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DESCRIPTION -

This invention relates generally to the texturing of a surface of
a brittle material, such as a glass substrate for a magnetic data
-stor&ée disk subslrate, and more specifically to such methods which
irradiate the surface in order to texture it.

Recent magnetic disk drive designs employ a commonly denominated
Contact Start-Stop (CSS) system in which the magnetic head contacts the
magnetic disk sutrface when the disk is stationary. #hen the disk starts
to rotate, the magnetic head slides along the surface, eventually flying
fully lifted from the surface because of laminar air flow at the disk
surface,

A smooth, specular recording surface is preferred in’ the art to
permit the magnetic head to ride as closely as possible to the disk
surface. Creation of a "textured" region on the metallic disk surface
for magnetic head contact during CSS is used in the art to overcome the
excessive contact stiction and friction developed during startup and

; stopping of disk rotation. The magnetic head is moved to the “CSS '
region"” at the appropriate times by the drive controller. The specular
smoothness of the remainder of the disk surface is retained to permit
high-density magnetic data recording.

Several useful techniques for texturing metal disk surfaces have
been proposed: For instance, the use of repetitive laser pulses to
create reproducible pits on a metal surface is known for application to
sheet-petal stamping surfaces, ligquid transfer surfaces and metal data
storage disk surFaces, as discussed in the "Procedure Employing a diode-
pumped laser for controllably texturing a disk éurface", US application
150525 (5A9-93-~008), filed 10 November 1993 by the applicant of the
present application, and a copy of which is filed herewith.
Unfortunately, such techniques are not generally useful for texturing of
brittle nonmetallic disk substrate surfaces such as the glass substrate
known in the art for certain data storage disk applications. A brittle
nommetallic surface, especially a glass surface, is expected to crack or

= « 7 deform exéessively during the grinding or laser texturing techniques
known in the art Ffor metal disk substrates. Accordingly, chemical

“.u’i'b\

& 4

REPLACED SHEETS SG
[J Description : paged......... to paged ..o
Claim(s)  :paged .. ¥.. topaged ...
[ Drawing(s) : paged ... to paged ..ovee.
@] Abstract  : paged=®...t0 paged ...
DATE OF RECEIPT e




¥ RESEARCH MAATSCHAPPIJ N. V., a action on the vessel;

conpany organised under the |aws of the 2) filtering the deviation
signal to renove Net herl ands, of 30, Carel van Byl andtl aan, a

sel ected part @fglshqrpave conponent 50 5, The Hague, the Netherlands, do
her eby of the deviation signal; decl are the invention, for
whi ch we pray that 3) deriving a control signal fromthe devia- a
patent may be grefacedextyring, teghpdateleand other patiqypedsfepnsdtitratéchgiaube sel ect ed
part of nmetao® gréferyedi 3h thet antSfok brbelp andffocdseshch tae feeritk he glave
conponent renoved therefrom particularly described in and by the
followng and For instance, in .. patents 5,079,657 mri55 192 %{;@ﬁ It

4) supplylngtrle ggté ! &gﬁq? ge ? Etlonreaestoa
net hod of mai n- gie % %cfﬁ ﬁ’de "Ihﬁ"éma]dgv il fﬁf nique £95 hing a

fl oati ng vessel"e’l‘tr‘i'“é‘gd@’s?l Hatrpvefice Af 2 remetirduadl dgnafhietct otedrhat e,

or on a desiredtidipsredyoingserprrakie it dveids thedeeésaifyort bettwoien & #%8 act ual
position or wregiehront the wetbGiiop8Ise| at | ieikimaithguoual Yikeredxocour se of such
vessel and the gageieHeda0nirkdc0matSligiaal that is representative of that part
of 60 or course small w thout the use of anchors. the deviation
signal whichis in a use i s made of the

propul sion band co?ﬁ) 1 sﬂf?é‘“tth‘é'ggseﬁ%’ct%’ahiﬁ&ﬁ Hoyizapg et aly disclosg gi ¢ (o)

and/ or the ruddethes)fopmapfactysinget glasg dapropkee Irs 2peeeiodne 41skythakt er ni ned
and the whiistluden pdiertdne ot base| dtehio shegiall etreldpe areathepslthet r esponse
of a m ni num dek@yiad idifmren?Orat&Ltf atdniigy Bitwdeiea dBLALiRA aeéniBERRd he act ual

adapted for filsembAioddRardpishat hmza%leg-@aél 't@ach6§1e use S¥Oflehi QRuRE the

vessel and the fesliRtPNekbdls ! Flid 1P ROE1RF16A) L%tsxvs“&g??sauz cd from
this t he
functi on. ‘ﬁ’f@h e¥PPEeHIE df‘?°5ht38rr°6‘ﬁﬂ’r”§é“a6°fnﬁl \}é%%el Other g pr esent

i nventi on flthlfﬁ?CtbF¥9V?4§eh?"e suggested using expensive chemical vapor deposition
{CVD) processes to create roughened zohes on a glass disk surface before
deposition of the niagnetic recording film layer. .
i
The use of laser pulses is known in printing to create many tiny
pits in the surface of a brittle material such as tungsten carbide. For!
instance, U.S. patents 5,143,578 and 5,236,763, disclose a method for
engraving a series of consecutive cells or pits in a solid surface such:
as the liquid transfer surface of a printing roller. This technique is
recommended to overcome the surface hardness of the ceramic and metal
carbide surfaces normally used in engraving applications but the patents
neither consider nor suggest solutions to the particular problems of CSS
region creation in brittle nonmetallic disk surfaces to overcome head

stiction.

Others have considered the specific problem of using laser energy
for reducing stiction in data recording disks having glass substrates.
For instance, in Japanese patent 4-311814, Maeta Hiroshi discloses a
technique for texturing the glass substrate without reducing surface
durability by applying a laser pulse from the back of the translucent
substrate to fracture and scatter small particles of glass at the front
surface. The laser pulse induces thermal shock that effectively breaks
up_thg_front surface into fine grains that are then supposedly partially
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laser melting of any brittle nonmetallic material such as glass because
of the rapid melting and resolidification caused by a short laser pulse.
This rapid melting and resolidification usually causes excessive stress
in the glass, which forces the surface to crack and break up.

Such laser pulses are herein said to create stress that exceeds a
"thermal shock threshold" for the brittle nomnmetallic surface material.
Indeed, the above-cited Hiroshi patent relies on this thermal shock
micro-fracturing phenomenon for the usefulness of the claimed invention,
Laser pulse energies below this threshold are generally believed to be
useless for altering the topography of brittle nonmetallic surfaces.

Accordingly, the invention provides a method of texturing the
surface of a brittle material by irradiating the surface with radiant

- energy at a plurality of locations, and characterised in that said
radiant energy has a fluence fp at each location, wherein said fluence
£, is less than the thermal shock threshhold for the britile material.



T45 - tion signal representative of +the signal whichis in a

frequency band conpri s- nmeasur ed devi ation a conponent of ing the
sel ected part of the wave conponent, 2.

1, 342, 252 52%9-33%@7h system for periodifcally synthesizing a in such a
manner that in conposing the con- m ni mrum del ay filter inpulse

retsponse f er{n ;}'msu&h Anddeedrlify mmqa&tprmdegt&et&ml@masbﬁcy and ot othetrhl S
auto-correlatli o
) X Q aH&%Lé QP the l?%er-texturinge}/re%ﬁx?if? e(f %o? e NEY f?ﬁgneta%l

resulting in a o, ucmg

whi ch shows -no ts%r d&Hey to oscillate. 5 deviation of the vessel from a
desired posi - Anot her object of the inventionis to pro- ~ 70 tion
may include one or nidris predpukdithat saiddediantreasrey fcomrienaarpaiaklof st ati oni ng
a ©UNni ts anGkGiheRRYER,Oiavify € ditdddr §, andhefqRifhed 466 HBling Whi Ch means
permt a rel ati yglihuf BEARtral dlmensﬂHllﬁ' Qe E O, éﬁB'Dt %r@%\él&@ecpfto Var' ous
types operati 1Qfsa§%j%5'ue¥l %ekzo {lehg&gééaldt tl{ermal shvmqlk tllmﬂlreahq. aut O I nt i{)

alia, be forrredmb%{r ver

axi s propel | er s¥&feha "\98?1"?1 ﬂéPoséP £ etarg"rf'a’l‘re&ala’l‘i/ sEenpBfAsat ed by

their ver y sour gp/ratz.oplstp is in the interval {107 107 l] seconds and said maximum
spot diametral dimension Dy is in the interval [1, 500] micrometers. It
is further preferred that said bump rises to a maximum height hy above
said brittle surface, said maximum bump height hg being in the interval
[1, 1000] nanometers, and each bump has a maximum diametral dimension Dy
(<Dp) and each location is separated from the nearest neighboring
- location by a spacing distance Dg 2 Dy.

