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| NVENTION rel ates to an a nmet hod of | aser texturing nagnetic
recording disks and to a Bﬂgﬂ MMW
relates to texturing a la

t hereby. More specifically, it
a data zone of a rigid magnetic
recordi ng di sk having an al uni'%i%'m based ni ckel phosphorous substrate or a
gl ass substrate. Rigid nagnetic recording disks and hard di sk drives are
wel | known for use in sto;[l.lmﬂ Imumumnmmcorrpyt er systens. A hard disk drive
typically enpl oys one or i tatable on a central axis in
conbi nation with data transducessdeads positioned in close proximty to a
recordi ng surface of each disk. The heads nove generally radially with
respect to thejdiigks. ARUNPPARRERG AGDANG TWOD iFOR QRSN enGUMdata
transducer head is maintained at a controlled distance fromthe recording
surface and stfpFOEIEE FFCEREINGaPIed NP Be&liSKg FROUE I HERE Yat es. The
data transducer head contacts a so-called | anding zone of an associ ated
di sk surface whenever the disk is stationary, accelerated froma stop, and

decel erated before cofiidg dYVENIIEY. T&IRICGR tecardivmyadensist R siedmod
requires the tlryiingecheight \9fing dlgRelian$duesineadiilkk P RdNsed sk
Snoot h di sk and head surfaces are needed to acconmpdate the [ower flying
hei ght of thePHesddceFowdeaebyi-f Mogteh spre Ihéad 1dunf dde Tad@ ttve Yecor di ng
surface are oo, klat and saRelRg LigcPLeChsaamal chnel dihese s aces gi ves
rise to 2 9 AU G 2002 2 excessive stiction and friction during the start
up and st oppi AgJoktike rdicokdiThi sligksbageagr ani A 1ud nHedd bawedade ckedtact s
Lhe di sk surfaeesaachdenl aliydutkng .l eading ARl Liag operations.
Serious wear to the head and recording surface wll result which can
eventually lead to a head crash.

Rigid magnetic recording disks and hard disk

drives are well known for use in storing data in computer
systems. A hard disk drive typically employs one or more
disks rotatable on a central axis in combination with
data transducer heads positioned in close proximity to a
recording surface of each disk. The heads move generally
radially with respect to the disks. During reading and
writing operations the data transducer head is maintained
at a controlled distance from the recording surface and
supported on a so-called air bearing as the disk rotates.
The data transducer head contacts a so-called landing
zone of an associated disk surface whenever the disk is
stationary, accelerated from a stop, and decelerated

before coming to a stop.

A high recording density system requires the
flying height of a data transducer head to be minimised.
Smooth disk and head surfaces are needed to accommodate
the lower flying height of the head. However, if both the
head surface and the recording surface are too flat and

smooth, the precise match of these surfaces gives rise to



In order to circunvent this difficulty, the surfaces of nagnetiqépeﬁpsdgmg
di sks are often intentionally roughened to reduce the head/di sk i 0

and friction. A known magnetic recording disk conprises a rigid disk
substrate produced froma polished al unm niumdisk with a nickel-phosphorous
coating. The coating is polished to a substantially specular finish, for

whi ch the roughness is less than 2.5 nm The disk is then rotated between
two opposite pressure pads or rollers which support a cloth or paper coated
with silicon carbide (SiC) or other suitalite grit. The size of the grit is
predeterm ned to yield roughness peaks of about 20 nm 25 nm However, peaks
textured usi ngxltdhiss iRRCRanicgalont exidurmMgtieshiuGued end tsabe jwrgged have
sharp edges and are difficult to control in size. To mnimse the flying
hei ght of theSHEREINGhELdNE Gdivent ToH Sa ahe OFeEiSs dify tentedd ed
texturing netRsrirsRecentaldts GhReldil@X s aehniddes ] 1SUchdsinodi sing
and chem cal etching have been studi ed and reported. PCT/US93/ 03554 (VEIR,
R chard D. et T&RILNEhEECh HTLEAAY PRSEPEAONEn NOT 1IApFIMEPE29 Aditdd dses t he
texturing of the hardirdnzoRer ralephghar trezene, wofi cHagnet israr@erndiyng di sks
using a laser etching nethod. The textured annul ar stop/start zone has a

| aser - et ched legd-toagchzacl c¥ashr-cul ar pattern. The netal disk substrate
conprises an alumniumalloy, a titaniumalloy, or an austenitic stainless
steel having a thin-filmcoating selected fromthe group _consisting of
nitrides, carbides, ofNbEFEEs tOf CLIrCARVEMT zihrl@oﬁil%rﬁlqﬁléftmrurﬁhevanadi um
ni obi um tant ki, e QF Wiy Rl YDAeRUNGAH of UNGXkeRreUS fRatent No.
5,062,021 and No. 5,108,781 (Rajiv Y. Ranjan et al.) discloses a focused
pul sed | aser Baaentdensdilaciriovgingnegx tar irgglusgghdei demedidd s kBy tristtdtdmg t he
di sk while diregti l.sed Al ener er lLiyyited. perti f

radi us, an anﬁﬁﬁafggggggﬁédAlzﬁ ?Rg%gg%étggngeggrggbkeg}g%hgkﬁgh iéﬁgiises
mul tipl e indi viidddl digkesudsdtrateeReioduiceld & roaner @odédphessiadmmsitritgunded
by a circul ar jrais i - e depr. ioNns d i fo the
rinms are cont?é?ﬁe%qgﬁi%LPFP?egygﬁggg%oggﬁgr%ggggﬁ éerT%%léggﬁgg%%gsThe
shape of an i pdildislgdl tlagesubssentdnldy specuddrbyf indsyi,ndotrhe/higber beam
inclination wihh LeSBRGESLO 1L odissk hSUrhage, O ol aLdgr 13Cqhey the laser
repetition frequency in conbination wih disk rotational sSpeed controls the
pattern or arrangérenbegiveleaséwos pppes iVec bariscalret grigr iong roddievisques nake
L difficult Laseanirgldihe texture 5 pen Ihershane, ;ychhachp ques are
unsui tabl e for the cloSe coftrol of feXftre sise necessary to mnimse the
flyi ng hei ght chobidat dStiCansduoeheeads tablet gerinor &het Ise zpealds téreeat ed
usi ng such techniques d.t l.agged.a har.p S. This. can
result in fri%Fﬁgnggupﬁggﬁée%ggﬁgkwggngéeggag%éﬁg%gg ig%g% tgF %bﬁﬁghtity
of contact stép/ stmakt (@SSHowprkes weekl wekitucadseswear tofisbot h t he di sk
and the trans r._h . .The | r.t ring.techni ques . 2 UG 2002
3 control thelERrOrTAG STACaE SPRTGHEn eBh Bt astee * iy

