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-1- SHAPED- BEAM LASER TEXTURI NG OF MAGNETI C MEDI A

This application clains the benefit of Provisional Application Seri al
No. 60/017, 26 Ll ed "Laser Texture Patterns For

Non- Axi symret Sy(g%%s for Magnetic 5 Thin Film D sks", NF%@%’% 13, 1996;
and Provi si onal Application Serial No. 60/042,341, entitled "Using

Wedged Prismto Control the Laser-Bgam Sectional - Shape for
Adj ustable Elliptical Bunp-Shapes in Laser Texturing Process of

Magneti c Recordi ng " R?*'I‘
BACKGROUND OF THE I %\%ﬂ %k@ lq%ﬁﬂmr%ge%\?ent | (?rPreI ates to | aser
texturing of HHie: ppPiigetion cﬁ]&gﬁsrﬁ!&l kengfdtnpf Previsienalarly to

processes for mﬂ.icﬂﬂuongsemlsuapeﬁ&/an'd,zsm emitixled NYLagier 1Bedttanxcur i Ng

fteat ures fgr e GaltBesni Fokfed Wyl ﬁ&x%&ﬁﬁﬁé}&lc%ps f&E'ﬁagﬁ&ti&te relsul Itl ng
st orage nedigza. rticul ar

over ° ar éas e5|Fil EQ?SJ tcfgn‘% Hfapgl:f lgggn%hans mggﬁeads yIS
known to reduce"PPP‘iLg"f‘?j(ﬂ? Sextal ?O\Fé’/%%vr“’é@ Wé&?erqséf‘ﬁcge% conpared to
mechani cal |y t @xtiemeth cantmlskzse TasertBean) Seatizinadsshay@usbng a | aser beam
onto a di slaagubednid mﬁgﬁ‘;&sg ekgrrmksgelal fnlmai-lmurfm@m ng at

Pat ont No. 5 0T P M KA g S BBt ).

Al ternativeél®y, ¥97shown in I nternational Publication No. WD 97/07931
publ i shed March 6, 1977BRACHSROUND OFhTHE JMWENTEOMNN al so can be used to
form a bunp or e Gregent iRREHLiVn FERat®dl té NlaBelt OtRitu@iiAg dN sone

cases, a dome gf IQHHEPC Fﬁ%t?“éé&‘&&@%&lx &nd 'mggecx;%q:ticularllynt@ny event, the

I ndi vi dual top eat Clr r axi,synmmetric, nore
particul arly ?‘ﬁ?ﬁet PFC‘A‘F"L{&'BEH“%W&% apsP %PF%{?“%‘ X? ?ft he case of

f eat ures fo?ﬁwe&%uai#ﬂ)rﬁezﬁmﬁ formedadn. sughi textuningrpxpcesses pased on t hese
f eat ures exhi bidelaoasi e @bs@1tingr seragetneiaover nmechanical ly forned

textures, the ongoi igafleskeiiing of ma gwc h&?E@%Q&-EM%@QﬁfMQrHQ hei ght s

and shorter times ceSS|n stri ent
areas de51gnateg for co with gata({rans ucing g& S,

is kxnown to reduce friction and improve wear

20 characteristics as compared to mechanically textured
disks. Texturing involves focusing a laser beam onto a
disk substrate surface at multiple locations, forming at
each location a depression surrounded by a raised rim, as
in U.S. Patent No. 5,062,021 (Ranjan) and U.S. Patent No.

25 5,108,781 (Ranjan). Alternatively, as shown in
International Publication No. WO 97/07931 published March
6, 1977 (Meyer), the laser beam also can be used to form
a bump or nodule at each of the multiple locations. 1In
some cases, a dome or bump is surrounded by a ring.

30 In any event, the individual topographical features
are circular or axisymmetric, more particularly
symmetrical about a vertical central axis in the case of
features formed on a horizontal surface. While textures
based on these features exhibit considerable improvement

35 over mechanically formed textures, the ongoing quest for
lower transducing head flying heights and shorter times
for accessing data lead to more stringent tribological

tribol ogi cal
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-2- requirenments. Meeting these requirenents has been
difficult in view of certain structural characteristics of the
circul ar, axing%(%i c rinms and nodul es. These features_5 include a
relatively s ius of curvature, a relatively PAVER™8%ul e hei ght
as conpared to dianeter, and large rimheight conpared to rimwidth.
The resul ting abrupt changes in surjace el evation cause t ur bul ence
at the head/nedia interface. This results in 10 wundesirably high |levels of
acoustic energy at, take-off and | andi ng of the transducing head, i.e.
at disk acTRIUTEPPRR: and decel erations. The closed, rimlike
features have exhi Meebing theadarmupitrenantk| bat keebraiffientit in their radial
gorrp?_nent can ge&elodt Berrdindgrhwitulal Whétélﬁsftifs GEthébute to d%/_narri c
riction. er . re gvention
to provide nagﬁ%a’fcfucﬂgét%t%?i%%iéngaﬁg a\?\?‘{ ﬁgénrl%ﬁéd[]%&ge Egg}%’:‘%ﬁ’ act regions
textured foP i ApFfeqavERiatively smait radius RE, sNr¥raturest2on. 20 _
Anot her obj ect rebativepyolarge nodulecbeightonsusimpgred to diiametrert,o texture the
sErfaceSdof MRghé 1at-gda fu mbggﬁg%ompgrémdbariwmtmbr @heont rgl over the
shape and orie r r the laser to
i npart a dg%%ietg'ggoﬁ% esgﬁ%g ingsl&gg%%retﬁ%gép%%}agg ¥'T,s to provide a
| aser texturi nﬁurhuleBFﬁc%%§hFh’é?addf“F6Hisi"ﬁﬁF%‘%nsT%jtgeHE?‘]r‘?? i8r mi ng
asymmet ri cab f vndesigubiychighs levels afidagrudtieenengy at teketsffd nagnetic

medi a.  and YRindaAg! e RhebtemsalbidO neadyijde. nagagekc media in 30

whi ch the ori egbali e obnd PhaChisdlleBhe il HMS LIBEL| Gin-11xd OPOJT APNI CA
features is de ermnegivmth [ rence 1o the_dir'ect]op of transducing
head accel er at FERETfF have e"agegfeé‘r &t Fepfency 59 ferteh 9PRE S PP8r nance
benefits theiw apdfiabreanponenty eAnt yéneratgs drag force thought SUMVARY OF
THE | NVENThEN to contribuld® tCbyRamic Besacidnd ot her objects, there is

provided a process ffirosHFd, 298 1£8n"bbiMEt? oFPEHE bi-Es&lt Invention
to provide magnetic data storage media with transducer
contact regions textured for improved wear and reduced
dynanmic friction.

20 Another object is to provide a process for using a
laser to texture the surfaces of magnetic data storage
media, with more control over the shape and orientation
and texturing features formed by the laser to impart a
desired roughness.

25 A further ohject is to provide a laser texturing
process that affords more consistency in forming
asymmetrical features such as rims and nodules on
textured magnetic media.

Yet another object is to provide magnetic media in

30 which the orientation of non-circular, non-axisymmetric
topographical features is determined with reference to
the direction of transducing head accelerations and
decelerations, to increase the performance benefits
derived from the asymmetries.

35 SUMMARY OF THE INVENTION

To achieve these and other objects, there is
provided a process for surface texturing a magnetic data
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- 3- storage nedium including the follow ng steps: a.
directing a coherent energy beamfroma source t hereof toward a
magneti c data storage nedi um b. | ocati ng bea?& | gsoptics
bet ween the soWPP¥*%™ and the storage medium thereby shap &8’0' € beamto
provi de a shaped beam segnent al ong whi ch sections taken t hrough the
beam per pendi cul ar to beam propagati on hgve a sel ected non-circul ar
sectional shape; and C. causi ng the coherent energy beamto

I mpi nge 10 wupon a selected surface of the storage nediumat a

plurality of | o®ckerags mefdwoinclyding fhe Godle PLERR’ of the sel ected
surface at each of t&e | dteecting &\cohereitnemergy deapnfxim @usMraeext uri ng

feature, while QijeeBls (wara 4 BEghAAICUASE WebPagiiimeBiaxeS t her eof

substantially 15 al f?gneq°if%“f*‘ﬁf)§g%“re%§é§§1§§gg%‘c§Q’teit‘???{g the sourcelN€

features formed accordi ng f sane general types
as previousl P nag Bhe Ftezpeg nediun, thexeby, shaping tbe ’B?ﬂ?p§°and rims,

havi ng-a snoot h,provide custieped bepntssuienh alovgcvhichasectdans t¥keneduced 20
friction and i nqiR36e4K tMRAbean perperitbealat td bédinpropagation haverm, features

formed by the presChlef ReSA-dhty \ktional GhEE] Anadr nON-axisymmetric in
0 subs Fi |

t he sense of bein antrally elongate a directi,on parallel to

t he maj or pl ane ©f t [FAUEA% the Srohgrent AngREY , tO AFPIRI® oyl es or
bunps are ollmngpmn avsdleched surface mf she storage(mediumca#t ar at her t han

circular. In genghihii®p@t locatibfsittedebAs adteRimy the tdmigapmxis in the
direction of o E:é@ﬂ?féc@.@d%ﬂf% %&ogagﬁ of1Che Batidildtoyl S

per pendi cul ar to > maj or axj s. aspect ratjo, 1.e..30 the. major
axi s/ mnor axis ¥UPBI {&?“BE{‘TWIPﬁetﬁ’ﬁﬁg“%ff“Lufe'al‘fgbf_'e priephing 10,
and nore pref er atitey featurest With major :axge thergeo§ substgntially The
formati on of sl oypiined {Iwal prégeteraimdle aisextdionl advant ages. As the

flying head approachggetfifehedd WorRda %@or&ﬁﬁt YbCenispbobddVak@SdsSt ance is
reduced, due to the ed shape, of .t he_t.ex

streaniin i f eatures. Al so,
t he more gr'SRfIEAE asnexal g sf%%tﬂfggf%‘ﬁlgg?ﬂtelsobﬁi $etmi, o
Printed from M ninclugingsiongdes | busps sndppimes, baving a smooth,

rounded or rotund character that leads to reduced

20 friction and increased wear. In a departure from prior
forms, features formed by the present process are non-
circular or non-axisymmetric in the sense of being
substantially elongated in a direction parallel to the
major plane of the data storage medium. Thus, the

25 nodules or bumps are oblong or oval, and the rims are
elliptical rather than circular. In general, each
feature has a major or "long" axis in the direction of
elongation and a minor or short axis that is
perpendicular to the major axis. The aspect ratio, i.e.