In an alternative arrangement, each bump has a maximum diametral
dimension Dg and each location is separated from the nearest neighboring
location by a spacing distance Dy substantially less than said maximum
diametral dimension Dy, wherebir a plurality of said bumps merge with
their neighboring bumps to form a substantially continucus ridge on said
surface. ;

Typically said brittle material is glass and said laser energy
pulse has a wavelength Ap such that the optical benetration of said
laser energy pulse into the glass surface is in the interval [1078, 10°3)
meters, and sald laser pulses are generated by a carbon dioxide (COz)
laser, and said wavelength 1 is in a spectral region which is strongly
absorbed by the brittle glass surface.

The invention also p;ovides a method for manufacturing a data
recording disk using a glass plate with a brittle surface, said method
comprising the steps of:

polishing said glass surface to a predetermined smoothness;

texturing said glass surface using the method of any preceding
claim; and

depositing over said glass surface a film of magnetic data
recording material to create a data recording layer.
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fluence region is bounded above by the thermal shock threshold and below
by the melting or softening point of the material.

Thus a method can be adopted for texturing a brittle surface
composed essentially of a brittle materials having a thermal shock
threshold fluence level above which said brittle material is fractured,
said method comprising a step of:

concentrating radiant energy selectively on a plurality of spaced-
apart locations over a treatment area of said brittle surface to alter
the topography of said brittle surface in a target area at each said
spaced-apart location, said radiant energy having a fluence fp at said
each spaced-apart location, said fluence fp being less than said thermal
shock threshold for said brittle material.

Many microscopic bumps may be created in a desired CSS region of a
glass, ceramic or other brittle nonmetallic substrate surface to improve
stiction, wear, friction, or coatability of such surfaces or to prepare
the surface as a “stamping surface” mold for reproducing a negative
impression. Highly~reproducible microscopic bumps can be controllably
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Figs. 3A-3D show the surface texture of a glass substrate for four
different fluence levels, itwo of which cause micro-cracking of the .
surface;

Fig. 4 is a plan. v1ew of a rotatable magnetlc recording disk and
magnetic head, including a pontact Start-Stop {CSS) region for contact
between the magnetic head and recording disk;

Fig. 5 is an enlarged sectional view of the magnetic disk of Fig.
4; and

Fig. 6 is a fun&tional block diagram of a Direct Access Storage
Device {(DASD)} employing an embodiment of the textured recording disk.

The present invention arises from the unexpected discovery that
highly-reproducible, microscopic bumps can be controllably,
inexpensively and quickly made on a glass disk surface using single
laser pulses of the proper wavelength, pulsewidth and repetition rate
combined with proper movement of the disk surface. Fig. 1! shows a
functional schematic diagram of an exemplary apparatus suitable for
implementing the present invention. This disclosure is primarily
concerned with the texturing of glass storage disk substrates for
reduced stiction, although the apparatus of Fig. 1 may be employed for
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position 1', t hﬁénetration of the radiation incident on the glass disk substrate 12 is
longer than 10 nanometers and shorter than one millimeter to produce
effective "near-surface" heating of the glass substrate. The pulsewidth
is chosen to be longer than one nanosecond and shorter than 100
milliseconds to provide efficient heating of the interaction volume
without causing excessive thermal shock (below one nanosecond)} or
excessive volummetric heating through thermal-diffusion (sbove 100
millisecondsj. The laser peak power and the focussed spot size on the
two surfaces 14 and 16 of glass disk 12 are chosen for an “energy
density" or "fluence" sufficient to provide gentle surface softening or
melting over a short time period without causing the shattering and !
material ejection from surfaces 14-16 expected at higher fluence values.

Laser 10 is controlled by a pulsed radio-frequency (rf) excitation
signal 18 to provide a pulse repetition rate that, when combined with
proper translation and rotational movement of glass substrate 12,
provides single laser-pulse action in a new target area on surfaces 14-
16 each time the laser fires. This requirement is necessary because it
provides a wider operating range of fluences below the “thermal shock
threshold” at which surface cracking and material ejection occurs.
Although this "spaced-apart® target area requirement is preferred,
overlapping irradiation target spots may be used, but with a narrower
acceptable operating range of fluences below the thermal-shock fluence
threshold.

The operation of the apparatus in Fig. 1 is now described. Disk
substrate 12 is rotated on a shaft 20 by means of a motor 22 and the
entire motor-shaft assembly is translated radially by some useful
translation means {(not shown). In synchronism with disk rotation and
translation, laser 10 is pulsed Ey signal 18 to provide the output
pulses 24. Output pulses 24 can be split by deflection with a movable
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the anplitude spegiectsd disksvary thdteridesiekrds ROSkidrQbripgt ait@MBivksR! | Y

20 [err] of thandeulahlRnustaRad 18080 Ryl 1+ GOTRGRSAL S Wb fisn a short

BS:!{OShLSEO]E h\?\‘;ﬁngﬁu%ﬁng alass m%ohe tElgghrfeleold the glass surface is ﬁt le?e 9 shows

schenatical |y t#& ’sa%‘b§hit6e’eﬁlf§ﬁé’§?“§é?’t PPt HEE Ty e TAPHTORE &R FPEEY on
be carried out Flyencheregianhordondbothhirng-shock Ehengeetiyeshold henergifel Lrance of
this portion ofigsufficient to create any topographical alteration to the brittle

nonmetallic surface. The present invention exploits the heretofore
unknown anzi relatively narrow fluence region properly below the thermal-
shock threshold to create useful surface textures in brittle nonmetallic
materials.’

Fig. 22 shows the texture on a glass surface resulting from an
exemplary combination of process parameters to create a CSS zone on a
glass recording disk substrate. The plurality of bumps in Fig. 2A
exemplifies the texture produced, showing each bump separated from its
neighboring bump by a desired separation distance Dg. Fig. 2B shows the
Atomic Force Microscope (AFM) profile measured along the path crossing
the single bump shown in Fig. 2C. The profile in Fig. 2B iz seen to
have a maximum diametral dimension Py of substantially 60 micrometers
{ie from 30 to 90 micrometers) and a maximum height hy of substantially
1D0 nanometers above the surrounding substrate surface plane. The bumps
are very smooth and ideally suited for reducing stiction in a CSS region
of a data storage disk. Even with a protruding height hgq of 100

nanometers for the bumps, no cracks or shattering is observed on the



*the tnvention, and the calculating units in the wave conponent of the
deviation is 25 which these steps are carried out, and

negl ected in the method according to the 90 Figure 10
shows the spectrung,[gggg_kn of the inventi ongwhen conposi ng the control

si gnal anplitude of the transfer function G (f) of for

dynam cal ly positioning the vessel 1. a zero-phase shift
filter having an i ojps$ serface.ByLogért bupalidigit, tihe. hy gfprbxiaspeendy thornuhe@ns
response g (r), asfoh®@MBo 40 nh@tfed s can be more BdsifdbGe WEW BsC OERONRBItSPEESEN

in the com 'rhesgghortex_:r b&_‘psuag%! %a%@%ﬁlsh&_f&gMaéé} El'u%@? t;xan .
ponent s X, Y and [ I’ol’% n«c.c?ésssalxrnd ocfatthgdlobnarlx:olmgli”reo . No_cracking or s Iast ts'ul_llt abl e
for carrying out dri FT i ng operati ons, 2’) OF "t he davi at§ on s‘f'gnaf1 FERER
nmanner as is prodpgpd ducing eregbtign i 1uB SRV T Phe st -head 3
described in nore detail hereinafter, signals t hereof | ocated
above the sea bottom THe fAllofidgrgdroteanmiafagme terdl akrd @eis idfsrabsdadsean

tubing string 5 i SefmsReRdad abdiptdb@e \WBddat g JiBRNGTORMY 4R £lulfcelBtb@t | ON

of the vessel the therirhl-dHcif ikl Qlf%r@&%g%sér'}%ezsm"m since known 1

al ong the X-co-ordinat t he Y-co-ordinat , per se) from
the derrick 5A nount edq%%ert‘f‘?éeleﬁflt&‘ i "a??'gt"&ff"@ﬁt&fs’sense, respectively.

