
WO 97/47001                                        PCT/US96/09330 TEXTURED
MAGNETIC RECORDING MEDIUM HAVING A TRANSITION :ZONE Technical Field The
present invention relates to the recording, storage and reading of magnetic
data, particularly rotatable magnetic recording media, such as thin film 5
magnetic disks having textured surfaces for contact with cooperating
magnetic transducer heads. The invention 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 floats 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    WO 97/47001
PCT/US96/09330 2 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 5      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. 10           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 disk.  Thus, the transducer head
contacts the recording 15      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 20      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,
25      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[err]) is the recording
density per unit area and is equal to the track density (TPI) in terms of
tracks per 30      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 35      increase in predictability and consistent behavior of
the 



air bearing supporting the head. However, another factor    WO 97/47001
PCT/US96/09330 3 operates against that objective.  If the head surface and
recording surface are too flat, the precision match of these surfaces gives
rise to excessive stiction and friction during the start up and stopping
phases, thereby 5      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
transducer flying height. In order to satisfy these competing objectives,
the 10      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 texturing techniques
involve polishing the surface of a disk substrate to provide a texture
thereon 15      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, 



wherein the textured surface on the substrate is intended 20      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 25
(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 30      comprises
carbon,  and a lubricant topcoat  14.   Cr underlayer 11, Co-base alloy
magnetic layer 12 and protective carbon overcoat 13 are typically deposited
by sputtering techniques. A conventional Al-alloy substrate is provided
with a NiP plating primarily to increase the 35      hardness of the Al
substrate,  serving as a suitable surface  on which  to provide  the
requisite  surface    WO 97/47001
PCT/US96/09330 4 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 5      film
magnetic 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 10
surface of the disk in the CSS drive.  The requirement to further reduce
the flying height of the head imposedby increasingly higher recording
density and capacity render it particularly difficult to satisfy the
requirements for controlled texturing to avoid head crash. 15
The conflicting requirements for minimum transducer flying height and
texturing can be alleviated to some extent by providing a separate landing
zone and a separate data zone. In this way, the surface of the data zone
can be optimized for data storage and retrieval, 20      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 laser texturing
to form the head landing zone 25      leaving a polished data zone.
However, the resulting 



surface would contain undesirable abrupt topographical changes between the
landing zone and the data zone. Abrupt topographical changes on the surface
of a magnetic recording medium adversely affect the flying 30
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. 35           Accordingly,  there exists a need to
provide  a textured surface for high areal recording density having    WO
97/47001                                        PCT/US96/09330 a data zone
optimized for data recordation and retrieval, and a landing zone having
topography optimized for CSS operation, without abrupt topographical
changes between the data zone and the landing zone. 5      Disclosure of
the Invention An object of the present invention is a magnetic recording
medium having a textured surface with a data zone optimized for recording
and a landing zone optimized for head landing, without abrupt topographical
changes 



10      between the data and landing zones. Another object of the present
invention is a method of texturing a magnetic recording medium to provide a
data zone optimized for recording and a landing zone optimized   for   CSS
performance,   without   abrupt topographical changes-between the data and
landing zones. Additional 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 20
examination of the following or may be learned from the practice of the
invention. The objects and advantages of the  invention  may  be  realized
and  obtained  as particularly pointed out in the appended claims.
According to the present invention, the foregoing 25      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 30      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 35      of
manufacturing a magnetic recording medium,  which    WO 97/47001
PCT/US96/09330 6 method comprises forming a textured surface on a layer of
a magnetic recording medium,  which textured surface comprises:     a data
zone;  textured  a  landing  zone comprising a plurality of protrusions
extending to a 5      substantially uniform height above the surface; and a
laser textured transition zone between the landing zone and the data zone;
wherein the transition zone comprises a plurality of protrusions having
gradually reduced heights and diameters in progressing from the landing 10
zone to the data zone. Additional objects and advantages of the present
invention will become readily apparent to those skilled in this art from
the following detailed description, wherein the embodiments of the
invention are described, 15      simply  by way  of  illustration  of  the
best  mode contemplated for carrying out the invention. As will be
realized, the invention is capable of other and different 



embodiments,  and its several details are capable of modifications in
various obvious respects, all without 20      departing from the invention.
Accordingly, the drawings and description are to be regarded as
illustrative in nature, and not as restrictive. Brief Description of
Drawings Fig. l illustrates a conventional magnetic recording 25
medium structure. Fig. 2 schematically depicts a multiple lens laser
focusing system for use the present invention. Fig. 3 schematically depicts
a laser focusing system employing a crystalline material for use in the
present 30      invention. Fig.  4 schematically depicts a laser texturing
system for use with a glass or glass-ceramic substrate. Fig.  5
schematically  illustrates  another laser texturing system for use with a
glass or glass-ceramic 35      substrate.    WO 97/47001
PCT/US96/09330 7 Fig. 6 schematically depicts a textured surface 



