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Collectively, the texturing features are formed in a desired pattern or distribution
throughout the head contact zone. A particularly preferred pattern is a spiral, formed by
rotating the disk at a desired angular speed while at the same time moving a laser radially with
respect to the disk. The laser is pulsed to form the individual texturing features. For example,
the disk can be rotated at a speed, variable depending on the radial position of the laser, to
provide a linear (arcuate) velocity of about one meter per second. Then, operating the laser at
50,000 pulses per second would provide a 20 micron circumferential pitch, i.e. distance
between adjacent texturing features. The radial speed of the laser module controls the radial

pitch or spacing between adjacent turns of the spiral, which also can be about 20 microns.

Although this approach has been highly successful in terms of reducing dynamic

friction and improving the wear characteristics of dedicated transducing head contact zones, the
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portions of accelerations and decelerations.

Therefore, it is an object of the present invention to provide a texturing feature adapted
to impart a desired surface roughness to the dedicated transducing head contact zone of a

recording medium while minimizing undesirable resonant frequency effects.

Another object is to provide a magnetic data storage medium in which a head contact
zone has a topography that is directionally controlled, in that surface height gradients occur
primarily in the direction perpendicular to the direction of transducing head travel relative to

the disk.

A further object is to provide a process for laser texturing a data storage medium to
form texturizing features that are elongate and highly uniform in the direction of storage media

travel.

Yet another object is to provide magnetic data storage media that exhibit the highly
favorable dynamic friction and wear characteristics of laser textured media, and further exhibit

low resonance interactions with transducing heads during head take-offs and landings.



3 Summary of the Invention To achi eve these and ot her objects,
there is provided a nagnetic data storage disk. The disk-includes a

subst r at ewpshpobmr ned of a non-nmagneti zabl e material and hagingosws2ss
substantially planar surface including an annul ar contact region. The
contact region is adapted for surface engagenent with a nagnetic data
transduci ng head during accel erations and, decel erations of the substrate in
a circunferential directiopn with respect 1o the transducing head. A
plurality of elo ?ate ridge sections extend substantially circunferentially
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arrangement, the ridge sections are part of and cooperate to form a single, continuous spiral-

line textured pattern. In this case, each complete turn or revolution of the spiral is conveniently
considered as one of the ridge sections. The spiral pattern is favored, since it involves a single,
continuous path that facilitates a complete laser texturing of the contact region in a matter of
seconds. Disk rotation and radial travel are coordinated to maintain a substantially uniform

radial pitch.

Alternatively, the ridge section can be formed as a series of concentric rings. In this
case, the radial position of the laser module is kept constant during each revolution, and

between revolutions is stepped by an amount that determines the radial pitch.

The profile of the ridge sections is preferably uniform, and is primarily a function of the
impingement energy of the laser beam at the disk surface. Impingement energy, in turn,
depends on a combination of factors including laser power, the degree of attenuation if any,

and degree of focus of the laser beam, and the mode in which the laser is operated. For



4 exanple, in the TEMerr] node, the power distribution is Gaussian,
concentrating nore energy toward the center of the beam Preferably
the ridge sections have a height in the range of 5-30 nm nore preferably
in the raff*®¥¥88.20 nm The widths of the ridges are substpgﬁﬁsg’?"ﬁ?ssgr eat er
than the height, typically at |east one mcron and nore preferably at |east
two m crons. The substrate body typically is fornmed of al um num
with a nickel phosphorous |ayer plated ower the alum num Subsequent fil ns
or layers applied over the Ni-P layer include a non-magnetizabl e
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el ongate ridge is rounded and substantially free of sharp edges. -

Typically the gajaStORA0E 1dHeiiMEntisn, thétk isﬁ?&gﬁﬁgd a%?&e&é“%r LiPRIcRYSARI 27 €2

is noved at least 1n part by rotating the thds to define a
subst ant i mbgneticidatamdregemediain, palidingithe following steps:

a. directing a coherent energy beam toward a magnetic data storage medium, to
cause the coherent energy beam to impinge upon 2 selected surface of the storage medium at an
impingement area thereon, wherein the selected surface has a nominal surface defines a

nominal surface plane; and

b. translating the data storage medium with respect to the coherent energy beam in
a manner to cause the impingement area to move along the selected surface in a predetermined
direction at a substantially constant speed relative to the data storage medium along a path,
momentarily and locally melting the data storage medium at the selected surface and along the
path, to form a continuous, elongate ridge along the path in said predetermined direction,
extending outwardly away from the nominal surface plane, and having a substantially uniform
height in the range of about five to about 30 nm, wherein the elongate ridge is rounded and

substantially free of sharp edges.