Thus, vesdaserpulgmpidthe tg 51Q0 Bicresermyisicity all other if the

i nfluence of the high flaegquedsy p@drpdven Pp = 12 wvatts; equi prent required for
carrying out drilling feduskdeetagme sptt diaietap b= 260 REGbRatad, the

operations is omtted LhdehQpti@aWnNthte, F, = 1500aSitk] ON of the vessel 1 could -

be indicated by i . The_ v sgt i S i ] with two propul -
t he devi ati on signal cé;Skogoetﬁ%?I ery Fa fOSlﬂ r§d19£s9¥écg§éj, sion units 6 and 7,
(B

which are rotatably Fengirtional SRy i FPJUFEReSTYfgends and
arranged around axes 8 &Md2bragialbuen FRASERE. stThEPS MCrdetars- be exerted by
t he propul sion to vary the directions of the thrusts exerted
units 6 and 7, respectirvahyylatie sptédintddn@iat although the targdtes@blspot-yideher,
t he magni tude of t eig_ Eé‘d'lﬁﬁéome\é@és,edhe_tlﬁmﬁ r<s§zed isr &ﬁylﬁ%u'&\@tefg.ani'hiisn t_he
case . 4.5 ee.l.la!:i\éerheld iQ¥usttpa%eu%bg $‘tt§-e&% d"7clla§ac\‘.§‘t[ils@1%|s edf éa% la\é@re remn
only the deviation resuﬁlﬁ rom -1 .

texturing process that create a feature size much smaller than the

radiated spot size. It is conjectured that the unexpected "fully~ ‘!

protruded" dimpling effect may result from a relaxation of surface

stress caused by the laser-induced surface softening or by the lager=~

induced thermal expansion that "freezes-in® as the surface cools below

the softening point, although this is not known for certain.

Bumps of height hyq from a few nanometers to as large as many
micrometers can be produced by this technique. Xt has been demonstrated
that larger bump heights can be produced through repetitive pulsing of
the same target region spot without producing cracks, provided that the
thermal shock threshold fluence level is not exceeded by any one pulse.

Fig. 32-3D illustrate the effects of exceeding the thermal-shock
fluence threshold in a glass surface and also demonstrate the abrupt
upper Yimit of the acceptable fluence operating region. Each of the
surfaces in Figs. 3A-3D were produced using the same operating
parameters as are discussed above in connection with Fig. 23, except
for repetition rate (Fp = 2,000 Hz instead of 1,500 Hz) and for pulse



. that by a suitable choice of the direction and w nd, water flow and the

| ow-frequency. wave magni t ude of each thrust exerted by the
pro- conponents are to be counteracted, be found pul si on
units 6 and 7, sabe3vensel 1 may be by vectorially adding the signals [err]
di spl'aced fron1the actual position thereof to and vectorially adding the

signal [err] for a desired position. .

propul si on unit "8“%1?‘!21 \REER 6??"&1“1 " §fﬂﬁ‘ r el h‘glesfl@a“ in Fig. 2R because g
manner in whi chPft He Freatee rereditiomrate Brr] for the propulsion unit 7.

i ng means operates to reduce the deviation . The thrust vectors [err]
resul ting Fig. 3 shdhe theSEahed téit@rd rdshnrifle $idmedl ppnsi dicent, from
the vector di agr g§m;assalonu 'FQg.Fbtggﬁcﬁvsv\@hL |suPiQUs ta&u%m&h&%ﬂtﬁf

II;Ie];]ﬁII: ggcg ESOOf itnﬁ:aegge 51h trﬁSSp&C:%xj.c\z{gsleands e’rhl;.egx ﬁ%g ryhal-tlgt X rema:.as dErF ction of
thrust to be °50""“ble micro-cracks apd dehydsy, Hopever g i ? shays ¥b&EEYn of the
appl i ed by the gyidgmat SF dire ritosc@cking that results with only geadditianals

i ndi cated W t h nefeigmesset in pl1se widtBPGClol Wehitroseconds. It is thdé axis and the

Y-axis. These axfnctdaly bRipt thAsaSGha@NBhLGRL I)rdshelacahediinsficos e 6, the
axes of [err] nEasyLi REYDLE T A2 PRl 'n%@wfa% YRS ﬁhﬂ&k%hﬂgi”ﬁans

according to th 0] r|n latlo act yal posi -
I nvention corrpr"lsalméesn t Satlir ?exmmr’ﬁ PYeg lbicgéerem r%man %)% 1 of the

vessel from t he*"g¥s F’I’%&"ﬁ?ﬁ%ﬁ"ﬁlsﬂﬁf&c%ﬁﬂ“&ﬂ? aP‘bF‘afr?é’af’éu’rJieﬁb‘°’é1r’fﬂ°w"gEhél?eat i ng
signal s art for lpsen-hentprfd brittde demietddihewdpgey- i £ig.n3K fe created
correspondi ng thy & peldevidasb itpr Ob dib@sv@8&e|which is 250% of thdlvimetdsem of the
negative part ofor diges¥-axis. from the desired position the X-axis, the
The angl e devi ation of the actual position with Y-axis and in a rotational

sense with respect @ tttothe&ilst e}g osition
t 49 1
indi cated by to thE%: akf¥ respec Vet Y S ofhE H&viarion® 138 ac
outer surface 42 and a textured annular region 44 for use 1n Contact

Start-Stop (CSS) cycling of the magnetic head 46. Magnetic head 46 is
mounited on an arm 48, which is connected to means (not shown) for
positioning head 46 in a generally radial direction with réspect to
rétating disk 40. 1In particular, head 46 is positioned over textured
annular region 44 whenever the rotation of disk 40 is started or
stopped.

Specular outer surface 42 of disk 40 (Fig. 5) may cover several
layers of intervening materials. For instance, a glass substrate 12 may
bhe formed and textured in accordance with the present invention before
deposition of the subsequent magnetic recording layer 50 and protective
layer 52. The topographical features of the textured surface of glass
substrate 12 are reproduced at the surface of each subsequent layer
deposited, thereby providing the desired texture in CSS region 44 on
outer surface 42. Alternatively, any of the layers above glass
substrate 12 may first be deposited and then textured in accordance with
the present invention. Thus outer surface 26 effectively represents the
surface of whichever of layers 12, 50 or 52 is modified topographically
in accordance with the present invention. Ultimately, for data storage
disk applications, the surface of protective layer 52 exhibits the



