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present invention relates to the recording, storage and readi ng of magnetic
data, particularly rotatable magnetic recoﬁdlng medi a, such as thin filmb5
magneti c di sks having textured surfaces for contact with cooperating
magneti ¢ transducer heads. The invention has particular applicability to
hi gh density- magnetic recordi ng nedi a exhibiting | ow noi se and havi ng

i mproved flying stability, glide performance and head-nedia 10
interface reliability. Background Art Nhgnetlc dISkS and disk drives are
conventional |y enpl oyeg d AGNETY REING MENYUYM HNWENGTypi cal | y,-
one or nore disks are rotated on aAcg%égn%g %ONE’JW S in combination with”
data transducer heads positioned i Se pr ox} Y to the recording
surfaces of the disks and noved generally radially with respect thereto.
Magnetic di sks aeannidwall ¥ikaesed in a magnetic disk unit in a stationary
state with a nagnetrc_head havl ng §e0|f|c | oad el astically in

contact with and pred$&d REFARE EWEY%HE@FHber tateg Fkthe 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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retrieved from the surface of the disk at a desired
position. . _

10 Upon terminating operatlon of . the dlsk drlve,.thém
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.pre551ng 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?) 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



begins to slide against the surface of the disk again and eventually stops
in cont aclyybddreeyd pressing against the disk. ‘Thus, the tg@angsbhénesaehead
contacts the recording 15 surface whenever the disk is stationary,
accel erated froma stop and during decel eradion just prior to conpletely
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surface of the mperatpeagringt &pat ebjgetiiveon Toridis tiegd §Pr§ﬁ§&pﬁﬁ§,
sliding against 2l ordind huspiéacarel tiobe Miatk, dHOFddidibd Rabkh, of
sliding agai nst the surface of the disk and stopping.” ]t is considered
desi rabl e duri nFhe2Rli FYrERFSSecStUEAg 1E?]zﬁe‘?at’:f"orlg’“lf"ds%ﬁf"?’lt stictdqp and
transducer head @si€toe duriird theseeaatedp rand stioppiny phaseas phesebye,
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the ~ provided with a roughened surface to reduce the head/disk
| friction by techniques refe;r‘éd to as “texturing.*

. Conventional texturing téchniqueslinvolve polishing the
surface of a disk substrate to provide a texture thereon
is 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
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 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
35 hardness of the Al substrate, sel_:jving as a suitable
surface on which to provide the ‘requisite surface



air bearing supporting the head. However, another .factor WO 97/ 47001
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recording sarface are too flat, the precision match of th S gives
rise to excessive stiction and friction duging the start up and stopping
phases, thereby 5 causing wear to the head and recording
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Thus, there arqngqﬁggt'¥§kg§@£§%gé.reduced head/ di sk friction and m ni num
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| ubri cant topcaomgnetic disks regquire 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 imposed, by
_ indreasingly'higher recording’dépsigy'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
sepérate 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 1laser 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 Zzone.
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
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PCT/ US96/ 09330 4 roqgréfhg medium hav1ng a textured surface with a data

. . zone optlmlzed for recordlng and a landing zone optimized
--for head landlng, without abrupt topographlcal changes
10 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
15 topographlcal 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
20 examination of the following or may be learned from the
practlce_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 surf ace 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



on the di sk surface.. The escal ating requirements for high areal recording
densi ty inpose” lncrea51ngly greater requirements on thin 5 film
magneti c WBAPA™0h t erns of “coercivity, squareness, |ow medPGHESWE0nd
narrow track recording perfornance In addgtion, increasingly high density
“and | arge-capacity magnetic disks require increasingly small flying
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can be optim zed for data’ storage and retrieval andi ng
zone can be optﬁ‘rﬁﬁlz@?f‘%ﬁﬁﬁﬁ.__é&qﬁ HERaTS i her §r1aﬁ§l€88nr Z90Fr EABAY35€8uch a

textured surface @ANIfEISIHG . @fhepdot 208i68sz anerang grdahamﬁc%éaﬁseaone
can be- producegag¥ i nitially..polishing, the surface % t hen laser exturlng
to formthe he nf;gmﬂiéﬂ?ters +%aPFﬁ§r§sﬁbpgs Wkﬁ%?z%ﬂ% ing

Howevero t he reﬁcbli\élﬂ@ the data zone.
Addltlonal objects .and advantages of the present
1nventlon w1ll become readlly apparent to those skilled

in this’ art “from the followmng -detailed descrlptlon,
wherein the embcdlments of the invention are descrlbed
15 simply - by way of illustration of the best mode
contemplatfd;for carrying out the invention. As will be

"3 h invention is capable of other and different
embodlments,.;and its several details are capable of
modlflcat;qgg in various obvious respects, all without

20 departing'fiom the invention. Accordingly, the drawings
and description are to be regarded as illustrative in
nature, an&fnot as restrictive..

Brief Descr;ptxon of Drawings
Fig. 1 111ustrates a conventional magnetic recording
25 medium structure
Fig. 2 schematlcally depicts a multiple lens laser
focusing system for use the present invention.
Fig. ,3uschemat1cally'dep1cts a laser focusing system

employing3§; rystalline material for use in the present

30 invention.

Fig.;a4. schematlcally' depicts a laser texturing

system for.'se with a glass or glass-ceramic substrate.
Fig.
texturlng'system for use with a glass or glass-ceramic

;schematlcally illustrates another laser

35 subetrate.




surface woul d contai-n-undesirabl e abrupt topographical changes between the
| andi ng " Zowe® @ndedine dat a. zone. Abrupt topographical change®Carusesed’surface
of "a magnetic recording: medi um adversely affect the flying 30

stability and glide perfor mance of magnet | c T ecor di ng heads, and
detrinentally affect the reliabili ead- d|u |nterf