formed in accordance with the present invention. Description of the
Invention The present  invention addresses the conflicting 5
requirements for reduced head/disk friction and minimum transducer flying
height in a conventional CSS system, in addition to maximizing the areal
recording density. Such conflicting requirements are resolved by providing
a magnetic  recording  medium  with  a  textured  surface 10
comprising a landing zone and a data zone, each zone optimized for its
particular function.   However, the present invention goes one step further
by addressing and solving problems generated by providing  a textured
surface having an optimum landing zone adjacent and 15      optimized data
recording zone. The optimization of a textured landing zone for reduced
head/disk friction and optimization of a data zone for minimum transducer
flying height adjacent to the landing zone on the same surface creates
abrupt 20      topographical profile changes. Such abrupt topographical
changes require painstaking precision in conducting the CSS technique.
The present invention addresses and solves that problem by providing' a
transition zone between the landing zone and the data zone, wherein the 25
topography of the transition zone is tailored to preclude 



abrupt profile changes. In accordance with the present invention, a
transition zone is provided between a textured landing  zone  comprising  a
plurality  of protrusions extending above a surface and a relatively 30
smoother data zone on the surface, which transition zone comprises a
plurality of protrusions having reduced heights and diameters in
progressing from the landing zone to the relatively smoother data zone. In
the various embodiments of the present invention, 35      a surface of a
magnetic recording medium,  such as a    WO 97/47001
PCT/US96/09330 8 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, 5      such as by mechanical polishing or laser texturing.
Desirably, the landing zone is laser textured to form a plurality of
relatively uniform protrusions extending to a substantially uniform height
above the surface.   A suitable laser texturing technique is disclosed in 



10      copending application Serial No.                     (Our Docket
No. 2674-011), wherein a multiple lens focusing system  is  employed  to
enable  the  formation  of  an accurately controlled pattern of
substantially uniform protrusions having a conveniently smaller size than
that 15      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 20
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 a lens focusing system and the
surface undergoing a laser texturing, to obtain a texture 25
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 30      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 35      system is
passed through an optical crystalline material to the surface undergoing
laser texturing.    WO 97/47001
PCT/US96/09330 9 In employing a glass or glass-ceramic substrate, it is
advantageous to employ the laser texturing technique disclosed in
application Serial No. (our Docket No. 2674-012), the entire disclosure
which is 5      incorporated herein in its entirety by reference.   In
copending application Serial No. (Our Docket No. 2674-012), a technique is
disclosed for laser texturing a landing zone on a glass or glass- ceramic
substrate employing a pulsed laser light source 10      having a wavelength
of about 10 [err]m, such as a laser light beam derived from a CO[err] laser
source. Upon providing a texturing landing zone, as by laser texturing, a
polished data zone would remain.   In an embodiment of the present
invention,  the data  zone 15      remains polished,  although the data
zone can also be textured. 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. 20
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 25      zone.  During
exposure of the surface to a pulsed laser light beam to form the transition
zone, variables 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 30      landing zone to the data zone.
One having 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 35      be achieved by controlling the
emission of the laser pulse power, laser pulse width and target movement.
The    WO 97/47001                                         PCT/US96/09330 



10 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. 5           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 10      improving the
flexibility of the CSS process.   Such a three zone texture pattern can
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, laser 15      pulse 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. 20      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 25      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 laser texturing 30      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, 35      to
obtain a texture comprising a plurality of controlled and accurately spaced
apart protrusions.    WO 97/47001
PCT/US96/09330 11 In another embodiment of the present invention, the
transition zone is formed by the combined use of the multiple lens focusing
system disclosed in copending application Serial No.
(Our Docket No. 5      2674-011) and the use of an optical crystalline
material as disclosed in copending application Serial No. 



(Our Docket No. 2674-016).  In accordance with this embodiment, a laser
light beam focused by a multiple lens focusing system is passed through an
10      optical crystalline material prior to impinging upon the surface
undergoing laser texturing to form the transition zone. In  accordance
with   the   present   invention, manufacturing is simplified and
throughput increased by 15      laser texturing the landing zone and
transition zone employing the same type of laser texturing system.  In
accordance with the present invention, the data zone can remain polished or
subjected to a laser texturing technique as well. 20           In an
embodiment of the present invention,  the transition zone and/or landing
zone are laser textured employing a multiple lens focusing system as
disclosed in copending application Serial No.              (Our Docket No.
2674-011) and illustrated in Fig. 2, which system 25      comprises a first
lens 20, such as a companion doublet, and a second lens 21, such as an
aplanatic meniscus lens. Second lens 21 is spaced apart and positioned
between first lens 20 and rotating substrate 24 the surface of which is
undergoing laser texturing.  First lens 20 has 30      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 of
focus provides the desired   flexibility,   enabling   the   formation   of
35      protrusions having a smaller height and diameter with greater
precision and uniformity vis-[err]-vis a conventional    WO 97/47001
PCT/US96/09330 1 2 single lens focusing system. 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 5      which is unattainable in a conventional single
lens laser focusing systems. In another embodiment of the present
invention, the transition zone and/or landing zone are laser textured
employing a system comprising an optical crystalline 10      material as
disclosed in copending application Serial No, (Our Docket No. 2674-016) and
shown in Fig. 3, wherein pulsed laser light beam 30 is focused through lens
31.  An optical crystalline material 32, 