4 » 1, 342, 252 signals x, y-
and [err] generated by the units 10, the frequency band [err] is forned by

the 65 11 and 12, respectively, are the conponents signal [err]
of the displ acengplysqfzyt he vessel in relagjon  The high frequency portion
of the wave to the desired position as a result of wave conponent

present in the frequency band [err] 5 action, wind action and water flow
action of the deviraditextuss gnethe [ces niginiipedvigpdrityl taxtured a@mert adgion t he
vessel . Accordimg.to the inven- need -not be conpensated, can now be
70 tion, these si gnal s ar-e passed t hr ough fiIters removed by

sel ectively att enuat %s a nctlanal oclg'ﬁla ram o a I; gescrt):eﬁ:ctcelzsvse ora wher eby
t he wave conponen P§)SSIH ‘h evi ati on onmponen sgﬁresent
n

in the deviatiof® § c@ lf"fﬂ“bdg h EEEPSY ‘Bé’g@ f}‘FY‘t“Ertthglﬁﬁfl ch the 10
X, y and [err] austaeteett:| \Péf"‘i/ 5atipeivdest & gontrpygnitiep | yhithdecosgiwetasuthe i s

i ndi cated i n Fi peemtion of eblvelrgenthorish gotakmg[disk 0 compardeuni8 56y t he dashed
curve 20. Since gibeided alo®6:S contbol signdll SHIES aPriveniteh 68 @hicBPFoRs@Bt at i ve of

the are known pgey 36 thhﬁ:)jh %r&aﬂp%z desc%ﬁx!rbfqmt 55 SRORPBEALS o Healhe
devi ation of the YESS e filter cut- of frequency

fromthe desi recf‘c 0S| k‘* tﬂmuﬂda thShtmn ? tl"teln%:lém Fer PTtul ' Hoten such t hat

it is about equé‘ecltaalcally coupled through the two flexible members 68 and 70 to the
two magnetic heads 72 and 74, respectively. Magnetic head 72 is
disposed to read and write data on upper surface 42 of disk 40 and head
74 is similarly disposed to read and write data on the lower surface 76
of rotating disk 40. Heads 72 and 74 are coupled through a read/write
channel 78 to control unit 56, whereby digital data is transferred to
and from rotating disk 40.



*15 of the action of the wind and water flow and the upper limt of the

frequency band [err] the I ow frequency part of the -water—waves.

the width of the band [er] should be 80 Since the | ow frequency part
of the wave com varied with changi ng water depth a

present in the S§ev 3 on si gnal shoul d Yeat her cond“rsﬂi‘ﬂlllu mﬁ}z%er
should be be taken into account in the dynam cC S ped with
a selectively variable cut-off 20 ing action, is not renoved fromthe
signals frequency [err] Such a filter,gygkch |s app|led X, y and [err]
by the fiIters 13, 14 and 15, res- as firlter 13 in the dynam'c stationing
neans Eecti Vi?}%% and thus is included in the - according to

Fi gure 6 may be fdr $yf drturingthe surfage ({j4) °fl'ﬁé°”“\}e(',“f‘fﬂréa1 Brectri cal

net work, to whitmadidténs thecairfadeqpriah radiant epqrpy at @ slubzgldtpuehtlbsatyast ori al |y
X(t) is suppliesH tiarbdterisepuh thhesed raiidhtaen2lyy weDEN@tke £ dheadunit 16 as
indicated in Fhgddkfon, SheRdh shef Elueh® Ee1d Y&E fhbOThd Bl Pidkx t her eof . 4

and 5, and t he g&gm‘%@@gr ‘éﬁe% hS1el §dthliaz TN signal [err] is, however, due
to an (§ESCI‘I Ing t irection and magnitude of the i nevi tabI e

phase Iag of the electrical filter, correction signals to be supplied
to the pro- ndt aviFI"sBio8 oft cleinm yhersip said ragiantosrerey pewprises gyl sion units
6 and 7, respeptlsvalfylasear enqray Spliaviherer Jurafivert, thdre foewssed 3fbt bdvduet 0

t hrough cont r oklm@ksnwa @i giedrah8dimé@Son by, dHerdifer,Sitgaad nﬁ((at:e) sd1scppassed in
digital form 14niPeGEd Yelekee \egt&tt vah@yeeloorsgp@ttérmatmk W snd:r ough the
dynam c statiof %]Q%bg{re sIT ag ﬁne 1(llna %t derivative and/ or

i ntegrating the el ectri cal actions.
net wor k ment i oned above rray be si rrul at ed
by a digital calcul®eimgpodms clahhizciietonvioLy aeise duratiophgp {4 A themai n
function x(t) dfiteryrd  [APE. | ma{il swondespdnead ehxigunf plot ediapdtrdl dimehsibude 35
devi ation si gnaj} ialienge tik€er¥ainxi ssoog nivetimeetred spectrum 20 (vide Figure
8), with the signal 100

4, The method of claim 2, or 3, wherein said bump rises to a maximum

height hy above said brittle surface, said maximum bump height hy being

in the interwval [, 1000} nanometers.

5. The method of claim 2, 3 or 4, whetein each bunp has a maximum
diametral dimension Dy and each location is separated from the nearest
neighboring location by a spacing distance Dg > Dy.

6. The method of claim 2, 3 or 4 wherein each bump has a maximum
diametral dimension Dy and each location is separated from the nearest
neighboring location by a spacing distance Dy substantially less than
said maximum diametral dimension D4, whereby a plurality of said bumps
merge with their neighboring bumps to form a substantially continuous
ridge on said surface.

7. The method of any of claims 2 to 6 wherein said brittle material
is glass and said laser energy pulse has a wavelength Ap such that the
optical penetration of said laser energy pulse into the glass surface is
in the interval [1078, 1073] meters.

llllllli IR || IIIl



i‘n Figure 7 over a certain period. The high x(t) over' t'h'e"t'i me W ndow
[err] preceding the frequency part [err] of the yga lacddl ME

[err] (as indicated in Figure 7). The result pres iation
signal x(t) is indi- of this convolution is then si gillmmﬂ Ilw F
cated by the da&sheg-oqurve. For each tineit however, tabl e

phase lag of 40 the signal [err] can be found by subtractlng such a

filter, is not aval I abI er but 105 t he high freguency part
[err] of the wdve gwga f%ﬁg‘e &Y'e SRR LIRS RUbFeF are 9%“'&3‘% Resdt ~ at

time t from t—hé‘aﬂ’@m"éﬁ’f’ﬂﬁ <§?7gr#arsef ‘}“fi SAELF [avsdengHy &y 4% dbd" BRtstrsthe sane

oper a- X ( t yregiion twhichs e tiohgly dbsoBpd ha\thobriakbmplees surGns. as descri bed
with reference to Figure. 8 this subtraction is indicated at the tine
to. are carried ouf nbQbq %I« %E:Wfﬁétﬂ&nb@dﬁ'a%@ér%;@dxsk WAL N Figure

8, the arrpl It u%g?]t%pg%é w:*h a ttle surface\z/e?axd methodl__comprlslng the st 110

trum J[err] of g rven ﬁ%pe ‘of the
anpl i tude spec- PoAEiag A e?]laﬁstjsiﬁ‘rfafel fe 2 (F PR i tido °[’té’f‘?‘]s as trum of
the filter, the tint*Fadng erid) glipgs sinfperarsing the pefibedir&cpny prededinde 7) shows
two sharply di slaim;fanfihe filter is a mninumdelay filter. How

tingui shed frequencgepbanesy ot GEQCaks banthce QVEANR off fmaldditse Ghti UM tine | ag
[err] is con- wcorhggrdatkﬁamg&)htcf elakl \éeéaxa rgyxr&mgqu%}c' es occur, sidered

still too large for a particular dynamc conprises that part of
t he deviation si gnal starioni ng oper a} a hi gher s% eed system x(t)
whi ch has to bé® Con?)é‘ﬁgg‘éf‘ecd“fc& Ph 9t Feteo WaYlnglf&v%‘tTr SHéarsEH, SWRhieh system

will now dyagnstecadtvarsadmiiaglepr-oedduiier cireisingl i t ude be described with
reference to FigureaQayer of gphecisphatrateinfabérmial hi2)Danthg € splstoonsiigt s sub-
Fi gure 9 shows plLéhas GueserbieCsfv@idd, shbe cal - 55 stantially of the deviation

conponent result- QHL&EL{LQantltlﬁ 1ta9erb%o§mﬂﬂ;ds§£ld%gr e &ia§p§ugsagate i ng
from wind acti g, 400 YaLss sqbgggnamf Gt oL hﬁfkn%g]seﬁ@s S6@L0ugd out when

it is desired ectrumo requency Fenove

al nost i nst ant é’ﬁ%’lﬁ‘us"°§°r8§7“gr e

wherein said outer surface 1ncludes a plurality of bumps, each
said bump having a maximum diametral dimension Dy and rising to a
maximum height hy above the planar recording surface.
H

11. The magnetic recording disk of claim 10 wherein said maximum
diametral dimension Dg < Dg is in the interval [1, 200} micrometers and
said bump height hy is in the interval [1, 1000] nanometers.