Typically the data storage medium is disk shaped, and the impingement area is moved

at least in part by rotating the disk, thus to define a substantially circumferential path. The



5 <coherent energy beamis translated radially with respect to the disk,

sinmul taneously with disk rotation. The result is a spiral path, with the
rot ati onalw@bglgsasdi al novement coordinated to yield a unif gigsadipadss Pitch.
The |l aser is operated in the CW (continuous wave) node. - Because
they are considerably nore el ongate than the conventional bunps or dones,
the ridges and ridge sections enable operation of the laser in the CW node.
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When the data storage disk is rotationally accel erated and decel erated, to
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topography;dgé_adi ent, and there is virtually no input excitation

In this regard, a key feature is the ability to maintain a upiform height over substantially
the entire length of each ridge section, and more generally throughout all of the ridge sections
forming the dedicated contact zone. This provides an excellent degree of control over the

contact zone surface roughness, in terms of peak height above the nominal surface plane.

With respect to resonance, the orientation of the ridge sections and their elongation and
uniformity provide a key advantage. More particularly, surface profiles taken in planes
perpendicular to ridge extension are substantially uniform. In other words, there is virtually no
topography gradient in the circumferential direction. The maximum topography gradient

oceurs in the radial direction.

When the data storage disk is rotationally accelerated and decelerated, to provide
respectively for the take-off and landing of the aerodynamically supported head slider, the
slider moves relative to the disk in the circumferential direction. Accordingly, the slider

encounters virtually no topography gradient, and there is virtually no input excitation



6 frequency (harnmonics) to coincide with and anplify natural resonant
frequencies of the slider or its support system As a result, glide

aval anche neasurenents are inproved, particularly nmeasurenents of glide
aval anche WP 84081y poi nt (GABP), reducing the number of di %’@"ﬁ%’?ﬁgﬁ '
satisfactory textures that nonetheless fail glide tests, solely due to
resonance effects. In the Draw ngs
For a further appreciation of the above agd other features and advantages,
reference is made to the followi ng detailed description and to the

ot or age” i RS Berpaonics ro.corfih i fnd BB Bttt BatR BrcBREPES of i Rlidr
moverment rligisipysort §stene As 8lesult, glide avalalii@W@sdeh®nd RrethRb 080 g&gx)ﬁfﬂgﬁ

sectional view of the magnetic disk in Figure 1; Fi gur
partial topegsheementisay ghifle avalanghe bieskiggpaint (GARF, rddisingdht humberexd disles with

pattern of discrete nod s accardi the traditional |aser_texturing
appr oach; sagstgctcry t??@{ﬁsgﬂag npgetgeﬁgsg H{@ﬂﬁﬁf?%fe?%&ﬂg%ﬁ%@irswn%%e%ﬁ ace
profile of the contact zone in Fi guragmﬁ@?ﬁgsi n a radial direction;

Figure 5 is a schematic surface profilTe contact zone in Figure 3,
taken in a circunferential direction; Figure 6 is a diagrammtic

vi ew of a text Jioragudbsriappretistion of the aboverrad othen featwes axt advianiggéss edtferenss iof

the disk in Figures,1 and, 2. b gUre. 7.is.a chart. showing an AFM

surface pr%ef‘;{éltg ‘QQ"Y"FW%’IE{! descriptipg 6‘%&9 the flewings %‘V%‘Fgw simlar to that

in Figure 3, show na .a transduci ng head | andi ng zone textured in_accordance
e

with the presenrtE¥hvena Pl view of a magmatig data gorpge disk apbadetp irapepicingdivedt i on
of a Surf%ﬁﬁp&{eﬂffbxl %ngaarlig}%ggl%&?e%en{' e@ﬁi\)eraoﬁl & 8, taken in a radial

direction; I'STa Strtace proftile’of the |anding zone in

Figure 8, taken.,in a.circynferential direction, e e
g %zgurea isanen argecri partxalasectmna vxIew onfthe magnetic disk in Figure 1;

Figure 3 is a partial top plan view of a magnetic data storage disk with a texture pattern

of discrete nodules according to the traditional laser texturing approach;

. Figure 4 is a schematic representation of a surface profile of the contact zone in

Figure 3, taken in a radial direction;

Figure S is a schematic surface profile of the contact zone in Figure 3, taken ina

circumferential direction;

Figure 6 is a diagrammatic view of a texturing device for forming the elongate texturing

features of the disk in Figures 1 and 2;
Figure 7 is a chart showing an AFM surface profile of a ridge;

Figure 8 is a plan view similar to that in Figure 3, showing a transducing head landing

zone textured in accordance with the present invention;

Figure 9 is a schematic representation of a surface profile of the contact zone in

Figure §, taken in a radial direction;

Figure 10 is a surface profile of the landing zone in Figure §, taken in a circumferential

direction;

Figure 11 is a chart illustrating the coincidence of an input excitation frequency with

natural resonant frequencies of a transducing head slider and its support system;



Figure 11 is a chart illustrating the coincidence of an input excitation
frequency wth natural resonant frequencies of a transducing head slider
and its syRpsyidosBYyStem _ PCT/US98/05283