30 the major axis/minor axis ratio, can be in the range of
about 1.1 to about 10, and more preferably is in the
iange of about 2-6.

The formation of elongated features provides several
advantages. As the flying head approaches the texturing

35 features, air flow resistance is reduced, due to the
streamlined shape of the texturing features. Also, the
more gradual increases in feature height result in the
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-4- head experiencing | ess turbulence, allowing it to fly cl oser
to the disk surface, and with the air bearing provi di ng nore stable
support. One of these, specific to rimlike features is a reduced
tendency to eWO®FM® nmterial. The el ongated, ellipti CAEYAERxhibit a
hei ght gradient in the direction of the mgjor axis, from a maxi num

hei ght al ong nedi al regions intersected,by the m nor axis, to mnimnal
hei ghts at opposite end regions i ntersected by the mgjor axis. At

sufficient elongation, 10 the rimheight at these end regi ons becones
negl i gi bl e, hepd renneyipneing 4pss Jmabrlengepsallewing Bt kerfil%e el lipti cal
rim These gapglasém®citlie nkilskr satfacel, | &t edthiithiel ait lkearingri mto escape,

e.g. during Stggg?fa{fg?huﬂ%shérﬂapeeé. oned6¥! tHBEE) @Rkl PNS +ol5

More general |y, ns._ of the el ongat t exturing features exhibit-
s

mor e favor abl e ¥pPotiefeqharps. 183 Jedyce YL L0 EAP. each nodule, rim
or other fe&tumetéeiale The wiiophated,ofilliptigal ximsi exhilitom a naxi num

hei ght gr adie8ght radliafpasi the alireetion blifethee majjanlaxibantrdd0

oradual profi| & malimd Bight dlofly MAM Yudiths Hrtlhbitea by e TS
yield inter nedi'“&?@rg?’gtﬁp'eﬁ?sm‘éﬁﬂaf heiggf%faﬁ 831?“\/&'%‘* heﬁﬁ?é i?(’l'?num or

mi nor - axi s profintersested by the pajenaxigs MAtsprffigiept glpagapign,

axi symmet riip f amieufim hHight at thess,erd regionsnbémmesi tegldgibdei zed when the

el ongat ed 1 OpPOYRRThG A ntleeBhpt RRs6E ﬁ‘iﬁﬁrﬁ?tﬂlﬁ iR ed el1iptidale. Wi th
their nmajor axes to g‘ge ext ent .| ossArp %agl#]griegonectexm thlﬁeﬂgg rection of
transduci ng hedd™raVe1*% @PBEi8/e%F 0 Y ™ the storage e aT Aot ng

accel erations e 80 espapel ce - GHEiNg Ehomgs mediih 3cSeTaGdoNRdi a, this
direction i s cianaugéeersriatdbnav th respect to the disks. As a result of

Lhis orientgyion {{ged iuasduriyloaleatbrns of eHECOLIMkEaY teRtarimyer (e
deal oat o0 <O s lngpss, mBACPUILS TR SEG U EliBgesal 1 [ N
friction, reducksPRFFEERIAT, SAEP HefRi¢s TABVRY ofBe fﬁ‘g}’ﬁeg has @ e ght s.
Wear char act er ilsdiight prefileptoatedarbesafrentfhmaximum height
gradient or steepest profile in the vertical plane
20 containing the minor axis, to a minimum height gradient
or most gradual profile in the plane containing the major
axis. Other planes yield intermediate gradients and
profiles, with the maximum or minor-axis profile most
like that of a similarly sized but axisymmetric feature.
25 Thus, a maximum benefit is realized when the
elongated topographical features are correctly oriented,
i.e. with their major axes to the extent possible aligned
with the direction of transducing head travel relative to
the storage medium during accelerations and
30 decelerations. In disk-shaped storage media, this
direction is circumferential with respect to the disks.
As a result of this orientation, the transducing head,
when moving on or over the dedicated contact region,
encounters more gradual changes in height. This reduces
35 turbulence at the head/medium interface, reduces dynamic
friction, reduces stiction, and permits lower head flying
heights. Wear characteristics are improved, because the

Printed from Mimosa 03/05/1999 11:40:54 page -6-



WD 97/ 43079 PCT/ US97/ 08328

el ongated features, when properly oriented, nore effectively

wi t hstand contact with the transduci ng head. The _bealm
shapi ng optics ke a variety of forns, t I npl e

bei I?\g g si ngl ewﬁage prism with a pair 5 of cy??ﬁ'g%%;g%?” | enses
bei ng nore suitable. The nost preferred version of beam shapi ng
optics conprises a pair of cespl ementary wedged prisns. The
wedged prisns are preferred due to their plane surface

refraction of th coherent ener beam which preserves beam
col l'i mati on e?m_‘ﬁ?tegnaeﬁ"é'ﬁgga qunpf%Rﬁrg& ﬁi(?g}'fdeﬂqré m ni m zi ng
aberrations andeffectively withstenq iconsactyiwish cihehtransdusing |headt ocal spot
si ze, suithebbeath ashapixigriopyicsmlanctake ut varidyf ettorag, wWhile

al so enhanci ng eget4die eYmp1d BeisPAPEiff1d Qg%é&atp §ém, Witl?L a pair

Regar dl ess og\/\/nth . 1R0LS Qr _cylin ic% 5 Behses are
enpl oyed, using® eﬁ‘ﬁ’gﬁggﬁgﬁg B?T%}et"ﬂgd%&'\?i gitable. The mast;ocjg) |y
shaped, non- ci r PEEESTREAL VeRRIONORS heawcphaping optics compriges o oieffective
control over thefstapydeasntary wedgdd prisms. The wedgéd @rasgatzz@d t ext uring

features, and abieféired Budito their plane dREHESSe Forfh@iidRi bl tehel N terns of

sel ecting aspec : his . is in contrast to tilting the

| aser begm g bonerent ggeﬁé‘é%iﬁ’l tWer;ré RieRet T e ec"ft:l&?’éﬁ%ﬁ%g Ranj an
patents andl© and propagatign ?H?‘E‘?’%&f iwhide pudmizing ghertafiioppjadt an aspect
rati o as | ow asdistextiidnseqUihie enablesr® smalllewffoGll spot size, degrees from
the preferred ohgtinild @8r PRIrREAG | dridh 8&r tRxturing #aatdrd, LingAleed surface.

The i nproved co I Mo R R at.ford optically
shap: 28 t\rlle I asgﬁgge%x?‘nggfzf'%ﬁggh 81 bver the SRRhsi %be %%?F%’i&%ri ng
her et of or e unavai | alffS93*AbEe% Af ywhether wedged; prispece¥ iGydindeicddgree of

el ongati on, 1But lenseshare employed, wsingi btaanshapinghophiashtbemtavide conf orm

to the desired a speciéi@yaﬂﬁﬁﬁairﬂbn-circular {in section) laser beam I'N EHE
DRAW NGS affords eff 9#1\)@ &wrﬂﬁro %d%gmgt%ﬂaglengﬂmf forg.ggtaatb%¥e. and ot her
features and advantages, reference i1 s nade 10 fOol'T oW rJgh etailed
description to Fﬁee tﬁaétqﬁﬁur ng features, and affords a hig

degree of flexibility in terms of selecting aspect
20 ratios. This is in contrast to tilting the laser beam, a
possibility mentioned in the foregoing Ranjan patents and
Meyer international publication, for which an aspect
ratio as low as 2 would require a severe tilt of 60
degrees from the preferred orientation perpendicular to
25 the treated surface. The improved control and flexibility
afforded by optically shaping the laser beam allow a
customizing of texturing heretofore unavailable, not only
in selecting the degree of elongation, but in the
consistency with which features conform to the desired
30 asymmetry.
IN THE DRAWINGS
For a further understanding of the above and other

features and advantages, reference is made to the
fallawing detrailad _descrinti Aa. tn _the drawi
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radi al novenent relative to the disk; Figure 2 is an enl arged

partial sectional view of the magnetic disk in Figure 1;

Figure 3 is a\g s,}@/ tional view of a texturing 5 device for formng
texturing fealBra8%%n the disk; Fi gures 4A-4D PETURTA838e ener gy

di stributions and profiles of a cylindrical |aser beam and a shaped

| aser beam respectively; -glgure 5 is a perspective view of
one of the 10 texturing features, nanely an elliptical rim

Figure 6 is a top, view showing an elliptical rim Figure 7 is a
sectional vi ewr® mavePpRpt: Kelative ¥ ttheafigkiane containing a minor axis
of the rim Fighrg® cisSan 2riasgexd paptialyiseatidiadnviewrg t he 15
vertical planeeg@niayngtid AskBiP Figite 10f the rim Figure 9 is a
per spective view show n obl o nqQdul e; igure 10 is a top
view of the_ellipt ir}g'gf“r%o%lr}lse?n eq'%vatimagi J(ﬁ"’e °f1ai‘§ex§“§g'&qqi onal view taken
al ong the 2B vBeYigeyfop| foraipg fterturing feafuxas anjtheofieke nodul e;