t echni ques reguiare ehgetextdr amg dfi fifheudicsk comoatpoilntinbyipei.nt basi s.
Furt her nore bunp nor phol ogy may be unsuitable for the data zone of the
disk. It is an object of this invention to seek to provide a process to
texture a magnetic re@ordiingmdisek the #hiyéhgt heighte odndhembeblnesheof peaks
and i ndentatigns &n %getdi Kk are %ontroLI%q. Ehh% %%?e%?t%%%%rQ%bpr| to
reduce the f|§?¥8 ﬁglgﬁt Of & d3fa transducer “Réad, 8" ncriease rrecor di ng
density, and methopr dgendatastrgnsotuter headuandgdicekhweaueshasactherissti cs.
Anot her object of ..the invention.is tots§ek tg pr.o ide a %roce S Lo

sel ectively t 8RPAF&1Re 28R EHFRE CRSr ELGRIPNEAVEnEERT 25N WePECa dat a
transducer headpeoentact ca/dissk /S86bacewRtianeRerhatrdi ®.skat aanary,

accelerated froma sto n cel erated bef ar ing t.o a stop.canpletely
or the data zEﬁggﬁﬁg&éggagag§gﬁ?gﬁgdﬁgegohekg9§égg§b§nglﬁfﬁpg§sd§t5 over a
di sk surface. tBrtherant offexhdr lagdpagagener, s sape /gsad tf aobnkexiodri ng t he
data zone and the Ianding zgne. gne nor e ,obj ect _of th%s anenti?p isto
seek to provi B8IRCHFGCEESOF O "Pe St G Py Sa Pefat PVEFy CIr&Pge 9af 4 S  t he

whol e | andi ngTreneeusufgdaahhallapuksed/kaser heam has anlaseu-at dheat

pul sed | aser beam Accordingly, one aspect of the present invention

provi des an apparatus for |aser texturing an annular portion of a surface
of a magnetic recordi ng disk, which z s Auc 2002



5 apparatus conprises: a |laser for generating a pul sed | aser be?”& OA@%'
nmeans for expandi ng and honogeni sing the pul sed | aser beam and®optial 02
nmeans to focus and direct the expanded and honogeni sed beam onto the

annul ar portion of the surface of the magnetic recording disk to be
textured, the beam having a predeterm ned spot area at the surface of the
di sc, which spot area is of substantially the sanme size as the radial width
of the annular portion to be textured. A further aspect of the present

i nvention provides a nethod of texturing ah annular portion of a surface of
a magnetic recording disk, the method conprising the steps of: generating a
pul sed | aser keamudutrpyiat texpandiheg rend 1heiege siudisng attlke qouisdddsaser beam
and focusing and_dir.ect Eﬁapt he eﬁp%%ded ang&hom) eni_sed beam.qnto the

annul ar por i 6n BRTHRE Glrlce Toft RS R T Bofth RESGHER 16 be
textured, theshedmleas rgelpmeddirer @ ned nsfFdllmea tdhgt e 1stfear & rafm t he
di sc, which spot area is of .suhstantjally .the sane _size as the radial w dth
of “the- annul st o BooR C5T5 Aot e MArdter Sepbaegr te Hdd of

i nvention proviides iamyagietdcs ikasomdifnd uth, sk ahawving,a nswfiagg, at | east an
annul ar portion of which is texture E)y a |l aser texturing praocess, the
textured annult&PEEdMr o fPGOMERE JIOK YRAFIHG &TukiPesher-pPite HaUeR an® near
pe(rji odi ¢ fjext ﬁ{s@éﬁ_zl,rmzqr @e{? ma]E 5,he>890@s_ermaaij_ri\l;oeg¢.i garanrj&yl lé]g: ar.g Ireadi ! yh
under st ood, enhodinments thereof are now described, hy way of exanple, wt
reference to CHEAOEEFANVATY SEARGSET iR Skt Oram 19Ts Sgdect3gssY. 6 Figure

1 is a schematiek tdira@lpaMaenean cermkediane®y dotatliagerhleeXxtiwk RG1isyst em 5
Figure 2 is a schematic tqQp view of a magnetic recor,dl,r)Cg di sk and a data

transducer heéi&;relgit_d@rge @%%%&aéﬂraﬁ@@&gﬁaﬂvieé] ac!l&g‘:% §é’ctﬁo6ﬁd1°q_ @i ew of
the magnetic k@eordidnéisdi s ahnb1GW e eXit uFeaUn@ndiing a2onePtiagd i crograph
of a textured substrate conprising a nickel-phosphorous coating plated an a
rigid alumni draesk; TI’S PG €GB &Ss mélrlrtAPMe_i ﬁﬁ&évéfjuéllst}@s?terrat e before
texturing; Figuoes?(Rhdns vArAEMJeTRGR efepiie ssubstiateueliedo iy gure 5 (a)
after texturing; Figure 6 (a) is a line analysis fromthe AFM image shown
in Figure 5(apireglpirgaré sed Byin-s Tae deetanaly$he fepresisd oRsMAvage shown
l anlt gure 5(bheidnd BroWhHe 7ihd 3FORLNERL1Meer pehaRR 19 &yt @4lered gl ass
substrate.

power and laser pulse width. The shape of an individual

laser spot can be altered by varying the laser beam

inclination with respect to the disk surface. On a larger

scale, the laser repetition frequency in combination with

disk rotational speed controls the pattern or arrangement

of laser spots.

Mechanical texturing techniques make it difficult
to control the texture size. Therefore, such techniques
are unsuitable for the close control of texture size
necessary to minimise the flying height for data
transducer heads. Furthermore, the peaks created using
such techniques tend to be jagged and have sharp edges.
This can result in friction building up between a head
and a disk after a quantity of contact stop/start (CSS)
cycles which will cause wear of both the disk and the

transducer head. The laser texturing techniques can



30 2 9 AUG 2002 This invention relates to the selective textuaig%@z 6[8
magneti c recording disk using a flat pul sed | aser beam Its uni qﬁ é ,
Wi th respect to other reported | aser texturing techniques, is using a flat
pul sed | aser beamto texture a | arge spot area of several square
mllimetres or the whol e | anding zone of a magnetic recording disk,
including glass disks. It is suitable for texturing either the | anding zone
or the data zone with different texturing paraneters. In the foll ow ng
text, an apparatus and process for flat pused | aser beamtexturing a

| andi ng zone of a magnetic recording disk is explained in detail. Referring
to Figure |, a@odnaserl tdxt wrdxigirsiyst enzmzodyifagnt Bengertés erinticneent i on
conprises a puyl sed | aser v1\:/hi %h 1 s used to%ﬁ rate fl.at ptg scei{j | aser
beam and pref&"aBSy ra PUUised TASESH 17 i Sut S et 5 i 'the

ul traviol et rangg onhiacpodanelgngidints eisienglfn ralhsaioad byngdi sk substrates
and especially b l.ass substrates. .,A shutter IS cated in ath of
the | aser beaﬁﬁoﬁ&%lsoggpg}aé'bltbee t“&%l&a%q& tfod: 35?5 & 1288 Ogte;{%epThe f1 at
pul sed | aser bkeam.can be controlled automatically and quickly to satisfy
the requirenents of a continuous texturing process. The flat pul sed | aser
beam i s expanded and- h-onpbgeni sed by a beam expander and honobgeni ser 3 to
ensure that the beam profiid erhapjepit e tiiist AmRidnyt.iof Mo ls@fekd tics used to
direct the beamtq an optical system A split mrraqor beam sanpler, 5 directs
a portion of PREOVBEEM3 &8 ACESert &y Ife fe SBF 6 1o TREPHIITNS t?észﬁé'rlby
variation of thechl ahepulised dnsemdtdNels® FS We kst Sinst abidenitat 1B 1 at
pul sed | aser heam ~~, ~~1i _ g _is resized by a focusing lens 7. A
magneti ¢ recordi h§ediidie kg are ICOEEEEd 18 %r ddette S NEE dicdtahEd Pdldy % om t he