7 Figure 12 is a chart show ng the frequency response of a
traditional |aser texture during transducer slider take-off and | andi ng;
Figure 13 is a chart showing a glide aval anche curve based on a traditional
| aser texture pattern; . Fi gure 14%s a chart show ng the frequency
response of a |laser textured ridge in the formof a continuous spiral;
Figure 15 is aFjpare iZis a dyprtphawingitbyirefuency mbpeesaaf & weditiohal ladeotexgee dusiig
textured according.to the_ pr fe { invention; Figure 16 is a

sect i onal HRSSRCTsS lfiWewEﬁ“%ﬁfaPi aptq@&ie 15; Figure 17 is a schematic
top view of a further alternative enbodi nent data storage di sk; and

Figure 18 is aFigiebhisiachadshowiog aglidg evalambe burve dasask ored traditiond) datierrtenture
data storage disk. Detai |l ed Description of the

Pref erred? '%di ment s Turning now to the drawi ngs, there is shown
in Figures 1 and 2 a nmedium for reading and recording nmagnetic data, in
particul ar a nBiENeR 14isd dret showiggihabeRieapogtransyef 2 Igaéw texterest ridae in e foyma
substantia{lg{gﬁl apar hl’%{ji zontal upper surface 18. A rotary actuator (not
shown) carrf A AL (1] ng head support arm20 in cantil evered fashion. A

magneti c data fransduci ng head 22 (jncluding magnetic transqucer and air
bearing slider )& ﬁrﬂ@@ﬁ (’:'Pﬂiﬁén %’W@’epf@ﬁ&ﬂémﬁ‘%§¥ﬁﬁtﬁﬁg@%§wx Yough a
suspensi of. .24 ioﬁt@e?%s&’{iﬁmﬂzb I1ing action of the head, i.e., limted

vertical travel®a ot ation about pitch and roll axes. The rotary actuator

and the suppori. ar ivot to ve ad,.22. in_an.arcuate path, generally
radially wth #&‘beg]c s peptiehal gy ot B i din Ml 13

Figure 17 is a schematic top view of a further alternative embodiment data storage disk;

and

Figure 18 is a schematic top view of yet another alternative embodiment data storage
disk.
Detailed Description of the Preferred Embodiments

Turning now to the drawings, there is shown in Figures 1 and 2 a medium for reading
and recording magnetic data, in particular a magnetic disk 16 rotatable about a vertical axis and
having a substantially planar horizontal upper surface 18. A rotary actuator {not shown) carries
a transducing head support arm 20 in cantilevered fashion. A magnetic data transducing head
22 (including magnetic transducer and air bearing slider) is mounted to the free end of the
support arm, through a suspension 24 which allows gimballing action of the head, i.e., limited
vertical travel and rotation about pitch and roll axes. The rotary actuator and the support arm

pivot to move head 22 in an arcuate path, generally radially with respect to the disk.

At the center of disk 22 is an opening to accommodate a disk drive spindle 26 used to
rotate the disk. Between the opening and an outer circumferential edge 28 of the disk, upper
surface 18 is divided into three annular regions or zones: a radially inward zone 30 used for
clamping the disk to the spindle; a dedicated transducing head contact zone 32; and a data

storage zone 34 that serves as the area for recording and reading the magnetic data.



At the center of disk 22 is an opening to accommpdate a di sk drive spindle

26 used to rotate the disk. Between the opening and an outer
circunferential edge 28 of the disk, upper surface 18 is divided into three
annul ar rewgiogasgrer zones: a radially inward zone 30 used frorcdssmpisag t he
disk to the spindle; a dedicated transducing head contact zone 32; and a
data storage zone 34 that serves as the area for recording and readi ng the
magneti c data. . When tge disk is at rest, or rotating at
a speed substantially below its nornmal operating range, head 22 contacts
upper surface 18. Wien the disk rotates at higher speeds, including nornal
operating rang¥hemtheaiisk isebresthgr mtat@aghaéweﬂsmbwmﬁy lyglomd its Harmal aperatingreen

he head d f i i I » di.sk i,on, i
boar i g SaNHER 72 oA a8 e T il reibe U el b dn e c
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, e
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radi al | y Lowefiyiigovaigltds peniiaghighaniend stipgt bbddta.ne the di sk decel erates
sufficiently to all ow head/di sk contact, the head is positioned over the

contact zone. Fldg 1A838ing QA8 aGkind dpbraBbhe koth®sH SMEe Bsk bhE pHiotikg sPfeace is
avoi ded. Before the next data operation, the disk is accelerated, initially