Figure 12 is a sectRignaés videwDt Hldestedtengnélyy distwiutions gudane cont ai ni'ng

a maj or plane gfofiRsNBHU @ylindrical laderIbédn hAal & Haped! Alded partial top
vi ew of fthe_ begﬁ’slgegsgovh%ﬁ, pattern of topographi Cf'iF features formed 25
on the disk; FTgure 44 is a chart illustratin conparative
dynanic friction dfdansekilsyArRATsPECE e Uiehpif eBt Rfefhe  versus
non- axi synet r textwingr fertureat tnagely an elliptichigedmg 15 illustrates an
f'i: Iterpatitve pattﬁ FiQureé s tﬁ%h?ﬁdﬁ%ié@%ﬁgﬁé an 9llipticafiﬂl1\{£'? 16 17
11 ustrates afurs Aaseke f 450K dduinay viel GH saong ene; o 935
Figure 18 il u¥eFiicad Rlsng crarainingraatinge axis ofsthé&dRic texturing
f eat ure; Figyrees 1i$ nl seatticnak vipwt takeot akenqalther nat i ve
Printed frag Mvapescdl3pdand WRBtdilniihg: #maidgCaxi® of the rim;
Figure 9 is a perspective view showing an oblong
nodule;
Figure 10 is a top view of the elliptical nodule;
Figure 11 is a sectional view taken along the
20 vertical plane containing a minor axis of the nodule;
Figure 12 is a sectional view taken along the
vertical plane containing a major plane of the nodule;
Figure 13 is an enlarged partial top view of the
disk showing a pattern of topographical features formed
25 on the disk;
Figure 14 is a chart illustrating comparative
dynamic friction due to axisymmetric texturing features
versus non-axisymmetric texturing features;
Figure 15 illustrates an alternative pattern of
30 texturing features;
Figure 16 illustrates an alternative texturing
device;
Figure 17 illustrates a further alternative laser
texturing device;
35 Figure 18 illustrates a further alternative
asymmetric texturing feature;

Figure 19 illustrates yet another alternative
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-7- asymetric texturing feature; and Figure 20 illustrates
a side profile of the feature in Figure 19. DETAI LED

DESCRI PTI ON ORy, J b, REFERRED EMBCDI MENTS 5 Tur ni ng /@83

dr awi ngs, there I's shown in Figures 1 and 2 a nedium r rdi ng and
readi ng magnetic data, in particular magnetic disk 16 rot at abl e

about a vertical axis and having a subst@atially planar and hori zont al

upper surface 18. A rotary actuator (not 10 shown) carries a transducing
head support arm 20 in canhl | ever ed fathl on. A magnetic data

t ransduci ng headsYmmetyic; kextiy e[aa'. Fhe ee end of the support arm

t hr ough a suspenBigywe 20 illugknatiesan |wide profddel PhdhecEpafurel t he head,
i.e. 15 |imtednveigux@ahotravel and rotation about pitch and roll

axes. The rotary achyddfitenABeduieresiPRA! imd PRePENSD ftnoprueiRy® | head 22 in
an arcuate p?’th generall rala‘@ﬁa respect to t

At the center of di s 8p %av’d‘% Afiothawe éndl sk drive
spindl e 26 used FtiE“F%Qéténﬂka med-’t!%lﬁ"rm@#w! lmadopeading and an outer
circunferential magneeitg@ats, din partituikr nyynetis @ibRCces kbtasaslievi ded into

three annul ar r egjeQPSa Y Egéﬁs pFeTe used for
cl anpi ng the disk tgg t.heers ax§s Eﬁﬁ QHM# g%&t?ﬁg% Y F:rllag‘f% ad cont act

e
zone 32; and a data otor g giz"c?ﬁgt sur (}35 t et §e’F‘V‘€§Ya§ tt“ﬁ oL g
recordi ng ad® r SAGWRY qarxries a kraprducingdhepd support arm\?onini sk 16 is at
. rest, or rotati ngnaileveredethshionsulas maghetdlcl ateeltransdiaingr weda oper ati ng

range, head 22 3§ jgopduted ¢iPRBE HlMel 8A& o5 the \WipBokt S, Skm.r&mt es within
t he nor mal operatl ngprarl%e an air bearing or cushion is formed by air

flow ng bet ween h T iehd upper surface 18 in the direction of disk
rotation. The ai%* Baigh @glows @GBW#"‘S gpleionegfl the Ppardd lieP: spaced apart
relation to 135 Limdtedpertical &revel Appgi catiation hebaotitspiimhe ah@txddn a

pl anar bottom suidegaCe Fife ebtfi§AdctwatiRdaidi®e SidoreCark® pivot tOWN as the
head "flying hEIH%QE" l‘u?,ét:lS z@bi’ﬁ' tanlgrcuate path, generally radially with
respect to the disk.
At the center of disk 22 is an opening to
20 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 region
30 used for clamping the disk to the spindle; a dedicated
25 transducing head contact zone 32; and a data storage zone
34 that serves as the area for recording and reading the
magnetic data.
When disk 16 is at rest, or rotating at a speed
substantially below the normal operating range, head 22
30 contacts upper surface 18. When the disk rotates within
the normal operating range, an air bearing or cushion is
formed by air flowing between head 22 and upper surface
18 in the direction of disk rotation. The air bearing
supports the head in parallel, spaced apart relation to
35 the upper surface. Typically the distance between a
planar bottom surface 36 of head 22 and upper surface 18,
known as the head "flying height", is about 10
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m croi nches (254 nn) or |ess. The flying height should be as |ow as

practicable for maxi num data storage density. For data recording and
readi ng oper aty otation WO 97/ 43079

poy] USS7/ b adve St _9-  PCTUsetusimg t he
substrate disk at and near surface 42 at multiple | ocations, form ng at
each location a texturing feature, gs W ll be described in greater
detail bel ow The texture is influenced by the general pattern of 5
texturing featurges, ,as wel| as the size and shape of the features

i ndi vi dual |y. i°r°1n°h‘?5at(PP‘&aE!"l)oﬁro¥eEG| sKTHe6 fayimy Hedyhtirshegld nvol ves the
appl i cation of Brewsr 3w |amy practicabDetrorsmePitunCata stdppsi ted onto
substrate surf adensd®y. preferably to a 10 thickness in the range of about

10-100 nm to form u er_44. The underlayer is well suited for
; R jata pgan%eﬁ( 'ﬁi 4ing, oper: H3gps, rotagi erystal | |

Underl ayer 44, 'recordl ng Iayer 46 and )
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cover |ayer 48 are substantially uniformin thickness. Consequent |y,
upper surface 18 substantially replicates 25 the texture of substrate

surface 42. Laser texturing preferably is acconplished with a

| aser texturing, ha€ 50. As seen in Figure 3, device | ncl udes a
spindle 52 for ?g?ékgbly supporting substrate disk 35?“@%%* di sk 38, a
carriage 54 supports 30 a laser nodule 56 for reciprocal novenent radially
W th respect to the disk. The | aser-gmwdul e includes a naodym um
yetriumlithiumfluoride (Nd: YLF) diode |aser 58, and beam expandi ng

collimating optics, 60 for collinating the diode |aser_ output to produce
a beam 62 35 iﬂef‘f{é‘gf g??nsd‘lbsﬁrﬁer gg?)ératcﬁ}‘?rﬂféfr RURAATE 42 Atanet er of

about 1-10 nm WRttinlef degatdons qforming At eachiilopatinn a textwslingati on and
the ot her opti ofieAtwrepypasariila be\deseeibed in greater detail béldwited from

M mosa’ 03/ 05/ 199fe lrbxdlre 4’ 38€1uehbed by the gener¥P ght/tdsh 7%/\_'
PCT/US97/083§8 10- th |aser 58

preferably oper SEXHTing, featprrp e A wvalh2s Fhe size FhARe of &i8ssian

energy distribufedtpres irdpviduaiiv.n Fi gure 4A. Sections of the beam
perpendi cul ar to  Fapeitgohi 6N diskele Eter dxhr S8F 1in08Svals tubewed i n
Figure 5 3, exBpplicatibh Bbetddl 187erdS SEWhe! Ps HhttEr 4B- The

| aser nodul e algo

| yd | | ts f | ectivel
shapi ng beam 62; e?‘l?)sr}%fga‘ﬁ QIS% srtaratggﬁtlfﬁcﬂ%ﬁea‘%'i %ggP%)ﬁnﬂ%SXfF‘b??rV\;iel gcl Ie\a/ne/i %g

the beam 10sybkicknees| i% thecranuseofi abausolInd00dmmedo Sarm@n per pendi cul ar
to the first. uhdsdagenpbnentse iunderlyer is weldl suideangdged prisns 64 and

66 spaced from gagseyighbedeposit P08 4 HagResdR RALA. sl PhiHIR are
supported by

and 70 respecti&lé S%rggﬁgfﬁ%,gfgn uocgl?tﬁi?%%cagfrgylg%% %/??Ié’ln‘lfg'i%ﬁgfedegf:hesgri sm
about an axis pERpARItREY AL the (Frysirblineomagnetichgim.anlhe. This pernits
adj ust nent &% t magnetglcetlbin £ilm provides a recording layer 46 for
storing the magnetic data. The thin film material
preferably is a cobalt/tantalum/chromium alloy or a
cobalt/platinum/chromium alloy, and is sputter deposited
to a thickness in the range of about 10-50 nm. Finally,
20 a protective layer 48, typically carbon, is sputter
deposited onto the recording layer to a thickness of
about 5-30 nm. Underlayer 44, recording layer 46 and
cover layer 48 are substantially uniform in thickness.
Consequently, upper surface 18 substantially replicates
25 the texture of substrate surface 42.
Laser texturing preferably is accomplished with a
laser texturing device 50. As seen in Figure 3, device
50 includes a spindle 52 for rotatably supporting
substrate disk 38. Above disk 38, a carriage 54 supports
30 a laser module 56 for reciprocal movement radially with
respect to the disk. The laser module includes a
naodymium: yetrium lithium fluoride (Nd:YLF) diode laser
58, and beam expanding collimating optics 60 for
collimating the diode laser output to produce a beam 62
35 in the form of a circular cylinder having a diameter of
about 1-1C mm. The preferred diameter varies with the
application and the other optional components involved.