which can comprise any of various optical crystalline 15      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 a, thereby
creating two focus point p1 and p2 having 20      different energy
intensities. The focusing points p1 and p2 are separated by a distance t
which is the function of the crystal thickness d and a crystal-induced
optical access angle [err]. In another embodiment of the present invention,
the 25      transition zone and/or landing zone are laser textured
employing both the multiple lens focusing system and an optical
crystalline material positioned so that the focused pulsed laser light beam
passes through the optical crystalline material before impinging on the 30
surface undergoing laser texturing. The  laser  texturing  technique of
the  present invention can be employed to texture a magnetic recording
medium by impinging a focused laser beam not only on a rotating substrate,
as in the embodiments previously 35      disclosed, but on any layer of the
magnetic recording medium.  Thus, in accordance with the present invention,



WO 97/47001                                        PCT/US96/09330 13 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 applied directly on a
substrate, can be laser textured to form a transition zone and/or a 5
landing zone, as with a pulsed laser light beam through a multiple lens
focusing system and/or a pulsed laser light beam through an optical
crystalline material. The laser  textured  pattern  comprising  three
zones  in accordance with the present invention can be provided 10
directly on an Al or Al-alloy  substrate on such a substrate after a
conventional Ni-P plating has been applied.    The  laser  textured
surface  provided  in accordance with the present invention is
substantially replicated in subsequently deposited layers. 15           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
include Al, Al-alloys, such as Al-Mg alloys, NiP plated 20      Al or NiP
plated Al-alloys.   In 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. 25           In yet
another embodiment of the present invention, a substrate comprising a glass
or glass-ceramic material is laser textured to form a transition zone,
landing zone and data zone, employing the pulsed laser light beam texturing
system disclosed in copending application 30      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 depicted in Fig. 4, and 35      comprises CO[err] laser
source 40, controlled by controller 41 and powered by generator 48. Emitted
laser light beam    WO 97/47001
PCT/US96/09330 14 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 the pulsed laser light 



beam onto the surface of the glass or glass-ceramic 5      substrate 46
rotated by spindle 47. It has been found advantageous to provide lens 45
with a suitable coating, such as lead selenide. Another laser texturing
system for use with a glass or glass-ceramic substrate is schematically
depicted in 10      Fig. 5, wherein a laser light beam 51 generated by a
CO[err] laser source  52 passes  to beam delivery system  53 comprising
mirrors 53a and 53b. Laser light beam 51 then passes through modulator 54,
beam expander 55, comprising a concave lens 55a and a doublet achromatic
lens 55b, and 15      then through polarization rotator 56 to beam splitter
57 where it is separated into components 51a and 51b.  Laser light beam
component 51a 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 20      light component 51b is reflected off mirrors 511a, 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. 25
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 30      textured surface of the
present invention comprises three zones, i.e., a landing zone, transition
zone and data zone.    The  landing  zone  comprises a plurality  of
protrusions 61 extending to a substantially uniform height above the
textured surface.   Data zone 63 is 35      illustrated as polished;
however, data zone 63 can also be laser textured, in which case the data
zone comprises    WO 97/47001
PCT/US96/09330 15 a plurality of protrusions extending to a relatively
uniform  height  above  the  substrate  surface  but significantly lower
than the height of the protrusions in the landing zone, or a pattern of
grooves formed in the 5      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. 10           The magnetic layers deposited in accordance with the



present invention can be any of those conventionally employed in the
production of magnetic recording media. Such conventional magnetic alloys,
include, but are not limited to, cobalt (Co)-base alloys, such as cobalt-
15      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- 20      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 1000A, 25      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, 30      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 