W t h headuggortamyagredonirefteddn sknckest twiselhétivelshpostiomt teemsdycinghea8 23 peat desirad 20
is not pi,voted until the head js supported by.an_aiy .bhearin boye the
cont act " Jgons Witkin dat Eameo EolP R RS ORI Ey TS ABTR AR §OF SRSH ng
an al um ﬁr}oF@S 1Rk NGk stgi,rg]' HRRSL,
surface. %ﬁ?i%gg y a%@%&é@%&%@%ﬁ%r oug&g I%?ghas bgg;gl%*%?%%donto ttﬁ:ﬁe
upper sursiffesteroilfy tb aEowlasd/digk eontactkthe headis pesitdenal mventiragniti zmabl &hhgyer 40

with a uniformthickness in the_ range of ahout 2-1 1 crons. Fol |l ow ng
pl ating, NeAdcOpsSEt: Qihprarsiont pHibe digls smfaq%awm%qﬁ %qrpw theygest dpla GpsTaISRed

to a rou . Of . : ) i : er
mechani cgﬁgglgg\fsg%f:%gg{gsdﬁg’sl%aflg)t‘gﬁlga‘%a?é}e&%%éﬁa\?@ %%!{étl Bgﬁ%mg S ﬁ?tg(c:tti%fzn%'ne 32,
i's | aser Supsbtieatl 206s Ret@ivaled antll elsd iead issupbatal boargdinbasing] siaee thecodntict ng
i nvolves nelting the substrate

ZOne.

Magnetic disk 16 is formed by mechanically finishing an aluminum substrate disk 38 to
provide a substantially flat upper surface. Typically a nickel-phosphorous alloy has been
plated onto the upper surface of the substrate disk, to provide a non-magnetizable layer 40 with
a uniform thickness in the range of about 2-12 microns. Following plating, the exposed upper
surface 42 of the Ni-P alloy layer is polished to a roughness of about 0.1 micro inch (2.54 nm)

or less.

After mechanical finishing, substrate surface 42, at least along contact zone 32, is laser
textured to provide a desired surface roughness. Laser texturing involves melting the substrate
disk at and near surface 42, forming texturing features as will be described in greater detail

below.

Fabrication of disk 16 involves the application of several layers after texturing. The
first of these is a chrome underlayer 44 with a typical thickness of about 10-100 nm. Nextisa

magnetic thin film recording layer 46, where the data are stored, typically at a thickness of



di sk at and near surface 42, formng texturing features as wll be
described in greater detail bel ow Fabrication of disk 16 invol ves
the application of several |ayers after texturing. The fir %y%f these is a
chrone unﬁ’é??sé%? 44 with a typical thickness of about 10-? ARt is a
magnetic thin filmrecording |ayer 46, where the data are stored, typically
at a thickness of

9 about 10-50 nm The final layer is a protective carbon |ayer 48, in the
range of 5-30 nmin thickness. Layers 44, 46 and 48 are substantially

uniformi [ ,T&Fﬂ“ I catk t e sutface
42. %GMglé&lgng\%i?ous y atrlne tf%ﬁaglébﬁ?égedéa?fogg%ﬁggzgﬁﬂ%g@%ﬁ%%&%‘%gf ves
form ng dikteknesse Irgeisliasdq aid4s aalshinthnidip anifdrmriarkizkndss, @B&hm?ﬁéa@é fhedi sk
at surface 42. The size and shape of the nodul es depends on the [evel of

| aser beafPrBHRPESHOSHYE S§ifacg 4dpon surface 42. Typically the nodul es are
formed in a spiral path, having a circunferential pitch governed by the

di sk rot ati onalhsppaechshnuettoned, taditkinablasartetwalg idvolvesfotmidauditorete nddilagli al
pitch, i.e., the, radial distance between, consecutiyve turps of the spiral
path, is é&ﬁ%ﬁaﬂ%é@nsw aRes} By ihe POFUER I Syuince 4d1 | 5 dizg1and shaneigigheof ¢ he
| aser rel atj - i T i L Qar S
1 ust ot B0 depeddionithd fovel UrTaddt bedhf EneblbPrigh ks 640 bBesch 34 S5pitatffthe

Fi gure 6 sdule ade famed it £Xpithl bid, Bemgeciblmiforenfidipiich golated by theldiged

features in accordance with the present invention. Device 50 includes a
neodyni uniotaitongl speed endhlasar pristig igeryaliduring ceutpriag o daradlighpitchs 2e., thedadishm
expandi ng..and collimatin tjcs t roduce, a heam 54.in the farmof .a

ci Foul ar aRReriRredinbdrrtaRl b gr R 58 BERRE kD ol pleBaT pSh
optical CcoEGMamEBsHifnglof et laskPe1apkeits 3le GAOPORAAMECE AehldRes i&?’ﬂgﬁﬁé‘s@, beam
attenuat or 56, a beam eéxpander 58 and a | ens 60 for focusing the beamonto
surface 4éhddf illuswatdiralial phich emdicitomBentialpiioh, raspectinalnl density filter,

e.g., a glass plate bearing a filmapplied by sputtering unevenly to

provi de a tranBijFufssé Midws daskd teafiringhieniteSOtfnclophizdaser textured foAfreddpl ai ned

in the aforenentioned U S. Patent No. 5,062,021 and Publication WO 97/0793
1, the foregeidapceowith theapressneinysntion: davire Shdndndeas@ neodynies: oftrivpevanagan: at e