Printed from Mimosa 03/05/1999 11:40:54 page -11-



I ncidence a of the | aser energy upon a planar receivVing surface 72 of
prism64. Gven the non-zero angle a and the alignnment of an opposed

pl anar exit surface 74 20 substantially perpendicular to the refracted
beam the beam energes fromprism64 refracted and at an obli que

angl e rel ati V78%™he i nconing beamin a refracted, PCLYSOTEIB Yy br oadened
beam segnent 76. Beam segnent 76 enters prism66 through a planar
receiving surface 78, 25 refracted andsthus angularly offset fromthe beam
propagation direction, preferably by t e sanme angl e of i nci dence a,

but in the opposite d| rection. An opposed exit surface 80 of prism 66

i s subst anti al ¥ith lasep&8)prefenabdy onerated risf the ™ M.hogde, Abea result, the
30 beam havibganb®es i wabesi®i lehergyl dsdrimitioncad amgecatdd in  t he sane
d}re(r:]tion eneg{dRs-ef 4AM rgelcgm,@ﬁ %Stﬁ’e %Qgg nd:.élﬁ%iné gnent 82. Sections
of shaped beamse r to t10n have el lipti cal
profiles as H%ﬁap-%%&'e& ‘B 'ﬁogﬁg i<'ﬁ"g§rb‘?| TS Fi gulroe 35
4B il lustrad es3t exhdbit fizcubar @FPﬁWﬁFetaﬁl ehcmt énermre 4B. beam 62 upstream
of the beam shapi nghaplases nddeldaased includésiRiveral spedewt ant, regardl ess

of the angle at,mhinchedts lectively@nadpifls bedm 62, t a
PCT/ US97/ 08328 or selectively'dnififg e Lo expand the ken. By

contrast, the RS dfr g fipst fifection %%y?‘rﬁ"e‘f‘t"f’c&%%é’ﬁ@ﬁ beam segment 82
exhibits the B\IbFéiaF‘FMlHaPnﬁhmeﬁei@fﬂﬂDitgﬂ dairectifn h axes ranging froma
m nor axi sid a"pé:qieamcmlameohtm zdesel dheseidompondttsbinehideah to t he pl ane

of Figure 3, a:?r i) Qédcf&d bemnsa%hsana ss" b;';aéeakepora nkhgndi@klzoNt al
di rection para i l'g;zttge eam p tl?l %ﬁ Prbis{“g| 163 BPHB°%'€§m§rgy distribution in

beam seg meh ussia Yiself is

br oadened in tﬂ‘éJ‘tﬁtF"éEFlWpﬁaﬁaﬁﬁreﬁ‘-’l‘%“aﬂ#@a%\‘q dilusratedsaty $8 shown in

Fi gure 4D. and 70 Pespectivélpnthat pemibeasimuthdaiae adfgtaenrtitary in
the sense gpat ofléaéhhsyim\agoweaﬁsms %&sen&mﬁaraw the pidel 86tiVve index
and thus refra %ldwrcal q%lt (&% grentmitsda%usgg rag’t e > S3Qe. ajpount or sane

angl e; and (2) I one ener% |n opposite
directions, soinei et'ﬁ’&t“s‘?fa Ipseh eRYIYHEPAD § R1ARAL FRERiIid9heam 62
upstream of t heusfeqgs 13 ei)mgdamms. Ghven fthatnorezeh?d |angle arapd essential is

advant ageous begalfBignhen®df ahf&pposee prlanar exit surface 74

20 substantially perpendicular to the refracted beam, the
beam emerges from prism 64 refracted and at an oblique
angle relative to the incoming beam in a refracted,
partially broadened beam segment 76. Beam segment 76
enters prism 66 through a planar receiving surface 78,

25 refracted and thus angularly offset from the beam
propagation direction, preferably by the same angle of
incidence o, but in the cpposite direction. An opposed
exit surface 80 of prism 66 is substantially
perpendicular to the refracted beam. As a result, the

30 beam, having been twice refracted and twice enlarged in
the same direction, emerges from prism 66 as a shaped
beam segment 82. Sections of shaped beam segment 82
perpendicular to propagation have elliptical profiles as
indicated in Figure 4C. The circular profile in Figure

35 4B illustrates the circular or axisymmetric nature of
beam 62 upstream of the beam shaping optics. The bean
diameter is constant, regardless of the angle at which it
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preserves the beam collimation and propagation factor Merr]. 20 (The

propagation factor Merr] describes the purity of the TEM err] node.
For a perfect Gaussian beam Merr] is equal to 1.) Azi rmtg
angl es of pris nd 66 can be adjusted t hrough ¢ nts 68 and 70
togchange t he ‘g‘r‘?é?é‘s'%of 25 incidence [err], and thus ch ﬁ%@gﬁ 28aspe_ct
ratio b/a of the shaped beam segnent. Through this adjustnent to the
prisnms it has been found practicable to-ijicrease the aspect ratio from
1 (circular profile) up to about 6. More particularly, the aspect ratio

of shaped beam 30 segnrrent 82, due to_ the wedged prisnms can be determ ned
by t he equatiSoffaken. By contrast, the non-cipgular, nen- here [err] is the

angl e of i nci derrdsymmetricsshaned| berk setmE&y: 8Reéxtdbiterthebot h prisns).
Beyond the beameahaptighloprofrile of fFigurengc, @iith &kes rangingveFr@es the beam

d defi f " 8 .4 ; ' d from M nosa
081 051 1006 17 aciRer s A6 AkdnOth the nopizontey, djyectidn ThE

PCT/ US97/ 083%s normai) at.goe t-heSfalane of Figure 3, to a ngajjgg or longb@%{;ﬁ;l

i npi ngenment ont d'Rlubskemiis the horbzantalFéirdctipntparallghb tieathe he el | ipti cal
shape and aspectplanki 6f (fighbe Neathe enegfidietr HiAWOnI ih Wedr € 4c. The

maj or and mi nor Snffez remdits ERGH1aRP%bu rlik% rghaed Ry, 4 g ol lowing
equations: 5 ( agerr = 4fMerr], )

nbl err] ( oadened in the directiqﬂ: ?¥1 Lgl4$$4 rpajor axis, as

naferr] 10 shown in Figure 4D.

Prisms 64 and 66 can be considered complementary in
the sense that (1) they have the same size, shape and
refractive index and thus refract incident coherent
energy by the same amount or same angle; and (2) they are

15 positioned to refract energy in opposite directions, so
that shaped beam segment 82 is parallel to beam 62
upstream of the shaping components. This feature while
not essential is advantageous because it most effectively
preserves the beam collimation and propagation factor MZ.

20 (The propagation factor M’ describes the purity of the
TEM,, mode. For a perfect Gaussian beam, M’ is equal to
1.}

Azimuth angles of prisms 64 and 66 can be adjusted
through components 68 and 70 to change the angles of

25 incidence a, and thus change the aspect ratic b/a of the
shaped beam segment. Through this adjustment to the
prisms it has been found practicable to increase the
aspect ratio from 1 (circular profile) up to about 6.
More particularly, the aspect ratio of shaped beanm

30 segment 82, due to the wedged prisms can be determined by
the eguation:

~b, = cosfarcsin(sin o/n)}
ay cos o
where o is the angle of incidence and n is the index of
35 refraction (both prisms).

Beyond the beam shaping optics, a focusing lens 84
converges the beam and defines a focal spot or area 86 of
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where af and b[err] are the respective mnor and major axes of 10 the
focal spot, f is the focal length, and [err] is the beam wavel engt h.
Thus, the shape of focal spot 86 is controlled by prisns 64 and 66 and
nor e specific‘ghl,{g . their azimuth angles, while the size of the focal
spot is cOReTBIPed by focusing lens 84 in conjuncti BRIVGIMPEBhe 15
prisnms, and of course in part by collimting optics 60. As -~
explained in the aforementioned U S. Rghent No. 5,062,021, U. S. Patent
No. 5,108,781, and International Publ i cati on No. WD 97/07931, which
docunents are i ncorporated herein by reference, the focusing of |aser
20 energy ontBedmdmpipgenant euks subsifatehsurfisiest 424 e FeFak spot causes

hi ghly | ocal i zed head tthagektiptieals shhpe aandAhspuptgbatio ofhehdradeani al

resolidifies rapetiah shbd anl ?ié?l-yef b€l Rhe majdihfid inglnoi'l &ud @eform eit her
arimor a nod e Mt h hi r _ener l evel s tending to result in rins
rather 25 thaﬁhﬁofd’\l%aéssp“ are eqzerﬁ?’bﬁfé@g%g\%i?wnﬁe HePGe a
texturing f®at Gfk formed usi ndedev88260, nanely a rim 88. Figures 6-8

illustrate the rimprofile fromthe top and #om two vertical sections
t hrough the rim perpendicular to one 30 another. As seen fromthese

views, rim 88 i§) el ongat ed or.elli ptE'= gal , having an aspect ratio b/a
of greater tharﬁ one. This aspgf:t"r s ' not necessarily proportional
to the aspect ratio of the beam and focal sp&s. However, there is a
correspondence, in that wthin practical 35 limts, the aspect ratio of

rima88 tends tgnéEragafifa W, ldkte the respective minor BhéHadxf 448 MemDsa

03/ 05/ 1999, 11: : 0e.. .14+ 97/ 430
PCT/ US97/ OééZBQRe%cg% Spotl, f is the focal We)ngth, g_né?}\ is the ibr?gfneases in the

beam and f ocal VepttengtBectT™hgy i the shaperafi £a¢al, sppt B dfigt hs (nmj or axis b)
are w thin thecontrgldedebyfpriabnsit646and aband wdenbpecifticéhly e preferably