5 lens 7 on areeiakakhe $U3deP helhgtf @EUSI BG ta RS ains BRlGCRGd 0 d he
predet er mi ned .di stance chosen, such that the spot area of the beamat the

di sk 8 subst aRfF&PRyec&ECOLHdRds dea St rwiddch t6F 1R&E VNG zone. By

rotating the dirgks@uerrt heast ag@ %isk SRlaeCihwelartle@iluried annul ar 10
| andi ng zone is fornmed. Preferably, the spot area of the beamat the disk 8

is of the order of several square mllinmetres. The operation of the |aser
texturing system inchudich@ g RSt agennkentlonN Sl ldlei2,cd he laser
energy detector 6 and the rotatable stage 9, is controlled by a _controller
10. The contr 8Fpaidepa process to selectively texture the specular
portion, the landing zone where a data transducer head
contacts a disk surface whenever it is stationary,
accelerated from a stop, and decelerated before coming to
a stop completely or the data zone where a data
transducer head reads and writes data over a disk

surface. Different texturing parameters are used for

texturing the data zone and the landing zone.

One more object of this invention is to seek to
provide a process for texturing a relatively large area
or the whole landing zone using a flat pulsed laser beam,

or an annular flat pulsed laser beam.

Accordingly, one aspect of the present invention
provides an apparatus for laser texturing an annular

portion of a surface of a magnetic recording disk, which



is connected to a host computer 11 through an interface. In anot Bt AUG 2002
enbodi nent of a laser texturing system the 20 pulsed |laser is replaced
with a high energy pul sed | aser which is used to provide higher |aser
energy. The other conponents of this enbodi ment function and operate in a
simlar manner to that described in the previous enbodinent , in Figure 1.
As in the previous enbodinent in Figure 1, the 25 flat pulsed | aser beamis
expanded and honpgeni sed and is directed to an optical system conprising a
group of optical conponents, such as a pai¥ of circular prisns. The optical
system converts the incident flat pulsed | aser beaminto an annul ar fl at

beam which C@ﬁ@b&aﬂ:ﬂ% wWaaloe ilsardi B0 12ere dhbra g3deragnely @ gidlsawunt ed on
t he stage whic

is |located a predeterm ned di stance ~'S ~uc __ .q. away
fromthe opti CAPeSySEEm OH&Yfoofirist 6% tel’n‘e?aéﬁ&@igaranﬁemefnﬁglm%k i's
conpar abl e to0thie speleAneacy Peaw detdoyptieneamans he el eus
enbodi nent. The radial width of the annular beamon the disk is

subst ant i al | y diFecsaibeas PR desddipad Wogow Sg sefe PERTUICAL P IS @t athe

di sk to be texlyradn U thies stascd RE RUDPesY Rl i Hedal@atiorilyk means of
the rotatable stage is to ensure that uniform 10 nor phol ogy of the | anding

zone is obtai Red LeTrErfskhamics o adidie ¢ &ASIATE a6t Scdn 6 &' on
of the disks afe GenYeR Qrakrandials nelickhewdt A rkgurse ok

substantially the same size as the radial width of the

annular portion to be textured.

A further aspect of the present invention
provides a method of texturing an annular portion of a
surface of a magnetic recording disk, the method
comprising the steps of: generating a pulsed laser beam
output; expanding and homogenising the pulsed laser beam;
and focusing and directing the expanded and homogenised
beam onto the annular portion of the surface of the
magnetic recording disk to be textured, the beam having a
predetermined spot area at the surface of the disc, which
spot area is of substantially the same size as the radial

width of the annular portion to be textured.

Another aspect of the present invention provides
a magnetic recording disk having a surface, at least an
annular portion of which is textured by a laser texturing
process, the textured annular portion of the disk having

a uniform ripple-like and near periodic texture.

In order that the present invention may be more
readily understood, embodiments thereof are now
described, by way of example, with reference to the

accompanying drawings, in which:



15 Figure 3 shows an arrangenent of a magnetic recording disk 8 and a gﬁﬁ?
transducer head 16. The disk 8 is divided into two main regionsZ,%th@

zone 14 and the | anding zone 15. The landing zone 15 is an annul ar band on
an inner region of the disk 8 A data transducer head 16 is suspended 20 by
a suspension arm17. The arm 17 can nove in a radial direction across the
magneti c recording disk 8. The data t rdhsducer head 16 contacts the | andi ng
zone 15 whenever it is stationary. Wien the disk is accelerated froma
stop, an air bearing is generated between the disk 8 and the head 16, 25
and the head 16 is borne fromthe di sk surface. When the rotational speed
of the disk 8 reaches a required value and the flying height of the head
reaches a correspondingly desired value, the head is noved across the disk
surface in a rabyare dl reetd ovchemat Hestragrafaek on eHeodarantone 14. 30
When the disk 4 C h i ng height of the head decreases and

t he head ) %gigﬁLfég%%%fﬁ% % §ﬁéé{s the surface of the | anding zone 15.
It $s necessary to texture the |anding zone precisely for reducing both
stiction and frjction_ problens between the head 16 and the disk 8 and to

al l ow a reducet 9458 ng hei YnTCRIMI TS e 16Y P enAPRIBHC I Rcrease in the

recor di ngedefshiyg s @NahdPs QYSrREM rdRsfigddr il g; performance. It is also
necessary to slld%tly texture the data zone 14 to prevent the head 16

sticking on the data zone 14 accidentally during read-wite operations.

Figure 4 illustr n, en] ar [ S IO I of the
magneti c di sk %l€§P%igu}§ %? %ﬁ?%ﬁ&%%uﬁ%rﬁéggeﬁgg%%v£$ét¥%§¥%red by | aser
t exd uri ngvieehof gties readpocyl agréderptegedi sknvenkigure The di sk 8 conpri ses
a substrate 18 which can be a rigid alum niumdisk plated with a

ni ckel - phosphorous coating, a glass substrate or other suitable substrate.