Mor eover, such probl efd@:c % :h yof FRICER nge?‘EHEF %’}Iéfaﬁcéer
precision in texEoimed 135accordance A&ﬂﬂrd:lhaglgresdﬂwhmv@nﬂtcma need to
provide a textured surface for high areal recording density having WO
97/ 47001 PCT/ US96/ 09330 a data zone
optim zed for dabPsscs ,:‘ -- i and2gn and a | andi ng zone havi ng

topography optim zed fgje €5 Q@ﬁtatirﬁfenﬁ’lérb()‘dhd%@%lé% ' OROYIGHRY i in
changes bet ween the data Zone and the Iand I Ng. /zone sc osure o

the I nvenbi on Anrefpasemsnten oz aesmead,haad/oh-sks ferlrﬁetglm iang dHdHIRHY

rredi um having a E%éh%ﬁ%e&uﬂ?ﬁ:ﬁg“hébgﬁtdfﬁ% £onT ekt bialedsE0sys€ER! dimg
and a | andi ng zone Qqpt.i n:zed ah i ng, .without_  abrupt topographl cal
changes addition: o max:LmJ.z:Lng the areal recording density. Suc

confllct g requlrements are resolved by providing a
recording medium w:.th ‘a - textured surface

magneti
10 comprlelng' a landing zone and a data zone, eac_h‘ zone
optlm:Lzed for its partlcular function. However, the
present: :anentlon goes one step further by addressing and
solving - problems generated by providing a textlred
surface .,:,Ig_evn.ng an optimum landing 2zone adjacent and

15 . data recording zone.

The’ optimization of a textured landing zone for
reduced. .}_ief"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

20 topogra_ph;i_eal profile changes. Such abrupt topographical
changes_-r_ief;uire painstaking precision in conducting the
CSs techﬁique. The present invention addresses and
solves that problem by providing a transition zone
between.th‘:e_ landing zone and the data zone, wherein the

25 topograpfx'},;_:of the transition zone is tailored to preclude
abrupt prof1le~ changes. In accordance with the present

invention_f,"-‘-'f a transition 2zone 1is provided between a

textured : \'andlng zone comprising a plurality of

protru51ons extending above a surface and a relatively
30 smoother"’" ta zone on the surface, which transition zone
comprises.ia plurality of protrusions having reduced

heights and diameters in progressing from the landing

zone to. theﬂ relatively smoother data zone.
In the varlous embodiments of the present invention,
35 a surface"’:'pf a magnetic recording medium, such as a



10 .-.between the data and | andi ng zones. Another object of the present

1 nvent Oyd syaiedset hod of texturing a nagnetic recording | ovi de a
data zongw%g??#ﬁged for recording and a | anding zone optr??§§§b&&F%? CSS
performance, . w'thout abrupt topographi&al changes-between the data and
| andi ng zones. ‘Addi ti onal objects, advantages and other features of the

i nvention wil | swstaateorh unfegadayern formedean e i rbsinate f gludwasand in
part will becoh 2B Nbrt Oat ReSR it -20 1di Naay Hd | bolRshia aky wpon 20
exam nation of the follow.,g or.may be |learned fromthe Eractlce of, the
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and .obtained zahepasdr Cthheri| e poopined byt any Henvepipdehed HetniE.que,
Accordigg to the present invention, éhe %fr pi ng 25 and ot her objects™
are achPeved i FUGH t 2By BY nl§TEAPEPdc R ’rég | O hi3FeY e Hringt
surface whi ch Cemiriaddy, the ldaidingmwie is tlevstenr edxthaed ng fzame a
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10 copending application Serial No. ; ) (Our

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

" system 'is employed to enable the formation of an

meeTIT O T raccurately controlled pattern of sﬁbstantially uniform
o 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 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
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.
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| aser textured trfé‘saairé?x@t&@é@\@eﬁé\eéﬁ 1 taadlagezoaexeﬁélhaetééhﬁlém@e
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laser texturing a landlng zone on a glass or glass-
ceramlc substrate employing a pulsed laser l::.ght source

10 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

15 f;emains_ polished, although the data zone can also be
Eextured. After forming the landihg zone and data zone,

. the transition zone of the present invention is formed.
Laser texturing has beeri 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 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

30 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

35 be achieved by controlling the emission of the laser
pulse power, laser pulse width and _Earget movement. The
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comprising three zones, optimized to meet functional
demands for recording and CSS performance while avoiding
abrupt topographical changes therebetween, thereby
'WEOM'ehmmlmprov1ng 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, lasér

15 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'texturlng'technlques
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 1laser 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.



fornmed in accordance with the present invention. Description of the

I nvention ent invention addresses the’ confllctlng
requireneﬂgggpgﬁﬁfeduced head/ di sk friction and: n1n|nun1transdvce"m?r§|ng
hei ght in a conventional CSS system in addiXion to maxim zing the area
recording density. Such conflicting requi renents. are resol ved by providing
a magnetic recordi nglnnetbtiver veubdodimentexelirtde - fyeidfente ib@ention, the
conprising a landin a a n z o)

particul ar functt x?sft?]ﬁén an@ ﬁé fragggﬁt qﬁﬁ\%ﬁ%l gﬁ%%ggho‘r?f%efst%% fk'urther
by addressing armlul:biylﬁg l@“@ol%ﬂﬁugéﬁgr XLy §ﬁ-§9l95ﬁ§ in t erPenEddng

surface having qgﬁgpiégygbﬁaggfgglzg@e adj acent and 15 (Ouroggbﬁbge@odata
rrecordi ng zone. optim zatigon of a textured- anding zone reduge o

head/ di skB fri cti 8R74neldpt 3R Aehe ek Pt iGRd: Fé"ﬁ’sﬁﬁﬁrﬁl%ﬁﬁn E“F'a'cﬁ§& er
flying height adjgc@picl@séfeihass; egdzﬁgeapplabatsaﬁeswaaacwocr eat es

abrupt 20 t opogr aphi-cal of i es h abrupt topo | C
changes require ﬁﬁ+ﬂ&%&k+ﬁg—p? ?sP@ﬁ&F gﬁhddﬁ%ﬁh er Cﬁﬁptég E%ﬁ@
The present invepithnchder esbesliamhtsol ¥ elasbat 1ﬁ|gthlnl &adny Poovsed nhy a

onnar oy o AELPSALE 09 ARlE RAE 9 Vi [ 25

t opogr aphy of t WYL AR Pre:
10 optical crystalline material prlor to impinging upon the

surface underg01ng laser texturlng to form the transition
zone. - _ _ . o ’
In “accordance with 'the***preSént invention, =

manufacturing is simplified and'thféughput ihcreaééa-by

15 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 pdlished 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