10- 20 m crons) thids iGNV dhghes ( WnR0s thel 8idd dfNthd&oeall sgue 18f about
3-10 mcrons (ggﬁérﬂlgﬁeﬁj?mo\éuéiﬁg lens 84 in conjunction with the
15 prisms, and of course in part by collimating optics 60.
As explained in the aforementioned U.S. Patent No.
5,062,021, U.S. Patent No. 5,108,781, and International
Publication No. WO 97707931, which documents are
incorporated herein by reference, the focusing of laser
20 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 either a rim or a nodule, with
higher energy levels tending to result in rims rather
25 than nodules.
Figure 5 shows in perspective a texturing feature
formed using device 50, namely a rim 88. Figures 6-8
illustrate the rim profile from the top and from two
vertical sections through the rim perpendicular to one
30 another. As seen from these views, rim 88 is elongated
or elliptical, having an aspect ratio b/a of greater than
one. This aspect ratio is not necessarily proportional
to the aspect ratio of the beam and focal spot. However,
there is a correspondence, in that within practical
35 limits, the aspect ratio of rim 88 tends to increase with
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m crons). The rimaspect ratio should be at | east about 1.1, and at

nost about 10. More preferably, the aspect rati o ranges fromabout 2 to
about 6. In Figure 7, rim88 and its adjacent portion of 10
substrate dis shown in section along the vertic

containing m nl%vo(?@g%'g a. The profile in that plane at“%%’é@*’ﬁt lally the
sane as the profile resulting froma vertical plane taken through a
circular or axisymetric rimof thejsane height. A top edge 90 of the
rimis 15 curved iIIustrating a key difference from circular rins in
that the rim hei, IS ng ni form The sectloni\ viewin Figure 8
is al ong the vef ?’E"aﬁses “pﬁ?’ Snkeql, AP FACRY FRAYPASESTS TBE1%s conpared to

Figure 7, ofppitaldyporinm desgthis (hajari axds &)f are hiithiapathe f r om one 20
anot her, and theahddNctcabdutng tdQboat vars nidyensQhére pregedabryl hei ght

gradients. Rim gD, qqe, gy Swﬂngt}gﬁtwsﬁitns k&ﬂ%r“?gié‘ﬁrﬁﬂ'tﬁ{ls 92 of the

rim i.e. regions I nt ersect ed axl's e rimtop edge

sl opes dBwnFARE i9F BBYYF 4 ?%d‘tiF\S/ﬂ%s tBREP Pr&EFERPYe 45Rds 94 and 25 96 of
the rim i.e. rajgtoms)intTheszinaspeptitationphould be 4 Jeaghabouthe hei ght
is at its mnimim, HhdSat inbst abdﬁtguloe o6 ﬁ@fﬁ&&ﬁr&,t @hEi gapert’, all

features have A nodul e or bunp 98
formed by devi gg&g%o “"gﬁé% A 2op

own _i n v ith
correspondi ng top, gec’f‘fg"bﬁg 'éfﬁg'% %%?85 Vl in Figures
10- 12. 1@1\05“&%%#9 @h@‘ §éc§mﬁapwmiemgeam@nbas@w &heveentiical
pl anes through bhené cvhadainingemingrt Bxida.pr ohé Iprofdle in thafplandl

Come bl e, 248 bidlasyuid e BB B s B ond
incline froma F’?‘rﬁﬁ af thﬁ?“%é Eéﬁ‘f‘éra Fof* bﬂf?{ﬁyé%e

Printed from M #dmaeThessampobeights: Bstqpygdge PO. of the rim is \\O 97/ 43079
PCT/ US97/ 08388 curved, illustrating a key difference £idm circular rims

in that the rim height is non-uniform.
The sectional view in Figure 8 is along the vertical
plane containing major axis b. As compared to Figure 7,
oppesite portions of the rim are farther apart from one
20 another, and the rim sections themselves have more
gradual height gradients. Rim top edge 90 is highest
along medial regions 92 of the rim, i.e. regions
intersected by the minor axis. The rim top edge slopes
downward in both directions toward opposite ends 94 and
25 96 of the rim, i.e. regions intersected by the major
axis, where the height is at its minimum. Thus, in
Figure 8 as compared to Figure 7, all features have more
gradual inclines.
A nodule or bump 98 formed by device 50 is shown in
30 Dperspective in Figure 9, with corresponding top, end
sectional and side sectional views in Figures 10-12.
Once again, the sectional views are based on vertical
planes through the a and b axes with the profile in
Fiqure 11 comparable to a profile of a circular bump
35 having the same height, and the profile view in Figure 12
showing a substantially more gradual incline from a
maximum height at the center of bump 98.
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Maxi mum hei ghts for features like rim88 are typically in the range of
5-30 nm and maxi num nodul e or bunp heights also typically are in the
range of 5-30 nm More preferably, the maxi mum hei ghts range from 10-20

nm 5 %@/ﬁ;&g’ controlling individual rins and nodul es, devi ce 50
is used to provi’d®™ desired pattern or di stributi oPFHHSIVERBt ext uri ng

features throughout contact zone 32. One suitable pattern is a spiral,
formed by rotating substrate disk_3g-on a vertical axis at an 10

angul ar speed [err] (Figure 3) while at the sanme tinme noving the | aser
nodul e radially with respect to the disk. The _laser is pulsed to form

i ndi vi dual texturi Ng*ximum heights for Sfeatures likeorim@gures, for exanple at a
frequency in ttwpically aimyehefrange06-5-30, N0 andl sesimoer neaendr The
substrate 15 glixgKnbSghtd 3186 €ypiLAPW e i WhbaPhiye! bRESU30VRROCI LY,

for exanple abﬁ)ége §g§f BLSL P&l segonuolln. hT‘li’.l%Fdl sk nmoves _ §ont| nual |y
during texturing,. BUT TOr ptrposEe ofn Neighys SPMRI“*PRANRE PBr mati on can
be consi der®d st at Behend, contrefidngoindizidval avipe anghdpdulra.ati on of each

pul se, e.g. 20dewipeuso 7k msed to providelhedesixelt paktepatérern of rins 88 can
be seen in  afdtdybltich oehend RexBusHg R tutesCOY AgGhod® tdns4et EACh

rim88 is alig Lth Ats_moqh axis.. .a" the. radia direction (with
respect to thepos%b\sﬁhat%nedlsglk( ,%lgné&%etrﬁ %'}, ispgr?r%j 5? a%l sby" b" in the

ci rcunf er ent i a¥OtRtiBE $URFLrate digks3g angAnyeRtigpl AXiEnaRtatHN i s

speci fically cammpdarwspded o (Fifureehrohtidetdte thevemmentiné Wuyddg22 and di sk

16 relative thd Qag8f miu1BCFadiRdliy i withaFlapdddl tHEkRCaeLIEr alchens and

decel erations ﬁsg"hgﬁ%eggg%:%%ma?ﬁﬁﬁ&%i %§tg€%r£%ﬁ?aﬁ%gl erations

actually are due to ey are [IScussed in
terms of circuftihery 5iRs oF npfles, fox reé‘ﬁ%{&iaﬁgah%%?ﬂ“faﬁ%/%t‘i‘\/@?o t he

di sk.) The orixanag e§nl0,000-300,G09sp8Bses pér tsegend najTbe sydmtrabet he
circunferepdi adiisk is dotARid €0 fravidean suptashdhighéar vaveeady,e, because it

35 i ti t | | [ GNt Sl N 4t di ti f
positions Tﬁé‘r@é §9¢£ ?a%%b&f{‘;,n%@élg'ﬁer%«?%gﬁg Sl ai Bf moves di FeCtion o |

head travel. I S reduces_tuyrbu e es stictron and dynam c
friction, and D% H]é’“rg“g texturing, &yt EQF/gurposes of
PCT/ US97/ 08328individual feature formation can be consjidered statipmanyto have a

| ower flying haughio dhevéxtregely Short duration of each pulse, e.q.
20 about 70 ns.
The resulting pattern of rims 88 can be seen in
Figure 13, showing a segment of contact zone 32. Each
rim 88 is aligned with its minor axis "a" in the radial
direction (with respect to the substrate disk), and with
25 its major axis "b" in the circumferential direction.
This alignment or orientation is specifically chosen with
reference to the movement of head 22 and disk 16 relative
to one another, particularly during accelerations anad
decelerations of the head. (While accelerations ana
30 decelerations actually are due to disk rotation, they are
commonly discussed in terms of circular travel of the
transducing head relative to the disk.) The orientation
of rims 88 with their major axes in the circumferential
direction has been found highly favorable, because it
35 positions the most gradual rim height gradients in the
direction of head travel. This reduces turbulence,
reduces stiction and dynamic friction, and permits the
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The chart in Figure 14 shows the reduced dynam c friction. A plot 100
based on di sk 16 shows a dynam c friction coefficient of approximtely
0.6. A conparative 5 plot 102, based on circular or axisynmetric texturing
features, exhifhi substantially higher dynam c fricti or}wiz%ove 0.8
over nost of t‘ﬁ%&%‘%oo ccs (controlled start stop) E%Ysé" ge. _

A variety of alternative patterns can be used to 10 realize the above
advant ages, so long as the individual ss-texturing features are properly

aligned. Figure 15 shows an alternative pattern in which the |ocation
bet ween consecutive featyres 13;1( I S sybstanti al IR/ Fﬁduced. Adj acent
rims are connecPBf (0 BRAY® M dPYRR SAvipddisiobhpbovestis (igkio form a

substantial |y conti rileushaysi Anl Figuxekl4 showFHthe craduded dyoavigl i shed eit her
by increasing tpeidtaon. A plotliow) bhsed W aysk NFUERGWD at Ggnamigul ar speed of

t he substrakg; A9l cBLed1@int Y Q?ﬁlgxﬂ&%{élé( i°t' EXtW L araté{r@at ures can

be forned in_concentric rings rather ral, “or en stri buted
somewhat randonP¥e% H%Gug on °iﬁ?é‘1€f)rﬂra€i‘i§36‘ﬁ’€,tr§% YeFhRr Y t hey are

al i gned wit h théeatures, nexiibitscx substantially trifsber dyrahidi recti on.