Normal |y the texdyrding {s sndest pken RNcEhersybsLEal e dBrapdqt he succeedi ng
| ayers 19 replicate the texture. Alternatively, however, |aser texturing

mor phol ogyulesitrdiee f opmpdi inany sickebdbhgspagerus Suezetdd nglibgdrs 19

usual I'y include.aqdun erla¥er ﬁnd a magnetic recording |layer. A coating 20
i s formed dvari i stcvaba WY 458t s and the substrate and conprises a
presective |ayer of, for exanple, carbon, to increase the durability of the
magnetic recording disk 8. pulsed |laser with an output wavel ength in the

ul traviol et rahb@ire Prédbrabl 0 1RFMt HBage a0t | st Bt e eReLPFAg of this
system eégggﬁgiﬁ%;for gl ass substrates. The above-descri bed system has a
nunber of paranmeters which can be selected and controlled by the

Figure 5(b) is an AFM image of the substrate of

20 Figure 5 (a) after texturing;

Figure 6 (a) is a line analysis from the AFM image

shown in Figure 5(a);

25 Figure 6 (b) is a line analysis from the AFM image

shown in Figure 5(b); and

Figure 7 is an optical micrograph of a textured
glass substrate.

30



2 s au ~ 200z 11 controller 10 and the host conputer 11. The paraneters are
as follows: the repetition frequency and the fluence of the fIﬁﬂJgu[ ?@p

| aser beam generated fromthe pul sed laser 1, 12; the nunber of irrad ion
pul ses controlled by the on-off shutter 2; and the rotation speed of the
rotatable stage 9 which determ nes the norphology uniformty of the
textured zone. The | anding zone 15 of a magnetic recording disk 8 can be
textured under optinmal conditions depending on the type of disk and the
substrate, any coatings and succeedi ng | ayers. Under appropriately sel ected
conditions, when the | anding zone 15 area of a substrate (or a succeedi ng

layer) is irradiated bmlehqnbbaeleel&edak@%e&obeﬁelweueeth@e heer @xpRNded
and honogeni sed, a uniformtexturing norphology is forned_on the irradi ated

area due to tHérﬁn@éﬁpﬁﬁéﬁyrﬁé@é§lnﬁh€l§5IPéwpﬁgadﬁéﬂFn@§1§§ﬁoﬁ§ﬁﬁére the
effectlveneSSbeEmlaaee heamuleeiiutg , Mt keds capbedyitRd olhe et ed

i nventi on. gure 5 is an optical nlcrograph of a textured

ni ckel - phosphoPEes $aFHEd NEhitEFINg B68r ed SolSanAi §i d laltuliises didsier The

| aser used 'Sb@aﬁrEoe%%&%%&e|%Sﬁ%f@éﬂap%tw%%%%eggtEeQEr%48sQﬁbr% maxi num
repetition frequency of 30 Hz, a pulse wdth of 23 ns and a ‘maxi mum pul se
energy of 300M&dlimgEregser ftihgewbelandanHdénguvee 6f Padesnsiises are 283
mJ/cn2 and 80Q.k-83PR8GY Welsk, FhQui@ings Q@%St@%Ek%heIEG&EU%%Qt%%ﬂ%thQQY is
ripplelike and near-perrodrc the period bei ng about Vim ~ ~ G 2002
12 Figure 6(aFeB§uéﬁnAletﬁ§§et6ﬁ aaggingc &ope anﬁﬁﬁeﬁﬁ@aré@@ﬁdwﬁghdrsk 8
before texturyngrcFegyr @ Lkh)ihg LheAEMRge of the surface after
texturing in accordance with an enboglnent of the present invention. The

| aser fluence is 339 nmd/cn2 and the nunber of |aser pulses is 800 during
the texturing process gur e 4 ¢ uregn’g he 4 analyses
fromFigure 6(a) and &rgEre 6€bl%%é§§eggkge yn g@era%u%ong ugrgnséggn be
obt ai ned fromtphe fliafie pansle@sdaseRi beemy tekiiardnof acéaabitag rzexteunoing i s
smoot her tha”mggﬁ ﬁ%fQ & E%éh rig0g and %&gg%En%éllﬁtQEQaﬁﬁaks have been
renoved. This pful tor ducrng wear “between the magnetic recording
disk 8 and the data transducer head 16 and increasing the durability of the
hard di sk drive. Secondl ye oughne eak to
val l ey distance is 15ﬁ%§§5§3g§1 d%?%e pe?rog §§S§§ g@%%hrﬁﬁgrs %E%gfe
research has shbadytihgt thkepresghtiessvandipeakompriakkey duésadcéabﬁrthis
texturing techn nC ont.ral h C ce t he
nunber of Iasgrhggﬁseggaggfﬁ 3% § b%ga?é %0218? ﬂﬁg%d EE?O be ?g&tu?@g
This is a unrqmefaduamyagepwhseh abbewswatheducbumpumnWEW¢ﬂeggherght of the
dat a transducgE he? aVl%EaQIe he re org den% %x tQ b%r reased and
the read-wite per oOf nBnce hprove ure i §"an op

m crograph ofabsb@bédred qhaksssbb$taaEe aﬁheebaeenaéﬁplbyedlassa Kr F

exci mer | aser, uired_laser fluenc rmthis textur d r phol ogy
s much hrgher Pﬁan ?%at %enhr%ﬁea gbove§ Serﬁé if ?h eé%on%oFgg J/cn2. -
However, the 1QSEMrbdamnaphohegppeaabme tor médchyoonky gassnghe palsse.
Except 29 gU=: Z0QZ % for Qe ggggrl ke fgrna |ong &He ripple-like
pattern, the regllr t ARt tuPe irSTvery'sim fo that Bescrrﬁed above and
as shown in Fagtibmabically and quickly to satlsfy the requirements of

a continuous texturing process. The flat pulsed laser
beam 1s expanded and-homogenised by a beam expander and
homogeniser 3 to ensure that the beam profile has optimal
uniformity. A mirror 4 is used to direct the beam to an
optical system. A split mirror beam sampler 5 directs a
portion of the beam to a laser energy detector 6 to
monitor the energy variation of the flat pulsed laser

beam to ensure its stability. The flat pulsed laser beam



The above described exanple is to texture the |anding zone 15. Thi s29 Mﬂi;m‘
appar atus and nethod can al so be used to texture the data zone 14 using

| ower | aser fluence. The textured average roughness is about 1 nm the peak
to valley distance is 5-15 nmand the period is 2-10 Vim The roughness and
period of the textured surface in the |anding zone are | arger than those in
the data zone. In the above-nenti oned exanples, a KrF exciner |aser is used
as an ultraviolet pulse laser. Other tasers such as XeC exciner |asers
(wavel ength 308 nm, ArF exciner |asers (wavelength 193 nm, solid-state