employingia.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 aplanatlc 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 virtué of second lens 21
to point 25. The increased depth of focus provides the
desired flexibility, enabling 3ﬁ§he formation of
35 protrusions having a smaller heigﬁtland diameter with
greaterx pre_cision and uniformity vis-'-—'.é{_—vis a conventional



abrupt profile changes. In accordance with the present i nvention, a

‘transiti qposnieei S provi ded between a textured | anding zgRemsepasNsbsi ng  a
plurality of protrusions.extending above a surface and a relatively 30
smoot her data zone on the surface, which ¥#ansition zone conprises a
plurality of protrusions having reduced heights and diameters in
progressing fr&HORE L8RAI FFIDHE (Y SUR eghﬁﬁ‘%%’rf?a%ﬁ%bt Hef PFevididge. | n
the various ermbedijfReasel Gepthr eFeFocuRyeAHORLm3Rt and Mmainthbacacefl a

magneti c recordi_ng nediym such as a... 7147001 o
PCT/ US96/ 09330° s&’b”ﬁriPé’“&r &ﬁde%lagx}éﬁ‘t\égle%ed 8gﬂ%ffﬁé’ysu5’§t°ﬁ’&fiéflgsuéh as

chrﬁm' um or a chileramdeal toy acmmrimedgra | $hhdrbyta sa.m‘lﬁaeedf& | malf opeliitshi ng .
. : | A e ; et iy .
techni e, 5~ hTEH AR LA IR 005.£ 8" obRGERP ] "FindYe ALhS AAKEY ' N

Desirably, theflosuging syssems.| aser textured to forma plurality of
Zbove the surface. TASDYEREErRBORTNERT OF che HNiHHe Irverth) dhed I
_ - transition zone and/or landing_zone;are laser textured
employing a  system comprising an géptical crystalline
'i'1o material aéldisclosed in copendihgfapﬁlication Serial No.
(Oux‘Docket'No.'2554-016) and shown in

Fig. 3, wherein pulsed laser light beam 30 is focused

through lens 31. An optical cfySfélline 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 o,
thereby creating two focus point pl and p2 having
20 . different energy intensities. The focusing points pl and
P2 are sepafatéd by a distance t_which_is the function of
the crystal'thickness d and a crystal-induced optical
access angle o.
In another embodiment of the present invention, the
25 transition zone and/or landing zone are laser textured
employing_b@th the multiple lens focusing system and an
optical crystalline material positioned so that the
focused pulged laser 1light beam pasées through the
optical crystalline material before impinging on the
30 surface undergoing laser texturing.
The laser texturing technique .of the present
invention cgh 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
35 disclosed, but on any layer of the;ﬁégnetic recording
medium. Thhs, in accordance with the'bresent invention,



10 . copendi ng application Serial No. (Qur Docket

No. 2674- %” Sggrein a nultiple lens focusing system %’ﬂﬁs@&ﬁﬁaato

enable the Tformation of an accurately controll-ed patter n

substantial ly uniform protrusions having a X®nveniently snaller size than

t hat 15 obtained wi th conventional single |ens focusing systens.
Application Seriah ubderlayer, such as a ¢Ouwr -::kalldm uf@esiagey,i or
i ncor por ated her t ir t her S t%t

t echni que for forﬁéﬁgnéej‘& f#ﬁé% sg%ér?edlgggdgéc 'ggéé céotalecﬁd'a Z%Ebﬁge‘i
appl i cation Serien m underlayer or applied dll(@ﬁrlma SNbStZ@M'; ogen,

wherein a focusege! ag@ed | e ieadn t8 %&s@datbtaﬂshtﬁanorﬁdr&al afdiystakl i

mat eri al -i nterposed_and spaced apart betweigga ens focusi ng system and
n

surface uhder goi hPEiPgse n?ex?ﬁr?’ﬁlj foPH ésf’-EngEtz eam through
conprising a pl ug alilly 19l ec B! f ech oty asyetahelandyeaced pavséd laser

t t ket No.,,2674-0
noor por at ad hot DHARF PRI TRPYER yin ISPEARAT (ahy= A T LA nens%a@ianme

advant ageously bkaS8ér textareed ﬂaytémercommxisﬂngﬂg tlerge oygbflest hdn -

cHRR Had pe “BESVRARE 20T

ereln

appli cati on Sor iAoREo=ABE ity AhepEBhshE 3t
10

and

directly on an Al or Al- alloy .substrate on such a -

substrate after a conventional N:L___P_ plating has been
applied. The laser texturéd -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 comp‘":ise 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.  1In addition, alternative
substrates such as glass and glass—c.eramic 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 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..emplcying the pulscd 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 deplcted in Fig. 4, and
35 comprises CO, laser source 40, cont;ﬁ_glled by controller
41 and powered by generator 48. Emitted laser light beam



| aser Iight beamemtted froma multiple | ens focusing 35 system s

passed t hypugzgp optical crystalline material to the surf g0i g
| aser texturing. WD 97/47001 PERUSHD

PCT/ US96/ 09330 9 In enploying a glass or @Hass- ceram c substrate, it is
advant ageous -to enpl oy the laser texturing technique disclosed in
appl i cation Ser431| PN@SQFOG@MtS%‘Zt?’BM%H% aR hePSACRRe SHSfEsHte

which is 5 g’»\tt@ﬁw&r&ma Rrid 2490t EhehYabyst 8{ 868G Errors!
copendi ng appl i cat |fon Seri al 674-012), a technique is

di scl osed for |3R&EQGINY r?gerh9 I4($_’n0£°t’rp%?6’|’f§16‘ﬁ 50§ 8&‘%58@ 4R88%-LEghbnic
substrate enpl qyédty anpe seige | @&Qlfaldegf'tbe(tWeC 18ss or hgvaes- @ewebength .

o shouty 10 (e Ly 06D 78, P Fegh, WOBho BB A7, ) o, 5 b

pol i shed dat a za(ﬁmammgebmsrtm rprovilde drensmidSdwieht aoéuihabbeeeeatlng,

I nventi on, gqu emai ns polished, although the data
zone can al so be e% ure%fdA?len %ér'm ng the | andii ng zone and data zone,

Another laser texturing system for use with a glass

or glass-ceramic substrate is schema:tlcally depicted in

10 Fig. 5, wherein a laser light beam' 51 -generated by a CO,
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, compr:.s:.ng
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_Sla 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

20 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.