Anot her i nprovegeiétiioh hbéve @JECivermbst BF She @0,000 dbsOUStiC energy at

t ransduci ng hea amg ag&i g mechani cal |y textured disks,
t he acoustic eng(r:%y g'fégd |é'en dguﬁﬁg?eotgfe;&%bout 100 nV. For disks with
cont act zones | g;f%éfPrf‘%?@l QF L ERPATLYS PRELFIIS can;i Ry NAed rhoc

texturing fa8turealizehshecaheye edvantpgesi sosiong aat the [ipdividuailgher, e. g.
about 200 nV. Byertugiagi seatureBomed iproperlys aBigned.t hrigurdi 15 shoues | aser
Foure 15, | oon BidRacive pabea R vk R Tt Tand

| andi ng, a subsf’gﬂ?ﬁ'céﬁti?’édﬁeﬁ%‘l"ﬁﬁs clgﬁ‘pggeﬂ“isga ?i@aggu%eﬁceg' | aser texturing,
and a favorabl eASH2GRNY T4RS tarengennasted| taonetanather Af theky #ndpgni fi cant
reducti on mst khi®ltgo ifersue substaritdalily camtengadepirdletraek.ng feature

hei ght gradi ent §,i8 can betmoﬁbifﬁ{éﬁo@iﬁieﬂ“ﬁgdﬁ.ﬂc&%ﬁging‘ #Ad issei kely to
al | ow firin frePrérpct edrg;&‘gcr;\ M fpsa_ 3{;)1,5/ 199%§J§1' 40: 54 page -17-
WD 97/ 43079 ing freguency, ng gular” speed of- g 308

substrate disk, or both. More generally, texturing
features can be formed in concentric rings rather than
20 spiral, or even distributed somewhat randomly throughout
the contact zone, so long as they are aligned with their
major axes in the circumferential direction.
Another improvement is the reduction in noise or
acoustic energy at transducing head takecff and landing.
25 For mechanically textured disks, the acoustic energy has
been found to be about 100 nV. For disks with contact
zones laser textured with circular or axisymmetric
texturing features, the acoustic energy is substantially
higher, e.g. about 200 mV. By comparison, magnetic disks
30 with landing zones laser textured with elliptical
features in end-to-end contact as shown in Figure 15,
exhibit acoustic energy of abut 70 mV at takeoff and
landing, a substantial reduction compared to previous
laser texturing, and a favorable comparison to mechanical
35 texturing. This significant reduction most likely is due
to the more gradual texturing feature height gradients in
the direction of head travel, and is likely to allow
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-16- | ower transducing head flying heights over the contact.
Figure 16 illustrates and alternative device 105 for formng the
texturing features, including a spindle 106 rotatably supporting a
substrate 10§, §%4 riage 110 and 5 a laser nodule 112 noved by the
carriage radi a1y t he spindl e and substrate. Laser{iy#se 112
I ncl udes a | aser 114 and collimating optics, a single wedged prism 116
for shaping the |aser beam 118, apgga focusing lens 120. Wi | e
wedged prism 116 is suitable for expanding the beam 10 in one direction
while leaving its direction constant in the other, there is |ess
flexibility ima¥“ernErysducing deadfiyingshriohts gyerstheigansagtch angul ar
adj ust nent of Pigwera 186illmsyrates ahdngterhstiregbievide nebremt i on) al so
g_hangeslt7 h_eI ?If&ﬂawm@ Ebha;ﬁhapf%&%aaz Phich béithd laes&fndmr L§én devi co 122
i gure i urther rnatlve laser texturing device
simlar to de\?otgé@égfxmaﬁuﬁy 2‘&9 & %‘ﬁ’@gﬁﬁ%ﬁ"%hﬁ “‘taﬁ'éi?)%eaﬁlagh%l’b ng optics
include 5 cya ila8er Bgdvlenils meyad hyqthe rargiage Fagialhe ofebped 20
prisnms. Downstmimdive|ants stBétradke. a Lemegenoduddi Us2 dihcludescar ¥agerr e t han t he
UESt rga[)n I ens.uihanavwblllaaaeﬁug?bsucs,_ Seﬂiﬁliﬁﬁwf&btea ﬁpigﬂ)mtabe& 5235 haL ?
shaped beam se n i ar . to.Lncident beam , bu
al so coaxi%ﬁ?’%\ﬂi?‘ee taﬁlgespgpaeﬁgb]é%doﬁg‘? e%g s%lnngaésﬁ?lt%%é, in 25 nost
respects devi dBi36 VedgRdepELsRJ164iR sudtabie AeEPRENding thgnbeal fficulty in
achi evi ng Jer fisrtonel diyrevgion ofhiflkeleavingcitis ddrectdlon] emsstantnin.er s of
Ithe' r cigzers,uﬂf& SLAGEE there {d Q%f)rﬁeﬁﬂﬁiﬁ% Qalrack&hgeaft ation. Furgger,
enses re.s pher i e ,on _conn,
st amat 1o (1SR4 Ll efleBe HEUER, dBeTIEH AL MARARRE IF, g
substanti al | y RrohS® &6 { (gt t9 Fhange the angle 98 FefracEion), 8189 | i mation and
propagat i on f achangel[ the jdirectionAPg khehebapesc bedm fxdsihg Ipet is | arger than
t he defrapddsmld |imit in the case of the cylindrical |enses, 35

certain texturin I e : i ng devi ce
19, B35 MAIRATY buf oo CORGLe 1ogl 10 dovice
8

97/ 43079 tex ring evice 122, similar to dev M%g@?%m
exception that the beam shaping optics include

cylindrical lenses 124 and 126 in lieu of the wedged

20 prisms. Downstream lens 126 has a larger radius of
curvature than the upstream lens. The two lenses are
centered on a common axis, so that a shaped beam segment
128 not only is parallel to incident beam 130, but alsec
coaxial. While this can be considered an advantage, in

25 most respects device 50 is preferred, due to the need for
and difficulty in achieving perfect alignment of the
cylindrical lenses in terms of their centers, distance
from one another and orientation. Further, lenses 124
and 126 are subject to spherical aberration coma,

30 astigmatism, field curvature, and distortion.
Accordingly, it is substantially more difficult in device
122 to preserve collimation and propagation factor M.
Also, because the focal spot is larger than the
defraction limit in the case of the cylindrical lenses,

35 certain texturing features are too small to bg formed
using device 122.

Figure 18 illustrates an alternative rim-like

D—
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-17- feature 132 forned for exanple using device 50. As an

extensi on of the non-uniform height of elliptical rins, It has been
found that by using a sufficiently |large aspect ratio, the feature

hei ght at the .je ends of 5 the ellipse can be nmade_n i bl e

effect form nv?:?&?ﬁdﬁ opposite end gaps 134 and 136, or ?Hg%"ﬁé’t“ words
form ng two el ongate generally crescent-like ridge sections

confronting one another, as indicated at;138 and 140 in Fi gure 18. 10
When properly aligned,. features 132 provi de the sane advant ages as rins
88 di scussed abgve, with a further advantage in that features 132 are

open and consi dEFIRE 132 formed far,exanplecBFing @Rvies HOnt . ASTHE reduced
tendency to extrnsipnnef dheahon-ainiféal helighte mifaatkiptdeaal hbns,

characteristicsit has been fougilil €nak9bj! ddisigr atﬁfffaciéﬁélk}eiaﬁéé ernative
texturing feat “Sﬁpe%iﬁrh&é he_hg%é’gt%ea&v%e%y k. ?P‘H%Fet?{b%%rrﬁgnpar ed to

rim88, feature furth I mum hei ght

regi ons 144 3retB®) UfAREE Fanohe Mdenpediivikie gt ﬁ%?e"cthﬁﬂﬂ@éﬁt &¥ed. Figure
20 il lustrates eppositem endigapsolii4 end4L36,Benciat lothée words pfaximihe, an arrow

148 i ndi cates two GlohyateRAbrRlly cresteneClii rahgdlistktiofation, i.e. the
opposite to theEonfroS‘x'tE ?téx&” f?étﬁe&a”e?é“i]%a?gat%%gt %Jaaagd 140'3g S! de

profile 25 exhiflts a atively stéeps nore gradual

sl ope 152. As bet®HE Bhe nmjor axis of the feature coinci des with the
circunferentPal di r ddenopropsiiay aligned, featkresilageprdvidehehedisaeet i on
shown, the headad@vdrtages aéﬂﬁﬁﬁﬂrﬁﬁl’d&s&mw&&@ agiet aSk@PEheld®2. Thus, the

30 benefits achigygea ¥, B4 48140l DIOREL! £l opefl &ﬁ“c'aﬁs%é‘eqrapégttexturi ng

features are ingrease ure,

irre

oriented with ref%&t é’ﬁ'c?ﬁet'%" %@gﬂlgﬁ&t"ap"‘eﬂl sk ’r'ﬁ?véﬁ%‘?ﬁeda
The asymmetry aSn¥xRpspaperial isakikedy 1t enbangshwesrd 35 by adj usting the

al i gnment amsl r ehaxtacterdstiatati on bet ween wedged prisns 64 and 66, and

focusing | ens 84. ngiy§uég}a@g§oJ %ggﬁezwgtigell_;&eziggesent i nvention,

Printed fromM gnst%rqg/goéea ure :I].'Alz z}g '?tile fogm of an irregular rim.

As compared to rim 88, feature 142 has a further
asymmetry, in that the maximum height regions 144 are

20 offset from the minor axis rather than centered. Figure
20 illustrates the rim side profile 146. Beneath the
profile, an arrow 148 indicates the circumferential
direction of disk rotation, i.e. the opposite to the
direction of transducing head "travel". The side profile

25 exhibits a relatively steep slope 150 and a more gradual
slope 152, As before, the major axis of the feature
coincides with the circumferential direction. When the
disk rotates in the direction shown, the head first
encounters the more gradual slope 152. Thus, the

30 benefits achieved by elongating and properly aligning the
texturing features are increased by forming an irregular
elongated feature, oriented with reference to head and
disk movement as shown.