12. The magnetic recording disk of claim 10 ovr 11 wherein said
plurality of bumps are separated from one another by a minimum
separation distance Dg > Dg in the interval [1, 500] micrometers.

13. The magnetic recording disk of claim 10 or 11, wherein each bump
is separated from the nearest neighboring bump by a spacing distance Dg
substantially less than said maximum diametral dimension Dg, whereby a

plurality of said bumps merge with their neighboring bumps to form a

substantially continuous ridue on said brittle surface.

AT



band Terr] consists substantially, if not solely, action the selected high
frequency part of of the deviation conponent resulting from the wave
conponent present in the x-com 60 the high frequency part of the wave

action. ponent ﬁE-JstndeVi ation signal. In the various 125 Thus, it
can be said that the conponent of blocks!4s shown in Figure 9, these steps
are the deviation signal within the frequency band i ndicated by

reference |etterig.a, aAblirgst fdeesd, sth del 8% dor 112,498 TE ,the signal [err]
and that and g.includiddhg mgmgnﬁg}grzg\]‘;%t;@& g:]ég/;;%jlg% a%‘?ﬁg%/rlm%\ng?%i'n The

devi ati on signal folayete! t , 0 o any of claims 10 to 13, -
1, 342, 252 gnala f Qﬂ@ad )is‘ﬁt)), an§ means (48) for supportigg said hepd & &uncti on of

time by curve 2£°195%aMsPEGion andefparapneratynthdasidemitonae isvedenTBNDT Y
section relative to said disk. 60 22. The successive val ues are
sanpl ed wi thin atime wwndow [err] The tinme wwndow J[err] 5 ranges
from[err] to [err] being the tine The asterisk * used in this way, that
is, as at which the | atest sanple has been neasured). a binary
operation between two tinme func-

This Sheet Has Been Rei
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1f the time window [err] extends over a tions, denotes convol ution.
period of 500 seconds, then 500 sanpl es of The auto-correl ation function
[err] x(t) will be stored in the nmenory unit 22. 10 Each new second,
one nore sanplsgowsldzabe resulting fromghe convolution carried out by 65
added to this nmenory unit 22 and one the calculating unit 26 is

represented by the ot her, nanely the ol dest sanple, wll be dis- curve
31. The length of t ¥R (OF GIFXTURIHG EHE. SURFACE Qf } BRTFTHE PETEREY (Sstep a).
cated by [err] Once every [err] seconds [err] having, e.g., a

Subsequently, the filter inpulse respamgeack5 value of 500 seconds), the
auto-correlation function [err] wth length [err] is determned 70

function of the si Qrﬁ%ceés( ) &Fﬁiﬁse&t PJreQ»e émf%h arré}yofﬂlm%&” gtﬂeQ&rW t_32
dj

t d by d - Thi
f?\geltohe) au%/o ?ggt?teoa¥ SR f BT t| oh 9 éesg i o ggrcg%’eﬁr arl 'hgggsrlfétl on I[er]

havi ng a | T8 JEH 5 "g[%"PFisss‘ééf)ﬁd%"sEK/ll&é°rpé”f"é‘td%rﬁ’t‘EeﬁlﬂfeWaPer WeEH respect

t o the aut o- cdlneakattoohe frhtile @haB0sur@ice fosproterecdd piuplitprof|ragegionds and i s
applied [err]bungsnin @hd)@iir £u&.dThe dumf UiatioANis accorplidhad @ithatd Nng unit 26
(step c) for QRiaicdd Rkrol&héning of aalorﬂb@gaﬁaaéﬁgtetm%t BhiiiRgdne Whi ch 75
t he aut o- correll atl o‘ﬁsf %ctl on of tlue S aqFarrw} ﬁ’etefg?ﬁ@ 20 m £i°°l"?\1’%g with the

stra

aut o-correl ati function
25 of the devu”zii“? ?“’dﬁ%‘i '95(”?31 6\'1°F1‘ ﬂ““”‘“?/\é('fés’b°df‘rﬁ8ﬁe‘ﬁi bb’r"é AP t he
devi ati on si g-materdaky tThe roedse isj Hheo PRIdethle Go[dher] britilet iwfas ng|
conmponent Xx(t)texthines H@htwr ttast dnieodedefq- useaast stowine batfpos” figncdhe on 31 of

t he signal cohta@b repidaiidt@sh bethd nedativabifah Rackaby patihsuch dsefir esent ati ve
of the sel ect gt Ra t4;80 of the wave action conponent
present in the convolving the auto-correlation function deviation
si gnal .
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[err] with the inpulse response Since the power spectrum of the
wave [err] of a filter, of which the transfer func- action conponent
present in the deviation sig- 30 tion f) has an anplitude spectrum (as
nal conmponent x(t) can be considered constant 85 i ndi cated by curve 27

in Figure 10), with for a certain period of tine [err] (say, 500
relatively high values for a frequency bgnd, seconds), the filter [err]

need only be com [err] corresponding to the frequency band of puted
every [err] seconds. the sel ected portion of the wave conponent The
i mpul se response of the filter [err] 35 present in the deviation signal,
and relatively 1is convolved with the stored deviation signal 90 ~ | ow
val ues for a frequency band [err] and conponent x(t) in calculating unit
34 (step e) havi ng a phase spectrumthat is, zero for all to calculate
[err] being the selected-high frequenci es.olhe cut-off frequency [err]
corres- frequency part of the wave conponenti=pre- ponds to the | owest

frequency of the selected sent in the_ deviati®n signal [err] The val ue 40
portion of the wave conponent which isto [er-'?:] i s subsequently subtracted
from the 95 be renmoved fromthe gi t). It will be value [err]
(step f). This is carried out by ed that the paraneters of
the filter subtracting unit 35 and val ue of wi th the inmpul se
response [err] may be varied the_si in the direction of the

X-axi s fromtinme to tine. Thu err] may and resulting from
the wind, water flow and 45 be Jarifgdg with vgjying weather conditions
wave conponents in the deviationjsi 4 [ err]wnl00 and/ or water depths.
in so far as the frequency thereg i_<3- el ow -’ The convol ution operation
in step ¢, as the frequency [erfj=Eagh {ine @ new sanpl e of carried
out in calculating unitag6 is a vg;l‘-“ #t) hasgbeen stored, the step e is
r epeat ed, known maniier of ca Mgat n (see € g. Design while taking
into account the newy mQ ML
Byl 7
i < /
1T} /
i n /
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50 Electronics, January 1964, "The nininum value of x(t) to obtain the

conponent [err] of 105 del ay concept in system design", by EE A
this new value of x(t). This value [err] is then Robi nson). The
convolution of two signals: subtracted from the newy stored val ue of
X(t) (step f) to obtain a new value of j/he [err]
signal [err] The sane inpul se response of the
filter [err] is used for_ all these gperations, 110 ~ and -
until after [err] seconds a.new autdg-correliati on 55 [err]
function [err] ‘and a new }npul se rigdponse :
[err] has been cal cul at edi”: is deTined  to be
In a simlar manner as descrifbed above, thg _
val ues of [er®ly are calculated at tine [erB]i 115 [err]
whi ch val ues &Ne vectorially fadded (st8p of, | as
shown in Figures 4 and 5, by/the vectior add- where the coefficients of
c are given b)&t he ing unict" 36 to yield the vectors [err] and
formul a: K [err] Each tine asnew sanpl e
of y(t) and : 1l W S
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6 | 1, 342, 252 [err] has been