Fesol | df 1AL DS Y5 Biokf B2, tod WP e B P& Rling BOPS h S dfBe Rl o
whi ch projeaat $4 RUb¥asEH ¥f a Qfculal clinRics aBEdiaheRr PPWhEAREALs Wik HRCHpHERIRCT S

upwardly, fromthe nom nal surface plane. i
and optical components involved. The optical components include 2 variable beam attenuator

56, a beam expander 58 and a lens 60 for focusing the beam onto surface 42 of the disk.
Attenuator 56 can be a neutral density filter, e.g., a glass plate bearing a film applied by

sputtering unevenly fo provide a transmissivity gradient through the plate.

As explained in the aforementioned U.S. Patent No. 5,062,021 and Publication WO
97/07931, the focusing of laser energy onto the metallic surface of the substrate disk causes
highly localized melting at the surface. Although the material resolidifies rapidly, there is
sufficient material flow to form a nodule which projects outwardly, or in the case of a

horizontal surface projects upwardly, from the nominal surface plane.

The desired texturing pattern and features are formed by rotating disk 16 using a
spindle 62, and by radially translating the disk relative to the laser beam, e.g., by a motor 64
rotating a shaft 66 to move 2 non-rotating portion of spindle 62 upwardly and downwardly as

viewed in the figure.



The desired texturing pattern and features are forned by rotating disk 16
using a spindle 62, and by radially translating the disk relative to the

| aser beam e.g., by a notor 64 rotating a shaft 66 to nove a non-rotating
portion ofwepsmeilze 62 upwardly and downwardly as viewed i n sceusosgsise.

10 To trace the preferred spiral path, disk rotation and radi al
transl ati on occur sinultaneously. A substantial departure from previous
systens resides in the fact that |aser 5210| s operated in the CW (continuous
wave) node during texturing. As a result, single, continuous ridge is
formed on surface 42 along the spiral path Figure 7 is a chart
showi ng an AMF {cdzasgithe P@?e@@dﬁ?ml@gﬁ!oégs)ir?ﬁﬂ'@ﬁnmr@&atmmsamenmmwmere t he

d di 6 file t
per pendi caraRAERoTe A mhdbal dar G drovudariires fidief éﬁ?aqtﬁr@t laser 52
h t al
profi 16 uil %@‘%‘éé‘iﬂlﬁﬁﬁ‘g‘@‘%@%ﬁt Tuleds aAiekae,, 3?%*@%““ Feice of

about 3 nicontimmus Tidge Wi fdtrhedamswicy 4alohg thespiralngath.of 1-5 nicrons. The

hei ght can vary within a range of about 5-30 nm and nore preferably 5-10
nm The hei ght Figurk74s BehSt SHowikERl AN @H62hie Forcs hii&Bsdopg) a@rwfa@&@@wout
the ridge determnes the surface roughness of the contact zone. The finer

| i nes on oppusthesidgedadicatd af Gigis hewnlin aprofile takemen posdialqdireueapendicatance er
oftherrehan al ly. fini.shed.di sk _surf Lgure. 8 is. a.top view
Show ng paR REReE P Lo aeies i priyped B poriznml s comsRietsy Bten Giae
ridge SeCtrbei{e!iS uﬁﬁam}ﬁ&ﬂweﬂ oBRCwith alpRfk ﬁagl %faﬁam azé'zﬁﬁ RUCRAIRF RGBT,

Fi gure 9, is 50 m crons. dge Sections 68a-c are |g 'y uniformin sur ace
profile d o€ abaut Bheicrorfso i width cais vpgwithinh range ofit Smizusnst Ehedeighgcaperrat i on
during whicgh. the par rreters that control jintensity at the beam i npi ngement
area, and ‘Y‘E‘éﬂ f znge G r?é)éﬁ% 5%@5?{#@9@»’ Sr ] 2 \t@ e higighhis the gq@re @*ptg:ai
controll e a{?ﬁa € -

radi al ?’ cgér% é\?%‘%e;&ﬁ BQ% In g nera es :jdse%sgé eg%ée%q%e%%g % a rad| al
pi tch at kematt doaal Therfifertiines oh ogsosite didhs of gt illadiatd thpiniord adishldechadbadr
still yield satlsfactoré performance are preferred, because the spiral

ri dge canobtherrapokanically Bniskasdisksurfaget her, it has been found that unduly
hi gh density of nodul es or bunps adversely affects stiction perfornmance,
and density i nFigres iod taplmshcadhgpaﬂ pﬁcdmﬁg:t bete/ideof diglj by showinigdgesecutive

ti h th
sections s 015'sl Xc?ge segtic')sn%rg%a,u&% d 6% of the Fit g\, The radial pitch, as seen in Figure 9, is