35      can be applied in a conventional manner, by any of    WO 97/47001
PCT/US96/09330 16 various sputtering techniques employed in production of
magnetic recording media. The present invention can be employed to produce
any of various types of magnetic recording media, including 5      thin
film disks, with an attendant improvement in flying stability, glide
performance and head-medium interface reliability.  In accordance with the
present invention, a magnetic recording medium is provided with a textured
surface comprising a data zone, textured landing zone 10      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 15      landing zone to the data zone.
The data zone can be polished  or textured as  by a mechanical  texturing
techniques.  The landing zone can also be textured by mechanical texturing
or laser texturing.  In accordance 



with the present invention, the transition zone is laser 20      textured
employing a pulsed laser light beam, wherein the peak pulse power and/or
rotating speed of the substrate is varied to provide a plurality of
protrusions having spirally reduced heights and diameters in progressing
from the landing zone to the data zone. Typically, the 25      landing zone
has a peak surface roughness (Rp) of about 15 to about 20 nm, while the
data zone has a peak surface roughness (Rp) of about 2 to about 3 nm. Only
certain embodiments of the invention and but a few examples of its
versatility are shown and described 30      in the present disclosure.  It
is to be understood that the  invention is  capable  of use  in various
other combinations and environments and is capable of changes or
modifications within the scope of the inventive concept as expressed
herein.    1.  A magnetic recording medium having a surface which
comprises: a data zone; a laser  textured magnetic head  landing  zone 5
comprising a first plurality of protrusions extending 



to a substantially uniform height above the surface; and a laser textured
transition zone; wherein the transition zone comprises a second plurality
of 10      protrusions having gradual spirally lowered heights and smaller
diameters in progressing from the landing zone to the data zone. 2.    The
magnetic recording medium according to claim  1,  wherein  the  data  zone
is  polished  or textured. 3.    The magnetic recording medium according to
claim  2,  wherein  the  data  zone  is  mechanically textured. 4.  The
magnetic recording medium according 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 Rp of about 2 to about 3 nm. 5.    The magnetic recording medium
according to claim 1, wherein the magnetic recording medium comprises a
nonmagnetic substrate and, sequentially formed thereon, in the recited
order, an underlayer, 5      a  magnetic  layer,  a  protective  overcoat
and  a lubricant topcoat; wherein the textured surface is provided on the
underlayer and is substantially 



replicated on subsequently deposited layers. 6.    A  method  of
manufacturing  a  magnetic recording medium comprising a non magnetic
substrate,    18 an underlayer on the substrate and a magnetic layer on the
underlayer, which method comprises: forming a textured surface on a surface
of the 5      non magnetic substrate or underlayer, which textured surface
comprises: a data zone; a laser textured magnetic head landing zone
comprising a first plurality of protrusions extending 10      to a
substantially uniform height above the surface; and a laser textured
transition zone; wherein the transition zone  comprises  a  second
plurality  of protrusions having gradual spirally lowered heights 15
and smaller diameters in progressing from the landing zone to the data
zone. 7.  The method according to claim 6, comprising sequentially
,forming, in the recited order, the data 



zone, the landing zone and the transition zone. 8. The method according to
claim 7, comprising: polishing the surface; laser texturing to form the
landing zone leaving a polished data zone; and 5          laser texturing
to form the transition zone. 9.  The method according to claim 6,
comprising laser texturing to form the transition zone by exposing the
surface between the landing zone and the data zone to a pulsed laser light
beam having a peak 5      power while rotating the surface at a speed. 10.
The method according to claim 9, comprising controlling the heights  and
the diameters of the protrusions in the transition zone by varying the peak
power of the pulsed laser light beam and/or varying 5      the rotating
speed of the surface.    19 11. The method according to claim 10,
comprising reducing the peak power of the pulsed laser light beam and/or
increasing the speed of the rotating surface while progressing from the
landing zone to the data 



5      zone to form the transition zone. 12. The method according to claim
6, comprising texturing the data zone. 13. The method according to claim
12, comprising mechanically texturizing the data zone. 14.   The method
according to claim 6, comprising laser texturing the landing zone and/or
transition zone by  exposing the surface of the non-magnetic substrate to a
pulsed focused laser light beam having 5      a wavelength of about 10
[err]m. 15. The method according to claim 6, comprising laser texturing the
landing zone and/or transition zone by exposing the surface to a pulsed
laser light beam  through  a  multiple  lens  focusing  system 5
containing a first lens and a second lens spaced apart from and positioned
between the first lens of the upper surface of the substrate,  to form a
focused laser light beam. 16.   The method according to claim 6, comprising
laser texturing the landing zone and/or data zone by passing a focused
laser light beam through an optical crystalline material to the surface
undergoing laser 5      texturing. 17.  The method according to claim 15,
comprising 



passing  the  focused  laser  light  beam through an optical crystalline
material interposed and spaced apart between the lens focusing system and
the surface 5      undergoing laser texturing.    20 18. The method
according to claim 14, 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 5      from and positioned
between the first lens and the upper surface of the substrate to form a
focused laser light beam. 19.  The method according to claim 18, 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 5      surface undergoing laser texturing. 20. The method
according to claim 14, comprising passing the pulsed focused laser light
beam through an optical crystalline material to the surface undergoing
laser texturing. 