stoHed, new val ues of [err] and From equation (5) it is seen that the
pr ob- [err] are calculated and vectorially conbined |em of mnimzing
E can al so be stated as with [err] to generate the signals [err].
finding a high pass filter with inpul sg/4 es- The dynamc

stationing neans further ponse [err] such that the difference between
55 5 includes controllers 37 and 38 to process the t he response of

this filter to x(t) and the signals [err], respectively. These con-
signal [err] is mnimal in a |east square trollers have proportiona
and, optionally, sense. derivative and/or integrating action. After
Ewll be mniml, if bei ng processed, the signals are sent to the 10
propul'sion units 6 and 7 for controlling the [err] 60
magni t udes of the thrusts thereof as well as the directions of these
thrusts. Equi pnent for (6) such control is
known per se apd Jaence ng | bed_here in detail for
[err] wherein A : gul ati ons as
per- length o grding to
Figure 9 ' t he power
spectrum of th is repre

e devi ation of

ponent [err] i
t he vessel in
directi on of

(whi ch

65 20 the
"signal [err]

FIG. 3D

o

~

FIG. 384
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* rconsists of two conponents [err] and [err] signal would be required in the

cal cul ati on -of [err] represents the high frequency part of the filter
[err] as referred to above) the the signal x(t), and consists of that
part of the auto-correlation function [err] as required wave
conponent having frequenci es above fre- 25 quency [err] further includes
wind and in equation (6) can be determned at a tine 70 wat er fl ow
conponents having frequencies prior t§l/thme [err] by passing the function
hi gher than [err] should such conponents be [err] through a high pass
filter [err] with present. zer 0- phase
shift spectrumfor all frequencies. Renoval of the high frequency
part [err] As 30 of the deviation sjgnal x(t) at tinme to would be
possible if a mnimum phase, | QuPg |ter woul d be

avai | abl e, having an inpy sucﬁ’das woul d gi ve the

(7) quantity: and [err] as
well as [err] are equal to
(1) zero since [err] andg
frequency bands, being seps
woul d be the case if: of
i mpul se response [err] ard
qguency of the high pass flifl
bet ween the frequency bangd

val ue. This

FIG. 4
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(2) . : t he frequency hap@s-ofnef err ]
convol vi ng of for [err] wherein [err] represents the | ength of the
filter [err] However, since [err] with [err] results in the
auto-correlation 40 [err] is unknown, [err] cannot be function [err]

85 determned in this way. 1 As a result of the
stationary property of Thi s problgn1|s sol ved by cal culating the
[err] this function is available at tine i mpul se response [err] of a
hi gh pass filter, the relationship of which to [err] is indi- t=[err]
and can be applled for conputing 45 cated by:

[err] AMETHODOFTEXTURINGTHESURFACEOFABRTHELEIMAIHE(RIA[UEFI’] is
kept constant 90 [err] (3)

over the period [err] and is applied to deter- wherein [err] is the
uni t pul | ~pC-pulse). mne the filter function f(r, to) be deconvol v-
I ng thiéégﬂﬁﬁy?gn-[err] W th respect Si nce [err]

(4) to the function [err] (cf. equation 6) For

stability puURP t”ﬁ V, a tlnﬁ fi | )
can be repl acegfqg:gss is 0&9 f('?f‘ac%a‘?:m]goa}nl on- proces sorre p05| ve&@% tle to

,E ﬁ;,[ ] i fﬁ%ﬁgh@&lglass substrate®{12} for data recording didkS. O’Pﬁl’,‘:{eﬂﬁkﬂl@ protes§ %@esbg 15t d

(10) to provide pulses of proper energy fluence to the brittle glass surface (14, 16) to
produce a plurality of raised bumps in the surface The bump creation is accomplished
without unwanted micro-cracking or ejection of surface material by limiting the laser pulse
fluence to a value in a narrow operating region discovered below the abrupt thermal shock
fluence thresi:lold for the brittle surface material. The process is also applicable to other
brittle. surface tektures, such as those intended for use as "stamping surfaces" for the contact
reproduction’of the negati.ve of a surface pattern, such as an optical disk.

Fig. 1
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’(5) from equation (6) that the conputed hi gh pass Tiooims-¢ zrot

¥ 1,342,252 7 filter [err] wll

determine from the puter for all these cal culations. Miltiplexing
devi ation signal x(t)= [err] a signal equipnment nmay then be applied for

feeding 60 A the information
en the nmeasured deviation [err] * X(t), which is close to the
S|gnals x(t), y(t) and [err] to the conput?r. hi gh frequency part [err]

of the wave com The high speed at which the various cal- 5 ponent
present in the deviation signal x(t). CLA&IM&tions may be carried out
all ows the devi a- This conputation can be carried out, since tion
signals to be processed within extrenely 65

smal |l tinme periodsg, thus na t he tered | east are
oriterium heeda dniy & Beied b pnitschiGRE R data respudipei conprsing the steps

correl ation functions, signals [err] avail abl e al nost
i nst an- of: 2) [err] are in different fre- taneously, once the
i nformati on on the devia- 10 guency bands, and

tion of the vesselprévidimgtahglasicldse gplate odudh as a fidface, the glass base plate having a
thermal shock threshold fluence level above which the glass base plate is fractured;
polishing said surface;

concentrating laser energy pulses upon a plurality of spaced-apart locations over
a treatment area of said surface to produce a bump with a maximum diametral dimension
Dy on said surface at each said spaced-apart location, wherein each laser energy pulse has
a laser energy fluence f, at said each spaced-apart location which is Iimitecil to said
thermal shock threshold fluence level; and

depositing over said surface a film of magnetic data recording material to create
a data recording layer.

2. The method of claim 1 wherein each laser energy pulse has a duration t,
in an interval 10® to 107 seconds and a maximum spot diametral dimension Dy » Dy in an
interval 1 to 500 micrometers.

3. The method of claim 2 wherein each laser energy pulse has a
wavelength A, such thaf the optical penetration of said laser energy pulse in said glass
base plate at said each spaced-apart location is in the interval 10°® to 10 meters.

4, The method of claim 3 wherein said bump has a maximum bump height

hg in the interval 1 to 1000 nanometers. T REPLACEMENT SHEETS G
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3) the power spectrumof [err] does not has been neasured by the nmeasuring

equi p- change over the period [err] which allows nent.

conmputing of [err] prior to tine For neasuring the deviations along two
€o-ordi nates (perpendicul arly or non-perpen- [err]

dicularly arranged with respect to each other), 75

a taut wwre may be applied, which wire 15 The quantities [err] and
extends between a fixed point on the sea 13 [err] as described above, may
for practical bottomand the vessel, and is provided with pur poses
have t he foll owi ng.val udhe iethod ¢ claimeain svhieerin reaels saidnspacbd-apary | lesatioat iseen
t he be understood that these values are preferred wre and two pl anes.