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 1landing zone compriseéi;_' a plurality of
protrusions 61 extending to a subé_iiantially uniform
height above the textured surface. Data zone 63 is

35 illustrated as polished; however, da-*;a'_'- zone 63 can also
be laser textured, in which case the data zone comprises



the transition zone of the present invention is formed. Laser texturing .has

been founqwﬂyﬁﬁmﬁ sui tabl e technique for form ng the transpprakegesise 20
I n-accordance with an enbodi nent of the present invention, the surface is

rotated and exposed to a pul sed | aser |ightt®heam preferably commencing at
the | anding zone and noved in a radial direction to, the data zopne which
will begin at a ®ePHWALISY Pl oPTOREUSIORS ($LHEBBING O, gherelplividy

exposure of the gy{fgeR t height sedbboeer dhght sibafrhoel orgndfiecd r ansitt i on
zone, variables affectin tﬂe eonetry of thﬁ pr %rugl ns_are adjusted_to
forma transiti of*2Bh lﬁg’(}F )] %?‘6?? BhihG Ph Eg r Ir&’er EFQHEFHEHHEE and
dianﬁters in SrOQh@SBtﬁ?fﬁgoﬂbﬁée 38 a p?tteﬂdi?g gpoeves Ebemddt dnzahe
One havi ordi nar y_sKki oot art. wou easi .eC i ze_appropti.at
par anet e:% and aﬁ’j‘%g?ﬁ%nt shh%cée]é%résrlytlf%n azg rlxee\?eo“&&rrl%aet%g%n 8§e§' SF%&&%F%
transition zone beginernhaviiagdprgtzusdcnd2a wiiha eightFoandxdapmetessch a
control | ed transji.i e : ' : L n

%;I:é&ﬁaiﬁ?? d“e@:‘le%%;qg a@&pgfggfgmég%ﬁéﬁacf%‘n EJn{t a%ﬂxé 9ahln

em ssion of the Taser pufse power, [faser rget novenent.
The - WD 97/470Bgne to the data zone, thereby eliminap@gngusebreeiio

_ 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 alloysf include; but are not
limited to, cobalt {Co)-base alloys, such as cobait-

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 10004,

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



10 height and diameter of a protrusion generated by pulsed | aser |ight.- beam
texturin ses as the peak pul se power decreases an as 't he
speed at %ﬁﬁhe surface is rotated decreases. %Chﬂ%ﬁgﬁﬁﬁisent‘

i nvention advantageously prOV|des a magneiéc recordlng mediumwi th a
textured surface conprising three zones, optimzed to neet functional

demands for revardong apﬂtﬁﬁSlpgrtenhmmqmedﬂdmphmymdﬂzmgpﬁmdm@tlon of
t opogr aphi cal ﬁ?ﬁﬂggggtQ%E%Qﬁ&ﬂ%eﬂgdﬁgereby 10 I mprovi ng the

flexibility of pr:ocess uch a three zone texture pattern can
most advant ageous| y The PHSEPNE HAVRRELRR iGN Pecomplioyedcomtnanducs lanver

Teans associ at gd YekolbeEypean oUREREA %%%ra&?ﬁb medi)  ARARAING the

em ssion of the |aser_pulsé power, |aser tar
novenen®, the BBIRY §alﬁr‘é+$¥’és Wt%IQRt%@%?ESlWPW% wmédmg

di f f er ent heads€gpigasy , ThA ildeansd # f Findee eﬁdtheaatﬁéamhml ri\h%tff%ecan be
gnal_ | aser texturin has

been found ¢ haPelioREdaratel ™ AEEOFORTEFa L GHe GRECERT BEVERLHEE.
utilizing a nuatmpgeekdénsrecouding meﬁnemn1supho&idbhﬁh1dhselQ&&duned
copendi ng appl [GakLoa. %ﬂﬁﬁeié¥hg a data zone, textured i gngnzone_

10 comprising ° fplurallty of protrus1ons extendlng to a
substantlal;: uniform height above the surface, and a

textured transition zone, wherein the“tranSition zone

_comprises a plurallty of protru51ons hav1ng gradually

reduced helghts and diameters in progre581ng from the

1s landlng zone ‘to the data zone.  The data zone can be
pelished or};textured as by a mechanical texturing
technlques he landing  zone can also be textured by

mechanical . texturlng or laser texturing. In accordance
with the present invention, the transition zone is laser

20 textured emﬁloying a pulsed laser light beam, wherein the
.peak pulse’ power and/or rotating speed of the substrate
is varied to prov1de a plurality of protrusions having
‘spirally . reduced heights and diameters in progressing
-from the 1and1ng 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 cer ain embodiments of the invention and but a

:f its versatility are shown and described

few examples;

30 in the present disclosure. It is to be understood that

the invention is capable of use in various other
combinationsgﬁnd envxronments and is capable of changes
or modlflcatlons within the scope of the inventive

concept as expressed herein.




(Qur Docket No. 2674-011), to forman accurately 25 controlled pattern

‘of “subst argbaki3pepni f or m protrusions having a conveniently ﬁ@p,bkmgssoze
than that obtained with a conventional si ngl e lens foclUsing system

anot her enbodi ment of the present inventio t he tranS|t

by the laser texturing 30 techni que disclosed in c mﬂﬂzﬂﬂgmmlﬁﬂr
Serial No. (CQur Docket No. 2674-016), whE8IMSa focused [vaser kignt Deamis
passed through an optical crystalline material interposed and spaced apart

between | ens focusing system surface undergoing |aser texturing, 35 to
obtain a texture conprising a plurality of controlled and accurately spaced
apart protrusions. 1VKI&7ﬁé§ﬂ@&1c recording medium having a textured

PCT/ US96/ 09330 11 In anaqt her % of the present invention, the
transition zone §% mac}ub e corbined use of the multiple lens focusi ng
system di scl osed in ca)piza’tch myraqzrpl I cation Serial No.

(Qur Docket No. 5 @e@?é]iuoéé)léﬂ&ﬁg z8ig %g@?’i@?hﬁﬁ%‘ &fdﬁﬂé& "&f

material as disclosed in copendi ng appTication
5 protrusions extending to a substantlally uniform height

above the surface; and ,

) a textured transition zone; wherein the transition
zone comprises a plurality qf5£?rotrusions 'baving
gradually reduced heights andldiaméters_in progreséing

10 = from the landing zone to the data 'Ecﬁne.