| asers whi ch can produce honogeni sed flat pul se beans with nearinfra red
wavel engtis areshosd bvavel Bogidicgnl ehso7 bea usegné ol ct héSot@khdir i ng process.
The pul se w of the b%e]gm i s anot her li%%r]gortant factor in the control of
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the text #i$ ‘grb%e)s%c%?l cArPBRAGET BB R t O ARFUAERY opt PHaFP€ ext ur ed
mor phol ogyed o7 ViRt eveS: Subsis al e pBter i ghs, 6oL i AgS1@pd sycceeding layers
make up a particular nagnetic-recording disk. In addition, texturing
pr ocessessehduityd ngot hieheresedet ¢ rvemed ol st dooe reladsen pesuch sthat
nmoni tori ng by canmera. surface reflectiyit asur ement a | aser probe
or by aco%%?i%p VESSYeribr ﬁ?%&%@“l%&e&?n h%%dggﬂ‘?]?’%ié%n%%fg}’i ons. | 9
AU ti 200cdfrdsosnddrety, tidiew i@t Usf Nehdr DELSSnasonde kol tovapongffects
and advant ages. Wen the substrate surface or succeeding |layer in the

| andi ng Zohe dskhe Mt eoierd® ¥ nhgirleetvrby drartare® amreharncl udes a
meygl - based, g 5k p5n@ PLassehaged disk is irradiated by a honogeni sed flat

pul sed | aser beam preferably enploying an ultraviolet |aser, uniform
absorption of the |aser beamenergy in the irradiated zone results in a
tenperature ri 0 t%Pe effects_of thernmodynam cs

i odi

. . Du , h. .
bl el ke antaars & TRST E 0 hor desrt st 182 TRk e t3se of a

gl ass subst rehe, o 5QEE SHDHE Ve HONESq @4 Lo fRL NEthotrdHe ThEpbSetikeoRpadtern.
The averat%Ee roughness and peak to valley distance of the textured surface

can be conte ol 2RI biexRering sestenastrCiydibng etmdonlse@rlaseraber pul ses.
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beam This effect is . especially noticeable for disks havin | ass
oubst r at 615 THRTSTTRhRS AP PoakoTRNbal | by THEPUTR T niRRESE 2%t uri ng

techni que can be controlled by the incident |aser fluence and the nunber of
pul ses directed on the area to be textured. This feature is optimumto
sel ectively tekt RrROthRr | e dgrohectind 1deeHatexZoREna $hsem i ekt

rggess e hj [ cti in f1yi ej of a data
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textured surface is substantially, smooth which is hel pful in reducing wear
bet ween t HRIMGRRRYTRELT c© e%%li‘?@’ HRETBE ahidn ¢ hECH a0 t PRFERER e} head 16 and

for increashiat hRaseabtd i tNaOf ads bl di 8K €hd VErevious embodiment
in Figure 1. As in the previous embodiment in Figure 1, the
25 flat pulsed laser beam is expanded and homogenised and is
directed to an optical system, comprising a group of optical
components, such as a pair of circular prisms. The optical
system converts the incident flat pulsed laser beam into an
annular flat beam, which covers the whole landing zone of a
30 magnetic disk mounted on the stage which is located a

predetermined distance



density to be increased and to inprove the read-wite performance bhﬁﬁ 2002
di sk The textured surface is substantially snooth which is hel pful &) L
reduci ng wear between the nagnetic recording disk 8 and the data transducer
head 16 and for increasing the durability of a hard disk drive ~J~ AUG
2002 -16 CLAIMS 1. An apparatus for |laser texturing an annular portion of a
surface of a magnetic recording disk, which 5 apparatus conprises: a |aser

(1) for generating a pul sed | aser beamdutput ; neans (3) for expandi ng and
honogeni sing the pul sed | aser beam and 1o optical neans (4) to focus and

di rect the expanded and honopgeni sed beam onto the annul ar portion of the
surface odwashef magndte copteicor disyp thsk The biodtexatinmtedy £ ttlee beam havi ng a

det er i ned. spot t, the, surf f the. disc, which spot is 15
of subst aMT&HTy THE" sae-BF /L85 TR PHRREIOOF aEh BFt e AnREFar porti on

to e texpusedded. b PNt BPNGE&@h UBn aCEOT B &1 be@s ChabsiimeMberend saghytter (2)
is provided in the path of the beamand is 20 operable to pass or to block
t he beam ¥ideh def e comtibir theamupbethefdiaket s peahspanseal iy rekeéed onto

t he surf o) Xpuged, 3 p t r}g' ; im 1 2,
wherein Z%gf?%ea%iets gi sélarm%nt eﬁd% ?r%%t%@?‘?gga %P\?bijgt%g’%%%i gglfel ative
rot ati onato nio¢ i textetewenIn hehis skasead the pasposbeafn dislkectetatberneon.

by means of the rotatable stage is to ensure that uniform

10 morphology of the landing zone is obtained.

The mechanisms for disk clamping and for transportation

of the disks are conventional and are not shown in Figure 1.

15 Figure 3 shows an arrangement of a magnetic recording
disk 8 and a data transducer head 16. The disk 8 is divided
into two main regions, the data zone 14 and the landing zone
15. The landing zone 15 is an annular band on an inner
region of the disk 8. A data transducer head 16 is suspended

20 by a suspension arm 17. The arm 17 can move in a radial
direction across the magnetic recording disk 8. The data
transducer head 16 contacts the landing zone 15 whenever it
is stationary. When the disk is accelerated from a stop, an
alr bearing is generated between the disk 8 and the head 16,

25 and the head 16 is borne from the disk surface. When the
rotational speed of the disk 8 reaches a required value
and the flying height of the head reaches a correspondingly
desired value, the head is moved across the disk surface in
a radial direction to a desired track on the data zone 14.

30 When the disk is decelerated, the flying height of the head

decreases and the head 16



2 9 AUG 2002 -17 4. An apparatus according to any preceding cl ai 4 9wAdb 2082
nmeans are provided to nonitor the energy level of the | aser beam 5 5. An
apparatus according to any preceding claim wherein a controller (10) is
provided to control one or nore the foll ow ng paraneters of the apparatus:
the | aser fluence; the nunber of irradiating | aser pulses applied to the
region to be textured; the rotation speed of the to disk with respect to
the | aser beam and the size of the spot area. 6. An apparatus according to
any preceding claim wherein the opticalOmeans (4) conprises nmeans to
produce a 15 focused fan-shaped beam or a focused annul ar beam the spot
area conpri si pgnthetsoahpr ismir fatet bé beéamlanhdtiing gsonkadé . oﬂtthe di sk, the

radial width of the _beam at the surfac of the di sk beln ubstantlally
the sane size 8S°ChE Vadial SHdER 5& 23 g|5oneopgﬁgﬁ t 3 “20 textured.
7. A net hod ofretiextingi bgtansaictian podtﬁmncmhoa @mbbaemsobeaw@&@nammc

recordi ng dIS% th%6netgoghconprlsg %8 gen|5|s O%héggﬁﬁéedfﬁggiﬁpU|sed

| aser beam 2568 put exp g an beam and
focusi ng and dedgtti od the axpendédtandnhbiegen sedrbeam dnt ahkhe annul ar
portion of the surface etic.recordinnglsk to be t xtured t he

f th
Donm having a 5roaeeoP teBg eyt 88 APPERYCEAPF ol SFoERETdTRe . whi ch

performance. It is also necessary to slightly texture the
data zone 14 to prevent the head 16 sticking on the data

zone 14 accidentally during read-write operations.