Further, theligofd®apdP from aV A& neighbdhhe RaidgaddiPhpasidcation byt 4 enihiives -
nuner ous other types of position neasuring 20 tionis not limted.

equi pnent , %Pﬁi}atﬁﬁl &gﬁ%ﬁ&hﬁ%sﬁg on acoustic
I'c €

or electrical"waves transmitted from [err] =tinme w ndow
over which sanples are i xed _pQqi nts. and i ch, en detected b ..
taken of the devi &ion s—l}'[hﬁn’é‘leﬁb‘?gt?ttzﬁ](ﬁﬁn ]r\é\f@"éf"\}%re@c h SRpCEraPHE location) Is

can give an 85 to 2000 seconds. . . indication
of the posi tsepatated fromea pearest neighbgting said spaced-apart dgegtien by gespawing distance D
deviation signal to these points. Al these types of position 25

x(t)=0. 1-1 sebsaially less than said maximum diametsludimensianDi,prienchy apluvadity ofithe

ot her types ' suitable for
the purpose buipR iégvvitethefeheighboring BuPs o fiin & shistinhlly G%%tﬁﬁtous ridge on

auto-correl ati 6n and hence not described here in detail. function
[err] IS Gafy'd ut once in every The angul ar devi ation with respect
to an perio err] =1 to 1000 seconds. The sane axis nmay be neasured

by means of any €GUI P* A method of making a data recording disk comprising the steps of:

providing a glass containing substrate which has a surface, the surface having a
nominal surface plane;

directing a plurality of laser pulses at a plurality of locations on the surface of the
glass containing substrate, each laser pulse having a fluence f; and a duration t, at a
respective location on the surface of the glass containing substrate;

the glass containing substrate having a threshold thermal fluence level at each
location above which the glass containing substrate shatters and/or results in material
gjection; and

each laser pulse having a fluence £; and duration t, which is selected to produce a
Eﬁmp of diameter Dy and of a height hy above said nominal surface plane at each
respective location without exceeding said threshold thermal fluence level at said
location.

8. A method of making a data recording disk as claimed in claim 7

wherein:

This is the replacement sheet
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, period applies for steps ¢ and d. ment suitable for the purpose,

such as a com 30 Steps e and f for calculating the value of pass
nounted on the vessel. It will be under- the control signal [err] are
carried out every stood that control of this co-ordinate is not 95
[err]=0.1 to 1 second. al ways required, and that the
dynam c station- The length [err] of the auto-correlation func- ing
met hod according to the invention may I#ion [err] is between 200 and

1000 also be restricted to a control of the deviations 35 seconds.
al ong two co- or di reeplasalionbfjlaser pulses dtealiteetad hedebof pt lehst stume afithe-locatioak &1 on

func- The separate vector adding unit applied 100 ‘tion [err] is
bet ween 100 iﬁ&@aﬁg.@ thefiRight of e4thdulritatishig cuSICo it SeabEohde oMiheldcations; and
are to be supplied to the propulsion units seconds.

6 and 7, may be ond.id lrdify BP&s?E h%lﬂk@s?ﬁa%‘ a é)ulse_re Boh SR vifsH izf OsQfe fd

€
. o .
i npul se response units are o Voi t h- Schnei der type, 8ince err] is

105 i RO RERRY ormal tuence 6181 3':8E Bichodd disei BT R Rimelal’cy

t hese pro- The length [err] of the high pass filter pulsion units.
[err] i s Belemelpns0 and 250 seconds. The neans for reducing the
devi ati on of It will be understood that the cal culations the vessel
shown in Fig. 1 frdm a fcopthed ofsmaliimgen datey eeconling diskr a5 elpiroed inclaim 7
determ ne the position conprises two propulsion wunits. 110 val ues
of the signalkergimtr] are simlar However, the invention may al so be

appl i ed to the calculations described with reference for dynamically

stationi ng vessel st abligBPRbf each binp Iefrérh AN8!100@hdronitidds;laaat t he val ues of
the wth any other type of nmeans for reducing periods in which these

cal cul ati ons take tﬂjaﬁ&?netertﬁ‘deofqﬁé’f)tﬁhb?snfror;meﬁ%()mﬁﬁ&%nﬁ%.i ncl ude one,

10. A method of making a data recording disk as claimed in claim' 7
wherein each bump is a smoothly shaped dome free of surface cracks and material
ejection.

11, A method of making a data recording disk as claimed in claim 7
wherein each said spaced apart location is separated from a nearest neighboring spaced
part location by a cente; to center spacing distance Dg » Dy which is from 1 to 500
micrometers.

12. A method of making a data recording disk as claimed in claim 7
wherein the duration tp is from 10" to 10" seconds and the laser pulse has a spot size Dy
aé each respective location which is from 1 to 500 micrometers.

13. A method of making a data recording disk as claimed in claim 7
wherein each laser pulse causes near surface heating which melts the substrate at each

respective location.

This is the replacement shest

L

20 JuL 199



LY

50 as well as the lengths of the auto-correlation three or nore

propul sion units of any suitable 115 functions, the tine w ndow and the
filters design, and/or one or nore rudders, all these are preferably
equal to the values discussed neans, or at |east sone of them being con-
with reference to signal [err] trolled by control signals
derived from the It will further be_understood that although

devi ation signals. 55 the calculations réﬁuired for determ ning the
Alternatively, the controllers provided with 120 values [err], as well

as the vectorial I opordimethpd afomakipgi odatal secording digki aseclgiggdiin claim 7
additions thereof may take place in separate integral action may be
applied for whaeiasaid laser pulbetitas ai wavelengthl X awhick @ailises ppytiation of gl Bsed Pulse

ing the signals x, y and [err] or the signals [err] 1, 342, 252
[err] i1nsteagGhe bilude%: Slch Ib&tioh-on tROSRLRE Mond f0 PRI 10dh&ak! ¥ det erm ned
and the en applying a single computer instead of |npul se response of

s mrimm ey (451 bl AL E RSPy FRRHLE i R
| Tke the Vecvtvl?erreigd ci= Qu strgtte %gogglgz sabé%? sI lg.geir %gelarlggf inS X Plgsrt] (sapseic%rgldrefgirog @né rtllileslaser
pulse has a wavelength A, which is in said first spectral region.
16, A method of making a data recording disk as claimed in claim 7
including the step of:
depositing a layer of magnetizable material on said glass containing substrate.
17. A method of making a data recording disk as claimed in claim 16
wherein:
| the magnetizable layer has annular recording and CSS regions; and
all of said bumps being located in the CSS region.
18. A method of making a data recording disk as claimed in claim 7
wherein the glass containing substrate is composed essentially of glass.
19. A method of making a data recording disk as claimed in claim 18
wherein:
a plurality of laser pulses are directed at each of at least some of the locations for
iﬁcreasing the height of eéch bump at said each of at least some of the locations; and
said plurality of laser pulses have a pulse repetition rate F, which is selected so
that said threshold thermal fluence level is not exceeded at said each of at least some of

the locations.
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5 wunit, be incorporated in the conputer. auto-correl ati on function.

* Alternatively, the processing steps described 2. Method according to
claiml1, wherein with reference to Figure 9 in relation to the the
auto-correlation function of the signal that ~deviation signals x(t),

y(t) and [err] may be is representative of that part of the deviation 70
applied for processing the vectors [err] and signal which is in the
frequency band com 10 [err] which are oHfained froma vector add-

prising the selected part of the wave com ing unit to which the
signals x(t), y(t)2@and Aomethiododf miakindey idatai eoodimgndiskis deimsxdrinnedim 18
[err] are fed. by convol ution of the

aut o- cor r el afvh&eirf Badr bump is alBROSBEELEhdpee JdXe fredtdfefiifibé QackBBinlOfhatetiaPn
of the deviation signal with the inpulse 75 need not be applied to al

t he conponent:s. response of a filter having an anplitude 15 the signal
i ndi cating the deviation of a vessel spectrumwith relatively high val ues

band. conpr i si ng 1t eLsel e BRI o Making s 85%, 65 el Tah Bt e B0

applied to of the wave conponent present in the devi a- control the
devi ation VWB#BEBrents x and y tion signal, and relatively | ow val ues for
fre- 80 only guenci es outsi de this band, and further hav-
20 The met hod nﬂaymwhthwfd@ehhwppmﬂomdrto 10A¢ nanopketers; andect r um t hat i s
zero for all fre controlling the deviation along a single

guenci es. co- othdidimmheterdd]} of the bodp ésfrémrl 0@0 hdtdontegers.he 3. Met hod
according to claim 1 or 2, deviation in a rotational sense. This wll

be wherein the fijger Imbﬁ@drﬁsmmﬁg ) %atiW%cordﬁr% disk #8f clhinded BS blaphen
steering a ship in a fixed thesized by deconvol V|ng the aut o- correlatlon

e gnal v t b Phertlieah!id Spacdl Bpatf Rloalth & Bpfigied SIS defbsd heiphiborthl (bl
t hat

correlatlonfuntl n t he si naI LS
Tocagon %y a center ?o center spacing distance Ds » Dd which is from 1 to 500

micrometers.