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’iri 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
peak surface roughness (Rp) of about 2 to about 3 nm.
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(Qur Docket No. 2 mnﬂh‘u-"l“m&' “grdance with this enbodinent, a | aser '

Ilght bqﬁgP ns focusing systemis ough an
op |cap crystalline material prior to inpinging J%gﬁaﬁﬁgkgérface

under going |l aser texturing to formthe tt8nsition zone. In accordance

W th t he pr esent I nvention, manufacturing is sinplified and

t hroughput increased by 15 | aser texturing the | anding zone and

transition zone enpl OyTRE hdnSEE ztéb%‘:'dé?:fnd ﬁé@&u?neé&é‘éf&ﬂniaéé Paid

accordance with the present Tnvention, the data zone can refrain po |shed or
subj ected to &+l SOEPTSING |an§1qf@tar3ﬂ%}&é= ﬁmﬁéilrlateZ@nd sequentiigldy

embodi ment  of sbieRr Qiﬂiteddw%mtﬂdghetﬂ&qcife%ns'at i teeRe RN RIrdaaiding
zone -are | aser texti ngkoglng nultlgle I'ens focu5|Q§ system as

di scl osed in 88Fefid ngé'tﬁﬁ cGPPERaker YARLRLN the texture Aot No.
2674-0%1) andpirbivisiedabadthe stilgpt2atevhindhisysilesnitially eepliiceeed first

| ens 20, such oS g gb%%gl%[ﬁé(i& %%ﬁ%s%tteﬁ&%fe second | ens 21, such as an
on ens

apl anati c nenrscdas §baced apart and positioned
between first lens 20 and rotating substrate 24 the surface of which is

undergoing | aser tgxt uf‘hé‘QnazgiFét{fé fe%d%%fﬁl@dggm accoff’d:(:?&ego Qﬁ'aTm at the

upper surface of substrate
1, wherein the magnetlc recordlng -medium comprises a

nonmagnetic substrate and, sequentlally formed thereon,
an underlayer, a magnetic layer, a p"rotect:.ve overcoat

5 ' and a lubricant -topcoat; wherein the textured surface is
provided on .the underlayer and is substantlally
replicated on subsequently deposited Iayers.

10.. The magnetlc record:.ng 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

5 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
5 comprises:
a data zone;
a textured landing zone comprising a plurality
of protrusions extending to a substantlally uniform
height above the surface; and
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'23.. However, the dep umquw '!MI "re nul tiple | ens focusing systemis
extendéed by o point 25. The incr gﬁﬂ of
focus prov 8%E7§ﬁ§ desired erX|b|I|ty, enabl i ng t he ¥e g&n& I"on
35 protrusi ons having a snaller hei ghti®and dianeter with greater

precision and uniformty vis-[err]-vis a conventional WO 97/ 47001
PCT/ US96169330 1 2 singl eal ercextootesi ngtsgssetiosi gradiegant wereijm pr dohiedi ng

an increased dep gggfsﬁ%ﬂs,za&?é UBLBYL £330 4 %93&&;&%03&;. HiRe L2l 1 S

facilitated, provi'ding "a erance acco nhereéent
surface unlforn1h§vsn9 grafishlys ueducadnabedghlisa éodvednamﬁ&9r§|nQMe

lens | aser focus)pgosyskerp: kBnABfENLr@TRAILERA o8/ chi® dkaSSBhe

i.nvent-iion, the t Ition zone and/or | anding zone are | aser textured
“enpl oying a system conprising an optical crystalline 10 materi al as

di scl osed in copendi nm3appl-1iﬂéat:deﬁho%ré@éomné% enskat 1b0. C%ﬁl i@ig)yy and
shown in Fig. 3, wherein Eils | aser gh%hii eam 30 is . focused t u%h-lens
31. An optical EPJUBBFLR B 3 ata zome, landing zone and

transition zone.

14. The method accordlng to clalm 13, comprising:
polishing the surface; .
forming the landlng zone 1eav1ng a polished data
zone; and - _
s 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
5 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

5 zone to the data zone.
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whi ch can corrprl s 'Hlﬁnwlm Im ﬂ! ptical crystalline 15 materi al-s, + -
such as posed in the path of t !@‘ﬁ
f ocused ﬁ@sdg“ ght beam Optical crystalline materi al g&@g gmt ed to
have a thickness d and a crystal -i nduced20pti cal' ‘access angle a, thereby

creating two focus point pl and p2 having 20 ~different energy
intensities. The fdd&isi r@@aﬂenlmd)lam@'lgart@ SElFaima t 1), b;omprﬁssimglce t
which is the functl %hec}fer y% tu&]&ackggssagean a &r%rﬁﬁ

err

opti cal access angl I'n anot her enbodi nent of the presen‘% |nvent|on
t he 25 Qﬂ%ﬁ?rzcﬁféﬁand/or | andi ng zone are | aser textured

enpl oyi ng bOt h the #askhi esé@ﬁénfz9§y§¥nﬂh%¥%bﬁmaanlﬁ|a§{ﬂe9 tiqaber,. )
crystalline material positlionéd he focused | aser |g$|t beam

passes 3 hr ougPENE It T AVeasrataand,e FIHPEFFQPtb%‘PB‘F‘éa‘F prRRF ern d#l% he 30
surface under gmx“tgmesﬁsersutrﬁwrl ﬂs smtdrﬂsﬂlly exepliivatebecsni quge of

e um by 1 mpi TP TSP THR BEYRRN onl y on o rot ating substrate.
as in the enbodi nents preV|oust 35 di scl osed,. but on any |ayer of the
magnet ic record| ng lr’gadl ume Jé]ﬂ?od '%@&Cﬁﬁ?%e é‘!af?n t tbe pcrogrspeln siﬁlg\{/ent I on,
: formlng an underlayer on a nonmagnetlc substrate;
forming the textured surface on the underlayer;. and
forming sequentially thereon a magnetlc layer, a
'5”““”"protect1ve overcoat and a lubricant topcoat wherein the
.~ textured surface is substantlally' repllcated on the
subsequently deposited layers.