The asymmetry as to slope in feature 142 is achieved

35 by adjusting the alignment and relative orientation

between wedged prisms 64 and 66, and focusing lens 84.
Thus in accordance with the present invention,
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- 18- magneti c data storage disks can be textured, particularly

t hroughout dedi cated head contact areas, for nore controlled

accel erations and decel erations of the head, reduced dynamc friction,
and i nproved V@& 43¢ nce to 5 wear. These advant ages aP¢EESIH®BARBt o a
process that affords nore control over the shape and orientation of

el ongated, elliptical or otherw se non- %XI symetric texturing features.
A hi gh degr ee of consistency is achieved in forni ng and al i gni ng
asymmetrical features. 10 These features have a uniformorientation
determ ned w t magneticctiet® rsberage tdisksdi ¢ac beotextired aAmpadttdewigarigad

accel erations aRdosifRitcaddicaRea Hdaa"BoheHctCaldid, for RRFEOr MANCe advant ages

'Cli'alrfl \C/fg\l 1|‘Vr50m t Q%n@,%flfﬁt E&%ﬁ.ez‘ations ]and m%te%ézsat(ilogg r@fi t'hg hearcrlégne tic data

R
st orage medi umFerResd, fypgmic f”?"ti‘m'réﬁ‘? |j1’F€ra"?f’ol’l'8Fé?ﬁa"€%eF‘by beam from a
sour ce t her &of weswar @msmtagﬁmlaaia sluggto rre@raresss dhdtcoherent ener gy
beam havi ng sulagieardd ok éditrbrdved’ the Ghaptl Ha eyiéma@ioansk having a -

{11t non- uni { QL NEISL B | & otnervie! SSEEBBARRATLNANI 19 0D [ o3

bet ween the source”an the beamto

provi de a shapé‘&"ﬁ%’é‘rﬁ%égmﬁesal o’hd‘l\%l ‘E?F‘?éc?? msé%eéwn k% ough the beam
segnent per pencicbiéved tio Bexwmbngr aphgdiguindhasywmatydcahtfieakbyess| | i pti cal
shapes def ijped thgsRefdandes Have FBjrAlforl (briefitdt fondaetecaines aiidnshaped beam

segrent. havi ng 2 SEERN bRl S oI bt SaBbAdAtE! Yellf 02der i the

di rection paralle 0 eam axi s an narrower in the
direction of tRERIFEA® 1885n?@<d§°e]eﬁ? (ij?'I’Fe'r\Fn"s’&a’%’ﬂ'ﬁé?a 9ally the same as
the first intersirforpanse pdvantages derived dxgmi the Brymmetyied- beam segnent to
i npi nge upon a sel enhsyl isueisRRaoisdi he storage nmediumat a plurality of

| ocations thereon, altering the topography of the selected surface at each
of said locations by formng a non-circular and el ongate texturing feature
having a major feature axis and a mnor feature axis, wherein the texturing
features are
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oriented with their major feature axes aligned substantially in a

Sard I ocating of the beam shapi {AIRIBIAIITE 51 oci no et Teast one

optical el emgRy @oﬁﬂe t he beam "and oti ehtihg * he opti(igzj,wg% t to
change the size % e beam in a first direction perpendicul’al to beam
propagati on while maintaining the beam substantially unchanged in size in

a second direction perpendicular to beapg-propagati on and perpendicular to
the first direction. 19 3. The process of claim1
wher ei n: said | ocating of the beam shaping optics includes placing
first and second optical elenents al oﬁbmf’ﬁ"e beam in spaced apart relation
t o one anot her, andleri énPragessafer glurfaee @@P‘F@aingelaemn%if:od@mand t he
beamin a fi rstatbrhg@tﬂae:ﬂiuﬁﬂﬁ@lddﬂd@r to beam propagation, while

mai nt ai ni ng the beam subgt-apt iy h%&ﬁ'&iﬁﬂ@%@rb{? St £+6m §ggp&d direction
per pendi cuI bea ropa gat i onﬁgpc dﬁg ndicul ar.,to the first direction.
[

4. The proce TPt ¢ Qé‘faﬁ 3 e qigge me dium; o onting the first
and se€cond optical el erg®cating ﬂvemsqtmngcpp@nesmnen the gowrssml enentary
fashi on, so thadnd ther storayepeegiiump nehdirepyg (dhaping theebé@mvobet ween t he

source and the dudvibech YiRBba B aef@aenﬁ&.@onﬂﬂﬁ; saBe bz ehke) Of the

h db ubst ant Th
e hedtiuan tie Tea3 iibeh g e BER PrSRERSi e PaRR R s are

wedged prisHs. selected mpn-cirqyarpsestdenabishapai A wher ei n: sai d
| ocating of the beam S hagusdng (thec soletiehh egnerge | bstas toeimyiingag t he fir st

and _second vedged, @ Lsfieah aiaakarid thbVeldiil diRatsh2n Shape and

refractive |nde cess .of cla|m5furthe i ncl udi ng:
rotat ably adj us? il tiﬁ’é %eé atml"ss ere8naﬁﬂ|;rf‘?l% tgng %%og(prf“ﬁm dence of
the coherent ePErtde B tﬁu‘ifé%e%tt epph 19fe spid skocakdonsM¥nd pri sns,

t hereby to =8l uStrmcing aspectirailar téxthlréng epeord.e amisegianting 8.
The process of ghaiadlign¥dif @eltures with major axes thereof aligned
substantially in a predetermined direction.
2. The process of claim 1 wherein:
said locating of the beam shaping optics
20 includes placing first and second wedged prisms along the
beam in spaced apart relation to one another, and
orienting each of the prisms to expand the beam in a
first direction perpendicular to beam propagation, while
maintaining the beam substantially unchanged in size in a
25 second direction perpendicular to beam propagation and
perpendicular to the first direction.
3. The process of claim 2 further including:
orienting the first and second prisms with
respect to one another in complementary fashion, sco that
30 a first propagation direction of the beam between the
source and the wedged prisms, and a second propagation
direction of the shaped beam segment, are substantially
the same.
4. The process of claim 3 wherein:
a5 said locating of the beam shaping optics
comprises selecting the first and second wedged prisms of
substantially the same size, shape and refractive index.
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said first optical elenent is a first cylindrical |ens and said second
optical el enent s a second ' | with the first cylindrical
| ens being nearer to the sourc%ﬂ'""!ﬂé’magﬂtd cylindrical |ens being
nearer to thgvstora e medi um an VILNgn r radius of curvature.
20 0”’““59 The process of claim1 further PCRYSEUSRS:

generating the cohe'rent energy beamto have a Gaussian first intensity
profile as it propagates toward the beagLshaping optics, whereby said

second intensity profile also is Gaussian. 10. The process of
claim1 wherein: sai d shapi ng of the beam conprises providing the
shaped beam segnent®-wi tTheapracgssc oL atain pr Hixther inelpding: 11, The

process of claim 10 wheratiatably adjustirie thearedgedspripme to gitexide in the

shaped beam segR@ningdBs a8 SnkideHdeOof tHe BondrdndCeMdr@PBEAn 4rikR about 6.
12. The procegs O t s a

f.claiml rein: . the orage ntdi u
rotatabl e di sk,é%e(ftsg\gd{ﬂﬁr ggg%%rarlﬁanse%“d’ldr BEYS"6n Frzerecli? rgﬁrﬁ‘démg tial with
respect to $heaBjagpect ratio of jthe shapgd heapsegmghtc| aim 1 furt her
i ncl udi ng: 6 .bef Thee pracesgliofeclaing 10fhdérdedncoher ent ener gy beam
polishing said sel ect edgsid 1868t ing0bonii8 sdk 08 REAngBAI LW YhET eby the
sel ected surface is substantial | anar a ecu} ar . 14. The
process of cl aFﬁ?"i@ \%gf’%‘ﬁﬁ‘?’af 1ehel Qﬁf‘ﬁe@ %?’Drﬁaﬁ‘%k%fs%gsﬂ WHEcircul ar
texturing feat BRAEGRpEP e ARGHRery with dhetLixet lens being leasmght e nodul e
pr ot rudi ngiabote theplsanecef anfctiecisecomtl leus flaing pearel] tptthewal rim
protrudi ng abokgoidtRe Redilth ad@thaiRgi & RirgePPAMRUsCoLTRUBVALddKE i dges

separated by gaps o3l HlEihollllS o craim 1 eurthdr idlfaRhgeess of claim 1
wher ei n: sai d cdusin of fﬁe shape eam seginent to i npinge upon
t he sel ected surface generating the coherent energy beam To have a

Gaussian intensity profile as it propagates toward the

15 beam shaping optics.

8. The prdcess of claim 7 wherein:
said shaping of the beam comprises providing a
shaped beam segment having an aspect ratio from about 1.1
to about 10.
20 9. The process of claim 7 wherein:
the beam is shaped to provide in the shaped
beam segment an aspect ratio in the range of about 2 to
about 6.
10. The process of claim 1 wherein:

25 the storage medium is a rotatable disk, and
said predetermined direction is circumferential with
respect to the disk.

11. The process of claim 1 further including:
before said directing of the coherent energy

30 beam, polishing said selected surface of the storage
medium whereby the selected surface is substantially
planar and specular.