50 microns. Ridge Sections 68a-¢ are highly amform in surface profile due to their formation
as parts of a continuous texturing operation during which the parameters that control intensity
at the beam impingement area, and the rate of impingement area travel relative to the disk, are
controlled to keep the intensity and speed substantially constant. The radial pitch can vary, but
in general it is preferred to provide a radial pitch at least ten times the ridge width. Larger
radial pitch values that still yield satisfactory performance are preferred, because the spiral
ridge can be formed more rapidly. Further, it has been found that unduly high density of
nodules or bumps adversely affects stiction performance, and density in terms of close radial

spacing between adjacent ridge sections may have the same undesirable resuit.

Figure 10 schematically represents the profile of ridge 68 along the entire spiral path,
which includes multiple turns or ridge sections to provide a contact zone with a radial
dimension sufficient to accommodate transducing head 22. Because laser 52 is operated in the
CW mode, and because the linear (circumferential) velocity of disk 16 relative to the laser

beam can be precisely controlled, the resulting ridge has a high consistency throughout its



Figure 10 schematically represents the profile of ridge 68 along the entire
spiral path, which includes nmultiple turns or ridge sections to provide a
contact z hif3 @ radial dinension sufficient to accomogatgsid@asduci ng
head 22. Because | aser 52 is operated in the CWnode, and because the

| i near (circunferential) velocity of disk 16 relative to the [ aser beam can
be precisely controlled, the resulting ridge has a high consistency

t hroughout its “ 11 11 entire | ength,
both in height and in transverse (radial) profile. The consistency in

hei ght i serig@Rhb® 8bthlih BBlehiEhdSh ¥ PRI (rdd0A] pofiRI SRR 0HGkEEY iﬂ‘?é%%t i form
surface roughness t hroughdut the contact zone. More inportant, however, is

t he ori enbeeficial Hororthel gendi®intwhdt cidge b detesniaehi yhifyrnosurface romghhesy tlabhghout o
t he topography of the contact zone. Mrg particularl.y, [ radients in
the hel gHBCaPaEHEOREy MArEHmRaTIsRa aWEER, 1 e o griAtion Bt Hiieh PY-oURP b IpRISE
Figure 9)y: 1 d:8 .4 | e | h i Ll :

e ght g Sa1Y dictihe Qi) SEEHGHRNAND of e Gilak bok: Fidte BRclll M)

f rom Fi gugradiddts inthel leiglebf thestxtiret euiflice decwurin vnd radiehdirerkion €6.90 Fignye 8), a
given radial |ocatjon that, has nodules formed by conventjonal |aser

t ext ur i ngwhile i the girewmfreppink Grostien termre vEne g no brighheradiepisne 70
illustrates the increase in input excitation frequency in linear relation
to i ncreases i ThalidienmpeefithisSesudt cin belindetstood fivln Bignresiipppidt of diskewsiocity
resonant frequencig re indicated at, . .72,, 74 and 76. At points wherge the

i nput expﬁqra%m@ﬁem&aiu%aﬁw app @1veR 2dial lngtipe Sraf Resgiodiiles T d?%sf@ﬂamﬂonap
frequenci ﬁ.?er eI ONG LRSS @?fo{lﬁ%%%?&eﬂtﬁfﬂﬁéﬁuk Fh9th Fl}u%@caée?ﬂf%iﬁ hde in
showi ng a frequen résponse of an array of “patterned [aser-tornmed nodul es

during heagut exsRatidnf frﬁ?h@mi}aiﬁdinﬂ&: relation to incleagushedith speeda Sebersl siklbowd siiglen
gl i de aval anche curve tfor the disk, with spikes 78 indicating a match of
the exci t PP SYSier gesesrrtdreguencingaroindicgiedat ¥ Mand 781 At peiienberedbempihe

air bearing,. Resgnanc ff. ; I (s

Il cat | igSaRTr e apos g EermERe GRHSR B RRIREARS aSER desongpt o
test wer ere§finsé Rstitd Mieles2 it Beh4lt showlngle freh@siky Yorpbibelofbh afaP oPfattdinggdoi nch
glide test. Wthout the resonance effect the di sk would pass the test.

Fi gure 14laes-farmederadubismutiag heast tekexoffiand Rindinge 12, but in contrast

il lustrates the frequency response of a texture pattern |like ridge 68,

i .e., a spiral Figiuel 3 isachat ekdwing a glide evajarivha dintve Ker-thé 8islanatith spiklesizf .
Transduci .ng_ head excitation is_copsiderably reduced, particul]arly at fgééqh
f r equenci B8icatipgbmatelird iR FFEIoTHECHIFAFISHOR BABIRNGS) MHEMARRBFAIUGRAIPLP

smoot her , ;:20d 1 0US B6hATRE SrrdbPElalcabidd ALHRASIRTedt betlie REHLHLTEREGe of a disk.