20. The method according to claim 19, wherein the
underlayer comprises chromium or a chromium-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 clalm 12, comprising
texturing the data zone.

24. The method according to cl'-a:_i:'m 23, comprising
mechanically texturizing the data zone.

25. The method accord:mg to cla:.m 21, wherein the
substrate comprises a glass or a glass .ceramic material.

Sheet Has Been RTIlaced
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\lj\gdgrY{g;g(r)l Ll“ml IUI" “lj ImlI"J!II under | ayer, or P%’égg??/ﬁogwgg -
Z'zﬂ? s

ch as
a Co- aIon magn C Iayer app i ed on an underl ayer or applie irect?§ on a
substrate, can be laser textured to forma2kansition zone and/or a 5
"landi ng zone, as with a pulsed |aser |ight beamthrough a nultiple |ens
focusi ng system and/ or a pul sed | aser |ight beamthrough an optical

crystalline material.;dhe hgemethd Wbrdiald Eﬁé‘c?&ﬂpré§'ngom%biggng

zones in accordance mnth the present inventidn_can be provid

directly on an Areruping| [thp %%Fb@%?%t EOBF %rsﬁsgmﬁat:éoaf tzene by
conventional N -&pbainggahgﬁrbaee aﬂpthedsubsc'faee tassrpulgéau;saaused
surface provide g ggdgnce with the Qresi | & gt on .
substantial ly r ?%ﬁt 49 ﬁ@eﬁﬁgﬁngad pYstEBgt a? r§b°3§ 10 pm. The
magnetic recording media produced in accordance with the present invention
can conprise any of v Liou r ed i{n_the
production of magnet i recé?g égﬁéé 8E0§§ & E é%ggﬁn ’sUbEFFépeEhG
include Al, Al-alasgs, lsigit abeAn- I\zgsaldecxysr,ed\h Prpinataedcgg lasexAl loghki P

pl ated AI-aIonssourég_addition, alternative

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

5 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

5 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

This Sheet Has Been Reﬂ
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. substrates such asLum;ﬁllmmmm,ﬂmllceram c material can be enployed in-the .
“practice é"gﬁp r eSumg: o forma textured surf [sing a
| andi ng ‘g R@, gcordiﬁg Zzore dnd*transition zone. 25 %ﬁngégﬁ%ﬁ@et )
anot her enbodi ment of the present inventiep, a substrate conprising a glass
or glass-ceramic material is laser textured to forma transition zone,

| andi ng zone amhedataszboeusinglsysvem tand phlessdrfaserutdeproireprbasesd uri ng

system gi scl os%%){grl\ ndi ng application 30 Serial No.
filed on (Qur cke .. 2674-012). A laser texturing systemfor use with a
gl ass or glass-ceram c substrate in accordance with the present invention

s schematically depiclCdmid ddfhod a880rding to CRMBR 985 Tduifilledgper

source 40, controlled by.controller 41 and powere genér a mtted-

| aser |ight be&¥POSinG dhes ppper surface to a.p‘u_lse‘__dy laser light beam -

PCT/ US96/ 09330 tihohghpagsaslthpregm edwit FetuddIngo At | €8htayaiey 44
conprising mrrars 4€Fand 44h, such as,silicon mrrors, and focusi ngd | ens
p

45 for focusi ndii%E phfBEd Ik eR |5gfnd lens spaced apart from an
o . 5 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
wmrtroTeo - through an optical crystalline material interposed and
R ' spaced apart between the lens focusing system and the
S .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.

E _This.Sheet Has Been -Reilaced
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beam onto the surface of the glass or glass-ceramic 5 substrate 46
rotated by WO owien147. It has been found advantageous to-provi de | ens 45
with a suitable coating, such as |ead sel enide.  Another |ase®CY&J896/0933¢
system for use with a gl ass ‘or gl ass-cgfgmnic substrate is schematically
depicted in 10 Fig. 55 wherein a laser |ight beam 51 generated by a
Cderr] laser source 52 passes to beamdelivery system 53 conprising
mrrors 53a and 53b. Laser . |light beam 51 then passes through nodul ator 54,
beam expander 55, conprising a concave | ens 55a and a doubl et achromatic

| ens 55b, and 15 t hen through polarization rotator 56 to beamsplitter
57 where it is separated into conponents 5la and 51b. Laser |ight beam
conmponent 5la passes to diffractive focusing lens 58 and is focused on a
first surface of glass or glass-ceram c substrate 59 rotated by spindle
510. Laser 20 l'i ght component 51b is reflected off mirrors 511a, 511b
and 511c, such as silicon mrrors, to second diffractive focusing |lens 512
and onto the opposite second surface of substrate 59. The diffractive
focusing I enses 58 and 512 are advantageously coated with zinc sel enide. 25
A laser textured surface fornmed in accordance with the present invention is

schematically |IIustrated i ﬁﬁxEE;;;sE+JM“”“rl<Pq 2 layer 60_of a magnetic
recordi ng S = .~ 14 '
Carbon overesar “_'_;;- 13
- B . = 11
NP plarred A,
FIG. 1
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medi.um. Such a | ayer can be the substrate, underlayer formed on the

substrat e oWOh7ngemeti c | ayer. The 30 textured surface of the
present invention conprises. three zones, i.e., a landing zo ,T4$%MQWWion
zone and data zone. The | anding zogf conprises a plurality of
protrusions 61 extending to a substanti Aﬁb uni f or m hei ght .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 conpri ses WD 97/ 47001

PCT/ US96/ 09330 15 a plurality of protrusions extending to a relatively

uni form height above the substrate surface but significantly |ower
than the height of the protrusions in the |anding zone, or a pattern of
grooves fornmed in the 5 surface. The transition zone conprises a

| aser textured region having protrusion 62 wth heights and dianeters
gradual | y decreasing- and progressing fromthe | anding zone to the data
zone, thereby elimnating abrupt topographi cal changes and their attendant
probl ens. 10 The magnetic' | ayers deposited in accordance with the