Figure 4 illustrates an enlarged partial cross-
sectional view of the magnetic disk 8 of Figure 3, which
would be selectively textured by laser texturing )
techniques embodying the present invention. The disk 8
comprises a substrate 18 which can be a rigid aluminium
disk plated with a nickel-phosphorous coating, a glass
substrate or other suitable substrate. Normally the
texturing is undertaken on the substrate 18 and the
succeeding layers 19 replicate the texture.
Alternatively, however, laser texturing morphology can be
formed on any succeeding layer. Succeeding layers 19
usually include an underlayer and a magnetic recording
layer. A coating 20 is formed over the succeeding layers
and the substrate and comprises a protective layer of,
for erample, carbon, to increase the durability of the
magnetic recording disk 8. A_pulsed laser with an output
wavelength in the ultraviolet range is preferable for the
flat laser beam texturing of this system, especially for

glass substrates.

The above-described system has a number of

parameters which can be selected and controlled by the



30 spot area is of substantially the sane size as the radi al ygtcwf bge
annul ar portion to be textured. 2 9 AU6 2002 -18 8. A netho #0G to

Claim 7 including the step of blocking or passing the beamby a shutter in’
order to control the nunber of |aser beam pul ses directed onto the surface
to be textured. 5 9. A nmethod according to Claim?7 or 8 including the step
of rotating the disk relative to the |aser beamdirected thereon. 10 10. A
met hod according to Caim9, wherein rotation of the disk with respect to
the | aser beam causes the spot area of théllaser beamto irradiate
substantially all of the annular portion of the dish to be textured. 15 11.
A net hod accocdhmgouaeanyooaado&helab@& th@ui@riﬂQIUGthphh%m&téﬁsOf
nonitoring the ener of the | aser .bea o] rding to

I

g% lﬁ W L n E‘ n g %_aC%g
any one of O &Ffs? t8HPYE6 ThEl G&PK lFﬁ@ éSqBF Egn?P Pfig TOHENSF mor e
of the foll owbtigtpar &gnreteps 1ekdt hasappaeanugenthatebdasebmf kuengel sed

laser 1, 12; the number of irradiation pulses controlled
by the on-off shutter 2; and the rotation speed of the
rotatable stage 9 which determines the morphology
uniformity of the textured zone. The landing zone 15 of a
magnetic recording disk 8 can be textured under optimal
conditions depending on the type of disk and the

substrate, any coatings and succeeding layers.

Under appropriately selected conditions, when the
landing zone 15 area of a substrate (or a succeeding
layer) is irradiated by the flat pulsed laser beam which
has been expanded and homogenised, a uniform texturing
morphology is formed on the irradiated area due to

thermocapillary waves.

The following drawings demonstrate the
effectiveness of laser beam texturing methods embodying

the present invention.

Figure 5 is an optical micrograph of a textured
nickel-phosphorous surface which is coated on a rigid
aluminium disk. The laser used is a KrF excimer laser
with a wavelength of 248 nm, a_maximum repetition
frequency of 30 Hz, a pulse width of 23 ns and a maximum
pulse energy of 300 mJ. The laser fluence and the number
of laser pulses are 283 mJ/cm® and 800 respectively.

Figure 5 shows that the textured morphology is ripple-

like and near-periodic, the period being about 8 pm.



the nunber of irradiating | aser pulses applied to the region to be
textured; the rotation speed of the disk with respect to the | aser beam
and the size of the spot 25 area, the average roughness and t @& pdbk 2062
val | ey distance of the surface of the region to be textured being
controlled by the laser fluence and the nunber of irradiating |aser pulses
applied to the region to be textured. 30 13. A nethod according to any one
of Clainms 7 to 12, wherein the pul sed | aser beamis focused and directed

| 9 AU G 2002 -19 into a fan-shaped beam d2 an annul ar beam the spot area
conprising the footprint of the beamat the surface of the disk, the radial

width of the beam at theuser baee 9k kheadtivskmbgengfoh sukshast bal by the
sanme size as the 5 radial width of the annular portion to _be textured. 14.

A method accoPdPRELEE aRGOSHENG! APk fisPPLPge18eXiHELBEN FREVARNGIRY

portion of thessuntagemoiimkbe eRgReLi cuk¢aeedbmgcdi skxeamrRhyses the |anding
zone or the 1o data zone of the disk. 15. A magnetic recording di. sk having

a surface, at2Feagflagfeakrtharp6FPPERMERtwRIEcRNPsPEEREDFed BF &1 Rser

texturing progess)akhe trexturedianndbanspenti fAqofns heurkSedi K Nayépg a
uniformripple-like and near periodic texture. 16. A disk according to

Cl ai m 15, whePEilgefhésSaflPageribdghhes$cst UEFRedt BXCGRES | andi ng zone is in
t he region

Figure 7(a) and Figure 7(b) are the line analyses
from Figure 6(a) and Figure 6(b) respectively. Several
conclusions can be obtained from the line analyses.
Firstly, the surface after texturing is smoother than
that before texturing and almost all steep peaks have

- been removed. This is helpful for reducing wear between
the magnetic recording disk 8 and the data transducer
head 16 and increasing the durability of the hard disk
drive. Secondly, the average roughness is about 3 nm, the

peak to valley distance is 15 nm-25 nm and the period is

5-25 pm. Furthermore, research has shown that the
roughness and peak to valley distance in this texturing
technique can be controlled by the incident laser fluence
and the number of laser pulses applied to the region of
the disk to be textured. This is a unique advantage which
allows a reduction in flying height of the data
transducer head to enable the recording density to be
increased and the read-write performance to be improved.
Figure 8 is an optical micrograph of a textured
glass substrate. The laser employed is a KrF excimer
laser. The required laser fluence to form this textured
morphology is much higher than that mentioned above,
being in the region of 8 J/cm?*. However, the textured

morphology can be formed by only a single pulse. Except



20 of 3 nmand the average roughness of the textured data zond BsAib 2082
region of 1 nm 17. A disk according to Caim115 or 16, wherein the peak to
val l ey distance of the ripples in the landing 25 zone is in the region of
15 to 25 nmand the peak to valley distance of the ripples in the data zone
isinthe region of 5to 15 nm 18. A disk according to any one of Cains
15 to 17, 30 wherein the disk (8) conprises a substrate (18), the substrate
of the disk having been textured by the | aser texturing process. 9 AUG
2D0 -20 19. A disk according to C aim 18,1%herein one or nore succeedi ng

| ayers (19) are provided on the substrate (18), the substrate being

textured. 5 26orAsdinskdaseordkBgrbomét abAs18n wher el ppdBel @kenNphetern,
succeedi ng | ayers are_provided on the substrate, one or

of the
succeedi ng | afBEsTBENhGAPEXEGFEHI S| HS21SL A aﬁgklﬁEcBPdFH@tt§e§ﬁ§lgﬁ8 of