For example, if the threshold of the glide test were set to 1.5 volts, the disk under test would

fail a 0.95 microinch glide test. Without the resonance effect the disk would pass the test.

Figure 14 is a chart similar to that in Figure 12, but in contrast illustrates the frequency
response of a texture pattern like ridge 68, i.e., a spiral-line laser texture, during head take-off
and landing. Transducing head excitation is considerabiy reduced, particularly at high
frequencies. A corresponding glide avalanche curve (not shown) would be smoother, and thus

be more useful in assessing disk performance.

Figures 15 and 16 illustrate an alternative embodiment data storage medium, in
particular a glass ceramic substrate 80 provided with a metallic layer 82, e.g., chromium,
sputtered or ctherwise deposited onto the glass substrate. The metallic layer is exposed to a
CW laser beamn while the substrate and metallic layer are rotated and translated radially, to

form a ridge 84 along a spiral path substantially as previously described. To ensure that the



Figures 15 and 16 illustrate an alternative enbodi mrent data storage nedi um
in particular a glass ceram c substrate 80 provided with a netallic |ayer
82, e.g., chromium sputtered or otherw se deposited onto the gl ass
substrateWOHER Rt al | ic |ayer is exposed to a CWI aser beawg?sél%
substrate and netallic |ayer are rotated and translated radially, to forma
ridge 84 along a spiral path substantially as previously described. To
ensure that the . 12

12 topography is determ ned by ridge formation rather than by |ocalized

About 100 RereRsY isTeleBinglel oy FES OnaBAR b ot R Fhcnitng, Pietatic
al ternat i ygergthpdinEive dakigkitO 6P et MouBPoo Rarti cul

rly a transduci ng head contact zone 86 of the disk. The |aser texturing

consists of a i 0 < I o 3 f [ings. 88,
devi ce 50 st epgﬁgﬂ‘eg@ %&‘e‘?‘%@ﬂ‘{}"‘%@%g I'ng tal g"lgxgtg‘?ee%tétfog ﬁ%‘lglﬁe%%ngé%aggaﬁﬁt ch,
t hen mai nggjipasicaleBnsiatindiaghed costatiwone 86l ihg diskt attedadePtdkOiTRgQiasiels drhe
rings. Figure 18 illustrates yet another alternative enbodi nent

data stor &g@’lﬂﬂlf RODAgHYICTNGS Sgéﬁﬁhﬁqtc-zﬁﬁ @Tl‘lgmlilgﬁ &&hﬁ?ﬁcq Hestepndisk 8hpdiadyt ur es
For mt | onGPHe e PEIRRF e RAGT i tiel Al BBR 5 cor it & BhdRlrisorne

the radi aly @ih @6k bPihe rings. Thus, in accordance with the present
i nvention, the transducing head contact zones of data storage disks are

textured to preyide f . j ] .C
Friction and wois LEMERIENF thatlt Aefal R SIRER e Sld B0V ERCHARIS

f r equenci esntddoadneydEindvicich theltaxtinighfeaneddstd Gcenefigye SfRalsSspyhded Rdidle
take-off and | anding of the head slider. This result is achieved by
provi di ngarfridirere epe anpthere Farmetiasyofithese trxturingdgatuis yequins p sieppinglof the disk in
virtuall yth%' icg;!n I’gi{:‘%}gradi ents in topography in the circunferenti al

di rection: pr‘gfé ‘ed features are circunferentially extending, elongate

segnent s t hat n pe formed separately fromone another in circles or arc
segnents, or bﬁg%fﬁﬁct‘i@@a?‘f? %tgﬁﬁﬁﬁ?%&wﬁﬁnﬁﬁﬁ ¢ trapiduging gontact zones of

data storage disks are textured to provide an enhanced surface roughness that improves

dynarhic friction and wear, yet also eliminates the problem of input excitation frequencies that
yield on duly high acoustic energy signals during the take-off and landing of the E:lead slider.
This result is achieved by providing a directional character to the topography, in partiéular
virtually eliminating gradients in fopography in the circumferential direction. The preferred
features are circumferentially extending, elongate segments that can be formed separately from

one another in circles or arc segments, or be combined in a single, continuous spiral ridge.