FIG. 2



present inventi on can be any of those conventionally enpl oyed |n t he
producti onwe@fesi@agiet i ¢ recordi ng nedi a. Such conventional” So&/09389 OV S,
include, but are not limted to, cobal%l[éCo) base-al | oys, such as cobalt-
15 chrom um (CoCr), cobalt-samari (CoSm, cobalt-chrom um tantalum
(CoCrTa), cobalt-nickel-chromium (CoNi Cr), cobalt-chrom um samarium
(CoCr Sm, cobal t-chrom um platinumtantal um (CoCrPtTa),

cobal t -chrom um pl ati num (CoCrPt), cobalt-nickel-platinum (CoN Pt),

cobal t - ni ckel - 20 chrom umplati num (.CoNi CrPt) and

cobal t-chrom um plati numboron (CoCrPtB). The thickness of the nagnetic

| ayer is consistent wth conventional practices and manufacturing a
magnetic recordi ng 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 |ayer. The

under| ayer can conprise Cr or a C-alloy, such as chrom um vanadi um or
chromumtitanium 30 oxygen-doped Cr, tungsten or a tungsten all oy.
In addition, a protective overcoat, such as a carbon overcoat, can be
deposited on the nmagnetic | ayer,- and -a |ubricant topcoat’ dep951 ted-on-the .-
protective overcoat. The underlayer, magneti c Iayers and protective

over coat :

FIG. 3



35 can be applied in a conventional manner, by any of WD 97/470Q1 _, |
PCT/ US96/ 099&9e7i4Ge0sar i ous sputtering techniques enpl oyed in é%g%g@ of '
magneti c recordi ng nmedia. The present iqﬁfgtion can be enploe duce

any of various types of magnetic recording nedia, including 5 thin
filmdisks, with an attendant inprovenent in flying stability, glide

performance and head-nediuminterfafe reliability. 1In accordance with the
present invention, a magnetic recorfing mediumis provided with a textured
surface conprising a data zomne, tdxjyred | anding zone 10 conprising a

plurality of protrusions extendingd td a substantially uniform hei ght above
the surface, and a textured trénsitL n zone, wherein the transition zone
conprises a plurality of protrhsio havi ng gradual | y reduced hei ghts and

dianeters in progressing fromth | andi ng zone to the data zone.
The data zone can be pol _shed _of text AS.. by s nechanical. texturing
techni ques. The | anding ' ured Wy nechani cal texturing
or laser texturing. In accordance l l '
v
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with the present invention, the transition zone is |aser 20 t ext ured

enpl oyi ng a wolesgfhe} aser Ilght beam wherein the peak pul se power and/or - . ... .

rotating speed of the substrate is vari eﬁ(@o provi de a pl ur al PEY/U86/09330
protrusions having spirally reduced heig and di afreters in progressing
fromthe |landing zone to the data zone. Typically, the 25- | andi ng zone
has a peak surface roughness (Rp) Bf about 15 to about nm while the
data zone has a peak surface roughfgess (Rp) of about_. L t@ about 3 nm Only
certain enbodi ments of the inventio =M es of its

versatility are shown and descri be (O n the. pre di scl osure. It
Is to be understood that the inventJon S capable ] use in various
ot her conbi nati ons and envirgnTentsg nd i s capabl.e. of . anges or
nodi fications within the sdope L‘thﬁ i nventive concep as expressed
ace which

conprises: a data zone; a llage "}eﬁtured nagnetlc hea
conprising a firstcplurali

her ei n. 1. A magnetic fe ordvﬂg.ﬁedlun1haV|ng a su
| anding zone 5

ot
wn
o .
un
o
Yol
172
4"9 S/
e . 7
~ A J’R
w w0 '45
= wn
! <
il =
letl
N
(g
2
- e (7]
wn
W
ﬁ\ n
[~
.?.




to a substantially uniform height above the surface; and a |aser textured.. .

transiti on worssi47e0berein the transition zone conprises a secggp & Pty
Elikie ‘

of 10 protrusions having gradual smajgly | ower ed hei gh Il er
dianeters in progressing fromthe | anding zone to the data zone. The
magnetic recordi ng nedi um according to claim 1, wherein the data zone
is polished or textured. 3. The magnetic recording medi um according to
claim 2, wherein the data zone is nechanically textured. 4. The
magneti c recordi ng medi um according to claim1, wherein the | anding zone
has a peak surface roughness (Rp) of abof@ 15 to about 20 nm and the data
zone has a Rp of about 2 .to about 3 nm 5. The magnetic recordi ng nmedi um
according to claim 1, wherein the magnetfc .recording medi um conpri ses a .
nonmagneti ¢ substrate and, 'sequentially forned thereon, in the recited
order, an underl &y T = —a—negnet i€ ayer, a protective over coat -
and a lubricant t coat wherein the #e tyred surface is provided on the

under | ayer and i's ubstantlally

DATA ZONE

FIG. 6

ZONE

«

TRANSITION

LANDING
ZONE
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ASQME de%bm ted | ayers. CPMENT SHEET
uf Desgiptign fide di P‘i
Tt o2 Catms awmamerhcap@edéﬁ {he subst corn 1 '

a non._.magnetic .
he substrate, and a magnetic |layer on the

1Y

i R ey e i) o L A

conprijses: a data zone; a | aser texturddiiMEnetic head | andi*ng®zohe "
conprifsi rlgA'?Ef(‘)FSKE(EEM ........... y.lﬁ,..p“b”%' ons extending 10 to a

subst anttatty un||UlHlner%nL abgve the surface; and a | aser textured

transition zone:. whéreift

REDEEARSFEFBRI: BAeTedbWpr NABENT 42 SUEDAGS

plurality of phithusbmpgibawi:ng gradual spirally |owered heights 15

and smal | er di anete

zone. 7. The

S
nethoé gégSral J’to ciaim6, conprising sequentially

,formng, in the reejtédserdetextmmedkumagnetic head landing =zone

5

10

‘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
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,
a magnetic layer, a .protective overcoat and a
lubricant topcoat; wherein the_textured surface 1is
provided on the underlayer  and is substantially
replicated on subsequently deposited layers.