G ainme 18 to Z20pov¥hehei Bsaspeahi i F$ghkevikded on the disk, the coating
being textured. 22. A disk according to any one of Clains 18 to 21, 15

wherein the substrate is a nmetal substrate. 23. A disk according to Claim

22, wherein the substtgteabsval 4BEBLUBLd20x3fp18 d5SkoacentdirBgrhe any one
of Cains 18 to 21, wherein the substrate is a glass substrate.' 25. A disk

according to 4npdeRe BPNEl APrsTRESt BPPAraGHEr 8N PREDREr FBA PﬁSPhEelandlng

zone is in thﬁsésgtgntgﬁteie5tﬁé garandohbe1penkodgi Mol/Be datarzone is in
the region of 2-10 Vim 26. A disk according to any one of Clains 16 to 25,

wherein the uﬁiﬁ@ﬁﬁ?rlEbﬁetﬁﬁkéraﬁdagaﬁéﬁﬁnfpéghQG39 per fBAPE teRPure is
suppl ement ed pycapphirabi ¥10E8,damet bkl 95MBLESNNM and the period is

2-10 pm. The roughness and period of the textured surface
in the landing zone are larger than those in the data

zone.

In the above-mentioned examples, a KrF excimer
laser is used as an ultraviolet pulse laser. Other lasers
such as XeCl excimer lasers (wavelength 308 nm), ArF
excimer lasers (wavelength 193 nm), solid-state lasers
which can produce homogenised flat pulse beams with near-
infra red wavelength or short wavelength can also be used

for this texturing process.

The pulse width of the beam is another important
factor in the control of the texturing process and can be
selected to provide an optimal textured morphology for
whatever substrate materials, coatings and succeeding

layers make up a particular magnetic—recording disk.

In addition, texturing processes embodying the
present invention allow real-time in-situ monitoring by
CCD camera, surface reflectivity measurement by a laser
probe or by acoustic waves generated by laser-induced

surface vibrations.



.AA A YR Auly. AY. ASR A E . Al 2. AE . ASF . A. An. A. An?. AAR Al uy/ . ASARURSAI0A | . Aa
DxXYhH4

vx{vql gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] cal] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] c<a] cTa] c*a! x3

I #y{ EF}, {vql fa\ W c$a] ca] ca] c™a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] cal] ca] caU] ca] ca]ca]ca]ca]ca]cal,.O\
I"1&tIvI 14" QR " " J###EPSS* $7$8%

&&7)9)**}xsni d_Y] U] ca] ca] ca] ca] ca] ca] ca] cafca] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca
] ca] ca] ca] ca] ca] ca] c"a] ca] ca] ca] ca] ca] ca] cal *****+++6+p++8, -

-&c--.G .6//_0y0{0000k111112| wmhc”~Y]] ca] ca] ca] ca] ca] ca] ca] ca] c<al] c<a] ca]
ca] ca] ca] ca] ca] ca] ca] ¢ca] ca] ca] ca] cal cal ca]calca] ca] ca] ca] ca] cal 2K2253r 3Z
CabraLoaloalcal cal cal ¢l cakaakg) eabealeel el gapeataglophaalae

, _<<<<<<?=A==z3lwowhagdYkfeatea] anlicalicaheapesal] c"a] c"a] ca] ca] ca] ca] ca] ca] ¢
a)J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca] ca! >@QEuI@orACAIAAAl BzB} BZ
[ CCCr FsFGGEEGEG

Hi—IHHi—IoI j1} Xisni d_Z} 1] caiwgahcahe” a}hsateakéabgaygabcakcah@@]a@aliﬁ@] calea] gal cac
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal , _
JJIKKeKf KKKRLER/RN%’RA“F%IN;Q@D%E%R@S&"F FATYFRTFPTSTOf xEn"a92Ff L €aFeSPES[8E] ca] ¢
a] ca] ca] ca] caheakcaheahcahealeakcal matealsakeal aakkabeahcgheakcahealcal cal ¢
a] ca] ca! L+U?UPUx UUUUUWV! VGV V) VnV} VWTIWKYYZZSZ2722727277

[[[|wwnhcAY]]ééfEa}Ea}EéfééfE%ch%ca]EQT@%FE%F@Q]ééfEaPEéE?@a}ééFéa]ca]ca]c
g]Sgnga] ca] capeah¢apeakeahpal cahpabgahhl whVhi12400828:* 1asér! GnRformf axaaa
cpcqeve| w mhc2NFPERF P caf chleal 2apEaPeaNcareAPal Bal B8] AT 28]} 85F6a] ca] calU
ca] ca] ca] ca] capgal cakcatsal rahcabmpbeal gatvededpdydddddderenekeeet BgsR3hhi |
J 1 DkFkk™ 'l mmmmi xsni d_Z] ] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c ,
a] ca] ca] ca] cafearrafrarratea] eaprapeh] aPeafcal k] 8afical ca] ca] ca] ca! m#mnnn

dddeSeneIeeefE@gbB?QkibhEkFK&&E&E@HﬂM&f?H5@a§ ]1ealealcalgal gal cakgalgal cal
calc aJca]ca]ca]ca]ca]ca]ca]lca]ca]ca]ca]ca]ca]calca]lca]ca]ca]ca]ca]calca
Dxi H &@ 10965& @3a¥§y substrate, some smooth domes are formed on the

1096& () - OL109B& () - 1Op& %%t@@%ﬁ&' tha &é@%@ég@ rGRERRL 9T #1Q965& () - S&9' 10%
& ()-@"- 10%& ()-&LT10%& ()-&910%& () - @ &9-
1098 () - g4~ @S310UB&vE}lgy1disRaye M 1DDBLEEXtuLEd 305fa0896an be

10@5&f()'!q&lgéggﬁéfiéa'by the incident laser fluence and number of

laser pulses.

Further, embodiments of the invention have the
following effects and advantages. High speed texturing is
possible since a relatively large area of the disk is
irradiated by a high energy homogenised flat pulsed laser
beam. This effect is especially noticeable for disks
having a glass substrate. The roughness and
peak to valley distance in this texturing technique can
be controlled by the incident laser fluence and the
number of pulses directed on the area to be textured.
This feature is optimum to selectively texture the
landing zone and the data zone with different process
parameters. This allows a reduction in the flying height

of a data transducer head 16 to enable the recording
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density to be increased and to improve the read-write
performance of the disk. The textured surface 1is
substantially smooth which is helpful in reducing wear
between the magnetic recording disk 8 and the data
transducer head 16 and for increasing the durability of a

hard disk drive.
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1. An apparatus for laser texturing an annular
portion of a surface of a magnetic recording disk, which
5 apparatus comprises:
a laser (1) for generating a pulsed laser beam
output ;
means (3) for expanding and homogenising the
pulsed laser beam; and
10 optical means (4) to focus and direct the
expanded and homogenised beam onto the annular
portion of the surface of the magnetic recording disk
to be textured, the beam having a predetermined spot
area at the surface of the disc, which spot area is

15 of substantially the same size as the radial width of

the annular portion to be textured.