12. The process of claim 11 wherein:
the forming of each non-circular texturing

35 feature comprises forming at least one of: an elongate
nodule protruding above a plane of the selected surface,
an elliptical rim protruding above the plane, and a pair

his Sheet Has Been Replaced
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further conprises focusing the beamonto the sel ected surface.
16. The process of claim ﬂ ng: adj usting the
orientation of a lens usedﬁ" mjﬂ ﬂmmumfg with respect to the beam

shapi ng optic ause a predet krnt ned asymretry in e
features. %099'9?% The process of claim1 wherein: ach'U%;mi’ggl d shapi ng

of the coherent energy beam i ncl udes expanding the beamin a first selected
di rection perpendicular to beam propagagi.on, while keeping the size of the

beam substantially the sane in a second directi on per pendi cul ar to the :
propagati on and to the first direction. . . The process of claim1l
wher ei n: of oRPESRLFEPREFYT LR rsiﬁaﬁ%(fegéﬁﬂ%deﬁ'ﬁeﬁpsc &ti npi nge upon

t he sel ect ed sukHedeeendscl udes nmi ntai ni ng the shaped bcam segnment
perpendi cul ar to thesselmet pebceissl o€ &ladm TeheRie substanti aI I y el liptical

| [radiation area of beargapLgaRE e WkOohliteRe! GRESY bl (8

19. The proces claim ansl atl ng the

st or age madlshm n?ﬁe %‘Wa%@%l éf&ﬁ*%‘%@ﬁﬁﬁ?"er gf"ﬁ?‘?%"f’ﬂpﬁ’rﬁfs anot her to nove
an irradi ati on tecusing d¥g bepmiontorthe)seiechedgsurgateum wherein said
directing of the COhQ[e%eemsbeﬁmlﬁﬂﬁtfﬂal’futﬂ@éﬂdﬁalmr@l ng the coherent

energy beam at a select uQ{:'irﬁ;eéﬂ r:?ztxeﬂ@atiad?xdofei e.‘lct;_;u;snlgsé;c1 RuL.se frequency

with respect to a speed 0 sai d path,

transl ati,on
such that succe®% °E‘Eﬁ‘§’§$ ¥ *rhrﬁgﬁ% e'&?&é%sﬁ’\?@”t“éﬂﬂfaf’gg f eat ur es
fornmed al oniP satel dsush. a predetermiped asmeeknmeessa@t of| said 1 wherein: the
magneti c data stextagesiedi um conprises a non-nagneti zabl e substrate, and

wherein the process §ur thgs piékdgddss: cla:m 1 whe eﬂ’?POS' ting a magnetizable
filmover the substrate at, a substa ckness wher eby t he

filmtends to replicate THE PR P f'%(?f X?’?Fé'eggb%rfefgﬁ’e T face, wherein
the sel ected su?‘?‘b?é’éeﬁse’a’@éﬁ‘h edmh dngy Hiirpkt eelected direction

22 15 perpendicular to beam propagatlon, while keeping the size
of the beam substantially the same in a second direction
perpendxcular to propagation and to the first direction.

16. The process of claim 1 wherein:
said causing of the ccherent energy beam to

20 impinge upon the selected surface includes maintaining
the shaped beam segment perpendicular to the selected
surface to define a non-circular irradiation area of beam
impingement onto the selected surface.

17. The process of claim 11 further including:

25 translating the storage medium and the shaped
beam segment relative to one another to move the
irradiation area along a path on the storage medium,
wherein said directing of the coherent energy beam
further_includes pulsing the coherent energy beam at a

30 selected pulse duration, and selecting a pulse frequency
with respect to a speed of irradiation area translation
along said path, such that successive pulses correspond
to successive texturing features formed along said path.

18. The process of claim 1 wherein the magnetic

35 data storage medium comprises a non-magnetizable
substrate, and wherein the process further includes:

depositing a magnetizable film over the
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21. The process of claim 20 further including: prior to depositing
the magneti zable film depositi il abl e netallic underl ayer on
the substrate at a generally unﬂmnmmlmnﬂﬁmgan\hereby t he magneti zabl e
filmwhen deg&%@hﬁﬂg over the substrate i & déposited di rectl onto the

non- magnet i z der | ayer. 22. The process ©%2%0 further

I ncl udi ng: form ng a non-nagneti zabl e cover | ayer over the -
magnetizable filmin a substantially ugsformthickness to provide an

exposed outer cover surface substantially replicating the topography of the
substrate surface A device for storing nmagnetic data,

i ncl udi ng: s“bs‘:r%t?rﬁg}nét ?‘tbﬁtéﬁﬁﬁlﬁg“ﬂﬁﬂrﬂnﬁﬂﬁﬂnﬁﬁ? egelYibstrat e body
formed of a ndrhe fidmyrksndsate aephieaticalthebpagramyerE sl e fi | m deposited

over the SUbSts&ﬁs&rbﬁK’)&u&Bdceﬁ%&i&fH itAk| YeldRtéd durERcd Risckness, said

magneti c recorgjrl}g &%hgﬁﬂs&ga substantially planar surface including
a contact region ag a te surface eni;qjgerrent with a magnetic data

transduci n@ head dﬁ?f ngPRcREPEESt PhriadR T SUEHMMTAPEHAIBE t he  transduci ng
head due to novenent ofpribe teagepesitingcthelimagnetsidiabire i fila, pr edet er ni ned

direction rel aidpégitond @nbﬁ-&ﬂfgﬂﬂﬁii&blﬁeﬁ&anmd underlayer oHl Al e el ongate
texturing feat %%r%eé rgetdF ﬁ glﬁquﬂggfmigmessgf d pr ot rudi ng
ahe ac o cO

above a nom nal surface p e cqn Iec?l vely define

a surface rdippagtizakie fhé‘“c’@ﬁf‘a@‘fp"fsé edPverthe SubstrateckBuring feat ures
havi ng a néj ordeposited idirectly emgo hthi meni-mmeamhbaenumarlaxes inits width
direction, and furgber dnvpheestsgbftiivnh 18 iflrthér NacOidinghar acteri zed by a

maxi mum hei ght region positely
away from the nmaxi mu %Eiuéni\ s nlggﬁmagﬁ%%gaﬁe féerl r%gg%ﬁe&q}eeng&ﬁ

direction toM??’\g&f) g e ‘P‘e’dh@eﬂ“‘??é’laﬁﬁ ]rlé'g}’%#f’ PEe*®nds of the
texturing feerayideagan texpoped Mutaricovepheurfaget substartinllyg features are
oriented wig h tdpliicatthd thaXEépogrhphy ¥ phe dRibetradecdusifadect i on.

23 LACENMENT
A device for stori netic data, includi R
SHEET 24, 2the devi co of clarn 23 v Tne e TS magnet i c

3
recording mediumis a r%f“gﬁgﬁ?’e" aleg%r d™¢ #%ﬁé‘f’é??n%ed direction is
ci rcunf er ent i asubgtrate dagiyc foxned RE %h@i@'magnetlza% matpriadesrde of claim
23 wherein: magnetiaabld itnrdepgsitced wves timy eubstrgitesbaityownda nom nal

plane in tHe rapgkantidPBMuniform in thickness, said storage medium
having a substantially planar surface including a contact
region adapted for surface engagement with a magnetic
data transducing head during accelerations and
decelerations of the transducing head due to movement of
25 the storage medium in a predetermined direction relative
to the transducing head; and
maltiple texturing features formed in the
storage medium surface and protruding above a nominal
surface plane of the contact region to collectively
30 define a surface roughness of the contact region, each of
the topographical features having a length greater than
its width and oriented with its length substantially in
said predetermined direction.
22. The device of claim 21 wherein:
35 said data storage medium is a rotatable disk
and said predetermined direction is circumferential with
respect to the disk.
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5-30 nm

| east one of t
substantial ly

predet erm ned direction.

26. The device of claim23 wherein: each of the

e dovice or i orm 33 wner o - |OEMNL BT 2ot res et voe

h ures sel ected from tthe ngreups consi s
W ridh

I ng_of :
cal rinms; elongate nodul es; and pai F‘Fs" '@Eﬁ‘ffrorjti ng,
crescent-like ridges spaced apart from one another to define gaps at
opposite ends thereof. 28. Thasdevice of claim 23 wherein:
each of the texturing features has an asymetry in height gradients in said

The device of claim 28 wherein:

.20 :
said asymetry is ched-acPee ide¥dce pis s1uin i2isvhayedss peing substantially

st eeper than
wher ei n:

t he secondaid desturing featurd. havihbeilgvtisc @ebove ¢hei m 29

nom$id X p38AONG théNQnge GPbbueBAot Amencounter the

t ransduci ng head bef.ﬁpﬁrjg_ bRE devist of %I:LQB?'ztlaﬂnerein: 31. The device of

claim 23 further includin

: a e
under| ayer dPsposed bet V\Egﬂ‘ e the fexrur ing, 589tuneg has @ depgighéti zanl e

I c, non-nagnetizabl e

film and havi ndeastubst &imémlits widther m t hi ckness.

_ _ 3225, MHe aRRAEAIIS chaim 122CORekdIG: and readi ng magnetic

data including the devi Cgaﬁ:{ t&&éﬁﬂx@few&e‘;%{é‘%ﬁ&&d Yizng:
ea neans

24

magneti ¢ data transduci,n

or supporting the

a

t ransduci ng hea&“?ﬁt%"*s‘@&é%t?&’eo?f 5P ¥PeBel ative to the recordi ng nedi um
for control 1*@d novendét FbeAawicetaf chaim @Sowbierainiedi umin a direction
substanti al |y perpendi culthe textubingrredtiisNineThddi sa¥dtaneiaBrd

means for novin

di recti on.

15

20

25

30

35

Qaltltﬂﬁt{@gn?iﬂxsc. recordi ng mediumin said predeterm ned

27. The device of claim 26 wherein:
each of the elliptical rims has a major axis in
the length direction and a minor axis in the width
direction, and has a gradient in its height from a
maximum height region intersected by the minor axis to a
minimum height region intersected by the major axis.
28. The device of claim 25 wherein:
each of the texturing features comprises
confronting, curved ridges that cooperate to define an
elliptical shape and are spaced apart from one another to
define gaps at opposite ends of the elliptical shape.
29. The device of claim 25 wherein:
the texturing features comprise elongated
nodules.
30. The device of claim 21 wherein:
each of the texturing features has an asymmetry
in height gradients in said predetermined direction.
31. The device of claim 30 wherein:
said asymmetry is characterized by a maximum
height region and first and second slopes away from the
medial region on opposite sides thereof, said first slope
being substantially steeper than the second.
32. The device of claim 31 wherein:
the second slope extends in said predetermined
direction, thus to encounter the head before the first
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slope.
33. The device of claim 21 further including:

10

15

20

a metallic, non-magnetizable underlayer between
the substrate and the magnetizable film, and having a
substantially uniform thickness.

34. The device of claim 21 further including:

a protective cover layer deposited on the
magnetizable f£ilm and having a substantially uniform
thickness.

35. An apparatus for recording and reading magnetic
data including the device of claim 21, and further
including:

a magnetic data transducing head;

means for supporting the transducing head in a
selected orientation relative to the recording medium,
and for controlled movement relative to the recording
medium in a direction substantially perpendicular to the
predeternined direction; and

means for moving the storage medium in said
predetermined direction.
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