6. A wmethod of manufacturing a magnetic
recording medium comprising a non magnetic substrate,

progressing fromthe landing zone to the data



zone, the |andings.zone and t M “11 o b to
claim7, conprising: poli Shl ;s aseREE&?‘gEng tog‘;c eSerEt he -
l.andi ng zone | eavi-ng a pol i shed data zone and 5 | aser texturing
to formthe transition zone. 9. The méBhod according to claim®,

conprising laser texturing to formthe transition zone by exposing the
surface betwedh WHeTlawanm @z 6he shbstifeteasndzarmagretipulawrl Iamser | i ght
beam havi ng atm@aﬁhégrla OWﬁﬁlg@I$@tﬁ@@a&éﬂ§r££@sSurface at a speed 10.
The met hod accordlﬁgr I m rising controlling the heights and
the diameters of t Tﬁ?ﬁfﬁs SﬁguFﬁ Nitai i9% of FBREAGG Pir t he peak
power ®f the pohsedghasit suhbtrheamcendhdenlansim)g which tdhwured ating

speed of the g The net hod according to claiml1l0,
conpri sing red%%’%%%gtﬁom%%liépomer of the pul sed laser |ight beam and/or
i ncreasing the speed o ddearzemeing surface while progressing fromthe

landi ng zone to the da&a er textured magnetic head landing zone
irst plurality of protrusions extending
10 to a_%ubs@éqh'ally uniform height above the surface;

and ¢ f

compr;31ng-

& laser textured tran51tlon zone; wherein the
tran51tlonﬁ'

zone comprises a second plurality of
protru51onsi5§ving graduél spirally lowered heights

15 and smaller diameters in progressing from the landing
zone to the;_éta zone.

7;'-The”ﬁethod according to claim 6, comprising
sequeﬁtially forming, in the recited order, the data
Zone, ‘the la

ng zone and the transition zone.

é; . The method according to claim 7, comprising:
pollshln the surface;

1aser}t 'turlng to form the landing zone leaving
a pollshed_

_jlzone and
5 _ laser texturlng to form the tran51t10n zone.

thod according to claim 6, comprising
xturing to form the transition zone by
irface between the landing zone and the
?pulsed laser light beam having a peak
ating the surface at a speed.

9. - The ‘me

laserj.

exp051ng the

data zone to:

5 power Whi1§f4

1@; _Tbé;_ethod according to claim 9, comprising
controlling’ e heights and the diameters of the
protrusienéfl” the transition zone by varying the peak
power ef;tﬂéﬁgﬁlsed laser light beam and/or varying

5 théirct?ﬁinéﬁélaed of the surface.
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5 comprene e oo IR T‘e'lslthl“ﬁe{‘ﬁi‘?ﬂé@ﬁd%ﬂﬁoéﬁiéﬁm

12, conprising nechanlcally textur|2|ng t he data zone. The net hod
according to claim6, conprising |aser texturing the Iandlng zone and/ or
transition zone by exposing the surface of the non-nmagnetic substrate to a
pul sed focused | asetlli dghte ewhdiaaicegrling toaclhaie! Bngtdomgriabiold 10

[orr}m 15, Theesgtiog a6e el dR.cLal UL0 oCoURk| PLLGL | Aoct. hexiur g the

| andi ng zone and/ )r transition zone by ex ost e sur Bl sed
| aser Iight bedRe ﬁréﬁ‘ﬁﬁea&lnﬁultﬁleplﬂi?eﬂ et tb@ugmﬁgtl@;@st%mf'éace

containing a fihsle! progRREsAngeEolsh laps Pﬁ?&ﬂ%aﬁéﬁé Ee0mRN achf'tioned
betmeegathe first Iens of the é@ surface of the substrate, Qio orm a

focused | aser FPURt “BebRFmibhe #%%Sh%%%%dz%%%ordlng to claim6, conprising
| aser texturing the | anding zone and/ or data zone by passing a focused

| aser 11 ght bean1th ugh 0 tlcal crystalline terial to the surface
under goi gg | aser 5 12 '?5 FHEPS pFco rﬁ@%?hggaé@cgr P i m 15,

conpri sing textgr:.ng the data zone.

13. The method accordlng to claim 12, comprising
mechanically textur121ng 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 um.

15. The method accordlng to claim 6, comprising
laser texturing the landlng zone and/or transition
zZone 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 fii:st lens of the
upper . surface of the substrate, to form a focused
laser light beam.

16. The method according to cla_im 6, comprising
laser '_.texturing' the landing zone and/or data zone by
passing a focused la'ser'light beam through an optical
crystalline material to ﬁhe surface undergoing laser

5 texturing. '

17. The method accofding to claim 15, comprising
passing the focused laser light beam through an
optical crystalline 'mat'erial interpdsed and spaced
apart between the lens focus:.ng system and the surface

5 undergo:.ng laser textur:.ng | REPLAGEMENT SHEET

25 NOV 1999




passing the ,ocused. |aser E!‘“J “u&“mmllmwh an optical crystalline
mat eri al |nterposed and .Spaced e
the surface 5 under going | aser texturing.- $@Emgﬁ4m MET

accor di ng to claiml4, conprising expostdg the upper surface to a pul sed
| aser |ight beam through ‘a multiple lens focusing systemcontaining a
first lens and a se@andThenmeshadeﬂc@@fdindj to cldimom4gndompsiilsiiored

bet ween the fi Ie 1ggge1u:ppse{r%] ef ace gf (Pt(hes S&]bf%ég;:efé'%hfta: {nhgr

focused | aser . od accor arm
conpri si ng pa awg tﬁér@wbed & ocsbeivkeer lenght s LR ouGlys&emopt i cal

crystalline Wlﬁc&ftﬂa@!n:.'r@ -8938¢ 2BHsSpAged sdg helneep atélﬁi | %tf ocusi ng
system and t he surface undergoing | aser texturi n ) he met hod

accordi’ng to cfll%ﬂ“fn and pogpriorsg 6%%%“{9@1 t Hae phRged de‘r‘:"t%eﬁnfia%ﬁ li ght
beam t hr ough ampe |sm+fazreys>tratheneuﬁat:eatal rd OEd e S PJARANGIGOI Ng

| aser texturi rlgﬁ.ght beam.

5?i95l The method according to claim 18, further
comprlslng DaSSlng the pulsed focused laser light beam
through an omclcal crystalline material interposed and
spaced apart between the lens focusing system and the

S . surface_undergoxng laser texturing.

f?é;. The methed according to claim 14, comprising
pa351ng the Bulsed focused laser light beam through an
optlcal crystalllne material to the surface undergoing
laser;'exturlng
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