2. An apparatus according to Claim 1, wherein a
shutter (2) is provided in the path of the beam and is

20 operable to pass or to block the beam in order to control
the number of laser beam pulses directed onto the surface

to be textured.

3. An apparatus according to Claim 1 or 2, wherein
25 the disk is mounted on a rotatable stage (9) to provide
relative rotational motion between the disk and the laser

beam directed thereon.
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wherein means are provided to monitor the energy level of

the laser beam.

5 5. An apparatus according to any preceding claim,
wherein a controller (10) is provided to control one or more
the following parameters of the apparatus: the laser
fluence; the number of irradiating laser pulses applied
to the region to be textured; the rotation speed of the

10 disk with respect to the laser beam; and the size of the

spot area.

6. An apparatus according to any preceding claim,
wherein the optical means (4) comprises means to produce a

15 focused fan-shaped beam or a focused annular beam, the
spot area comprising the footprint of the beam at the
surface of the disk, the radial width of the beam at the
surface of the disk being of substantially the same size
as the radial width of the annular portion to be

20 textured.

7. A method of texturing an annular portion of a
surface of a magnetic recording disk, the method
comprising the steps of: generating a pulsed laser beam
25 output; expanding and homogenising the pulsed laser beam;
and focusing and directing the expanded and homogenised
beam onto the annular portion of the surface of the
magnetic recording disk to be textured, the beam having a
predetermined spot area at the surface of the disc, which
30 spot area is of substantially the same size as the radial

width of the annular portion to be textured.
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of blocking or passing the beam by a shutter in order to
control the number of laser beam pulses directed onto the

surface to be textured.

9. A method according to Claim 7 or 8 including the
step of rotating the disk relative to the laser beam

directed thereon.

10 10. A method according to Claim 9, wherein rotation
of the disk with respect to the laser beam causes the
spot area of the laser beam to irradiate substantially

all of the annular portion of the disk to be textured.

15 11. A method according to any one of Claims 7 to 10
including the step of monitoring the energy level of the

laser beam.

12. A method according to any one of Claims 7 to II

20 including the step of controlling one or more of the
following parameters of the apparatus: the 'laser fluence;
the number of irradiating laser pulses applied to the
region to be textured; the rotation speed of the disk
with respect to the laser beam; and the size of the spot

25 area, the average roughness and the peak to valley
distance of the surface of the regiomr to be textured
being controlled by the laser fluence and the number of
irradiating laser pulses applied to the region to be
textured.

30
13. A method according to any one of Claims 7 to 12,

wherein the pulsed laser beam is focused and directed



10% & ()-,10% & ()-!' YW dO% ' & ()- 10 7 9.AUG 2002
10! V[ VkKVI VnvnV} VW~_ @, " 109B&' () - Lf @0¥B&' () -!%d09BB& ()- 10" 10 %0
#10% & () -, ’
#10% & () -, VWWAWKXXVA~_ @'y, $109BB&' ()-!, $109BB& ()-!, $109BB& () -

, $109& () -! f &$PLOUBBE' () - ! VF &$109%&' () - XCYYYYZZZzXI<@!y 10BB
1OBB!N,#10%BB&T()-Z!,#10%&f()-Z)@ROWB&T()-.ES##lO%BB&f()-!S##lO%&f()-ZZZZZ
[[NuUV7@' @%0%& ()-1 y, 1098& () -

1098&' () - QLOYBES (3 - EAALOYBSe @) bd 48 09B& A )annular beam, the spot are

10BBN[ [ WA\ V] ] ] wXO7@! SHNLOYBE&' () -y! nmlO%B& () - ! J@O/d.O%&' ()-! @O/d.O‘%BB&' O-!'@
%409 () - | |@ggﬂggﬁﬁgpg)tme]ﬁq@%pnnngEg@@t@@ beam at the surface of

10988 () - | 1

10988 8 &1(%%%&?%%]-‘ %@%@1 18t ]‘93' s $90 bhias 2o 15 o0V (SE w100
(- 10BB 108Ee lcﬂ)BBkI\bé#ﬁ.@%BB&élébstyaﬁﬁiaal(h;aaidEm\Eﬁhé.Mzé)a@the

10%: () F 109 (), 1096 () -y 109 (). 10%& () abSbbbi; ca?uVr0l 1 §

1098 ()2f! 10983 §a L M e0k! (9t § a’f”éé%l%)%%k&?‘() PROVEE L EC
cvedQddddaBuV70! 1 410% () - 110%: ()-y! & 10% [ & () - F. 10%& () -) MLO%& () -

109’ () - de5ekel enene| eebCO!' I Lf 10%& () - @& 10%& () -
14. A method according to any one of Claims 7 to 13,

wherein the annular portion of the surface of the
magnetic recording disk comprises the landing zone or the

10 data zone of the disk.

15. A magnetic recording disk having a surface, at

least an annular portion of which is textured by a laser

texturing process, the textured annular portion of the
15 disk having a uniform ripple-like and near periodic

texture.

16. A disk according to Claim 15, wherein the average
roughness of the textured landing zone is in the region
20 of 3 nm and the average roughness of the textured data

zone is in the region of 1 nm.

17. A disk according to Claim 15 or 16, wherein the
peak to valley distance of the ripples in the landing

25 zone is in the region of 15 to 25 nm and the peak to
valley distance of the ripples in the data zone is in the

region of 5 to 15 nm.

18. A disk according to any one of Claims 15 to 17,
30 wherein the disk (8) comprises a substrate (18), the
substrate of the disk having been textured by the laser

texturing process.
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succeeding layers are provided on the substrate, ‘one or

more of the succeeding layers being textured.

10 21. A disk according to any one of Claims 18 to 20,
wherein a coating is provided on the disk, the coating
being textured.

22. A disk according to any one of Claims 18 to 21,

15 wherein the substrate is a metal substrate.

23. A disk according to Claim 22, wherein the

substrate is aluminium.

20 24. A disk according to any one of Claims 18 to 21,

wherein the substrate is a glass substrate.'

25. A disk according to any one of Claims 15 to 24,

wherein the period in the landing zone is in the region

25 of 5-25 pm and the period in-the data zone is in the

region of 2-10 pm.

26. A disk according to any one of Claims 16 to 25,
wherein the uniform ripple-like and substantially
30 periodic texture is supplemented by a plurality of dome-

like fcrmations.