13 What is clainmed is: 1. A magnetic data storage disk, conprising: a
substrate body fornmed of a non-nmagnetizable material and having a

substanti al | pl anar surface including an annular c ion
adapt ed fg‘%}isﬁ“iﬂf‘?é’ce engagenent with a magnetic dat agﬁ\@%ésé‘{fg ng head

dur.ing accel erations and decel erations of the substrate in a
circunferential direction with respect to the t ransduci ng head; and
a plurality of elongate ridge sections ek3ended substantially
circunferentially along the contact region, each ridge section
having a circunferential |length, a width in the radi al direction and
a height in anVet Bclaimeddési on away from a noninal surface pl ane of

the contact region; wherein each of the ridge sections is substantially

uni formin hei §ht ovanagetistiamistcaddeydisk, comprisi;ing entire length and i s convex

|nad|rect|onfa0|n from_the nom na surface plane; and
%é‘»og@é‘@

wher ei n adj acehfuhstig WﬁsOf&rné‘néWéWW%tFP@l axd daving egwbgaetialiiot her
"hast A tactor of tBrnElheRhehatl diifial SAL el AORBERHONALET TP, Y B

same height, thus tenglgt@esiwith &magnetic da@a&bﬂs@.ﬂiﬁgﬁ‘&daﬁ duﬂhé QEdBlaatidraead
roughness throughout the contact zone. 2. The di sk of claim1 wherein:

the ridge sections dcm:iﬁrattms pﬁﬁﬁ§ubﬁ‘tf?@ wiagjcumfzenial duecionrwidyrespect thikef or m

of a spiral, a i dge section conprising one revol ution of
the spiral. 3. ?H%Sdai’@&gfﬁ‘dr cgi m 1 wherein: the ridges are

substanti al |y wgjator aoﬁga@é hhgés&ﬁ&@%x&é?ﬂ@@msfaﬁaw c1R!u%Ef§1%nt1aHy along the
perpendi cul ar to the”nom nal surface plane. ) cl'aim

wherein: the ridge semutadt mpomawh iidgeghcton havtrige% mn;ngﬁemﬂtxaibm@h B-@idtmimthe 5.
A process for text uzr'ald?g dlrectia a(i'xezg%tt %1 gnt gxrxa %?1 e&?o%l a%vrra]y é‘gn% la%%lmxgal surface
plane of the contact region;
wherein each of the ridge sections is substantially uniform in height over substantially
its entire length and is convex in a direction facing away from the nominal
surface plane; and
wherein adjacent ridge sections are spaced radially apart from one another by a radial
pitch greater than the radial ridge section widths by at least a factor of ten, and
the ridge sections have substantially the same height, thus to determine a

substantially uniform surface roughness throughout the contact zone.

2. The disk of claim 1 wherein:
the ridge sections comptrise parts of a single, continuous ridge in the form of a spiral,

with each ridge section comprising one revolution of the spiral.

3 The disk of claim 1 wherein:
the ridges are substantially uniform in profiles taken through radial planes

perpendicular to the nominal surface plane.

4, The disk of claim 1 wherein:

the ridge sections have heights in the range of about 5-30 nm.

s. A process for texturing a magnetic data storage medium, including:

L



14 directing a coherent energy beamtoward a nagnetic data storage nedi um

to cause the coherent energy beamto inpinge upon a selected surface
of the storage medi um at an inpingenment area thereon, wherein the
sel ect ed swo¥sal0879defi nes a nom nal surface pl ane; aPRII/USWNSIZL i ng

the data storage nediumw th respect to the coherent energy beamin a
manner to cause the inpingenent area to nove along the selected surface in
a ' predeterm ned direction at a su Etanti ally constant speed rel ative
to the data st orage nedi um | ocal and nmonentarily nelting the data
storage medium at - t he sel ected surface and along the path, to forma
conti nuous, el Giragting acpbiggent energy bemtt@wendmgnw@hg dath gtome hn¢<§m§aiocpause the

et ned o ey, B COULID UL e U LT A5,
substantially free gfanShaidyepRE6aea thereon, wldSinPhOGRRBEdhrHtAddhnes WREHSIAD:

the data storage nediumis di sk shaped, and the | npi ngenent area is noved

at least in paface planeandt i ng the disk, thus to define a
substantially cir umc ential path. The roce of claim®6 further
Unol uding: t 1 aFRISATEGNS Fhle dPe © et Wh\KF%PﬁCtﬁggﬁé@f‘e&eBt PR R

energy beam si mul t apgpushy cguse the im ?ﬁﬂ#@deﬁ?mﬁ@&%«%@ hlonlgath g8 elediDEsBERESSS Of
claim5 wherein: the step of direc g a coherent energy beam conpri ses
generating a | aser heaetemmm&mcnon at a SUBs{anally comekst spastblelativeeo the data
storage medium, locally and momentarily melting the data storage medium at
the selected surface and along the path, to form a continuous, elongate ridge
extending along the path in said predetermined direction, extending outwardly
away from the nominal surface plane, wherein the elongate ridge is rounded and

substantially free of sharp edges.

5. The process of claim 5 wherein:
 the data storage medium is disk shaped, and the impingement area is moved at least in

part by rotating the disk, thus to define a substantially circumferential path.

7. The process of claim 6 further including:
translating the disk radially with respect to the coherent energy beam simultaneously

with its rotation.

8. The process of claim 5 wherein:
the step of directing a coherent energy beam comprises generating a laser beam in the

CW (continuous wave) mode.
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