23. A method of making a data recording disk as claimed in claim 22
wherein each laser pulse causes near surface heating which melts the substrate at each
respective location.

24. A method of making a data recording disk as claimed in claim 23
wherein the duration tp is from 10 to 10 seconds and the laser pulse having a spot size
D, at each respective location which is from 1 to 500 micrometers.

25. A method of making a data recording disk as claimed in claim 24
v.vherein said laser pulse has a wavelength A, which causes penetration of the laser pulse
into the substrate at each location on the surface from 10 to 107 meters.

26. A method of making a data recording disk as claimed in claim 25
wherein the substrate strongly absorbs laser énergy in a first spectral region and the laser

pulse has a wavelength A, which is in said first spectral region.
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tion of the wave conponent in the signal representative of that part of

t he devi ation I ndicating the deviation from the pre-selected signal
which is in the frequency band com 90 headi ng i s renoved therefrom
-by the filter- prising the selected part of the wave com 30 ing
techni que according to the invention. The ponent of the deviation signal.
filtered signal is then supplied to the actuating 4. Method according to
‘claim 2, wherein means of at |east oné7of the rudders of the the

| ength of the auto-correlation function of vessel and/or to the
actuating neans of27ro- Athehdé\wfahaking 3 gnalrecgdingtdisieas 2Mmaddn 1080h 235
pul sion neans suitable to apply forces acting seconds. 35 athwartships.
5. Method aGgalidingdhd geﬁbﬁ.i m 4, wherein

the tinme gate over which the deviation signal VWHAT WE CLAIM I S: -

| s auto-correlat egieggggﬂgg%%gxﬁﬁéﬂéﬁﬁ%lg&gteﬁal on sid Eﬁéé‘&‘ﬁtiiﬁk%gme‘?a' ly

mai ntaining a an

floating vessel i desj red sistion or a . sired.cour.se, which
vessel is provi degz%i th A metg.g(?l\()gt %&ng,%ixﬁ@rihgg ‘gﬁ%lia% ,“\‘Rﬂié?e‘?lﬁmh@c’
means for measuring along at |east one the length of the zero-phase shift
filter is WiR¥YDprdi nate the deviation of the vessel from between 50
and 250 seconds. the desired position or course said nethod 7.

Met hod accordi ng tthe sagnetiveblsflayen bas annulan cécortlingjand @SS tagponspind

clainms 1-6, wherein the auto-correl ation of 105

the signal that | salfefizarBamimtbeis lotatédimtth@ 68 region. 1) generating in the
time domain a devia- of the deviation signal which is in the fre- 45

i e - s T i AR
conponent of the %X%ﬁﬂgoéh SlefRAH which is composed essentially of a glass material which
has a thermal shock threshold fluence level above which said glass material is fractured,
the element having a surface; ;
concentrating pulses of laser energy selectively on a plurality of spaced-apart
locations over a treatment area of said surface to alter the topography of said surface in a
target area at each said spaced-apart location, each pulse of laser energy having a fluence
f, at said eaﬁh spaced-apart location wherein the fluence f; is less than said thermal shock
threshold fluence level for Said glass material;
each pulse of laser energy having laser energy E, a duration t; and a focussed
spot having a maximum spot diametral dimension Dy, wherein E,, t, and D, are selected
to limit said fluence f, to a value below said thermal shock threshold fluence level,
whereby a bump is formed in said each target area, said each bump having a maximum
bump diametral dimension Dy and rising to a maximum height hy above said surface; and

said duration t, being in the interval 10” to 107 seconds, said maximum spot

diametral dimension D, > Dy being in the interval 1 to 500 micrometers and said pulse of

WY e
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tion signal results fromwave action on is determ ned once in every period

sel ected 110 t he vessel; froma range
of 1 to 1000 seconds. 2) filtering the deviation signal to renove 8.
Met hod according to any one of the 50 a selected part of the wave
conmponent clains 1-7, wherein the length of the mni- of the

devi ation signal; . mum del ay filter inpul se response is between
8) deriving a control signal fromthe devil3 50 and 250 seconds.

115 tion signal having the selected part of 9 . Method according

to any one ofasthéner %y having-a Wagelepte A; OuGhQh& ke dS;ﬁimM%ﬂleirﬁtﬁfrﬁfﬂsﬁm pulsel ¢¥ 18%r
1-8, wherein the filter inpulse res- 55

ponse is syngﬁu@é&;& i@ c'far?s &Vtﬁéﬁlta%'él'ﬁ* n{ieg‘,%%suppl ying the control

signal to neans ecte roma range of seconds.

capabl e of reduc t od accordi ng L ny o0 of
the 120 rdlour ed Berisip e, %?r‘a%sm% oG iy o B e
t he deviation sig | S

sanpl ed oncelft PFVéCEF%/IQ@ran%@FSeCt ed fromwherein the auto-correl ation
function of the a range of 0.1 to 1 second. 60 signal that is
representative of Bhat pdbe methedof claim)29 vihereinl stidrsufape sirorgly \absorbs laser
mai nt ai ni ng a deviation signal which is in a frequency band floating

vessel in a dnapydia fleaspbdtaud refiodandsal® Wavelengtd AP isi ifisaid ﬁrb@sp‘é&kﬂ&égidnﬁﬁﬂt
of the wave desired course, substantially as described with

said pulses of laser energy are generated by a carbon dioxide (CO2) laser.

—

32. The method of claim 29 wherein each said spaced-apart location is
separated from the nearest neighboring said spaced-apart location by a spacing
distance D; » Dq.

33. The method of claim 29 wherein each said spaced-apart location is
separated from the nearest neighboring said spaced-apart location by a spacing distance
Dy substantially less than said maximum diametral dimension Dy, whereby a plurality of
said bumps merge with their neighboring bumps to form a substantially continuous ridge
on said surface.

34, The method of claim 29 including the step of depositing on said surface
a film of magnetic data recording material. |

35. A method for texturing a substrate composed essentially of a glass
material comprising the steps of:

providing a substrate composed essentially of a glass material which has a
thermal shock threshold fluence level above which said glass material is fractured, the

substrate having a substrate surface;

e
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8 1, 342, 252 [err] instead of
the vectors [err]. conponent is periodically determned and the When
applying a single conmputer instead of inpulse response of a m ni num del ay

filter the calculating units shown in Figure 9, these adapted for

filtering the deviation signal in 65 controllers may, just like the
vector adding step 2 is periodically synthesized fromthis 5 wunit, be

‘incorporated in the computer. auto-cldrel ati on function.

Al ternatively, the processing steps described 2. Method according to
claim 1, wherei nconcenmiatitg peker efsert enckiyysalect@elynon elploiatity 60 spaved-aphe
auto-correlation function of the signal that devi ation signals x(t),

y(t) and [ elsdatibhs 6%t Deeatinent &s SFeaidaubstartofurtdtatio pher theftopdigaslgvbBidian
70 applied for processing the vectors [err] and signal which is in the

frequency b%ﬂlﬁistx‘&‘éé‘@\g?é%e th ‘irtﬁy}%ehe' GFht 3h&h QY 3Bl apdrP BeatNE Calli gﬁ%t@ﬁ)g laser

prising the selecte art of wave com Ing unit to whi

signals x(t )egeré)({ tl)av%@da ﬂugfc@eﬂtat lia'ddth 9&‘5&%&{‘1&5 a!wﬂe§eig eﬂt:% @%r?ceedfp is

[err] are fé&d: convolrution o

auto-correlation fungc- he sel.ective waye attenuation pethod tion of
the deviat i Sg*%dcwlﬁ’i*?lﬁh@h%aﬁ@gﬁu?@ele"e\{ﬁl;éﬂd sgatetighiangdy to al |
the conmponents of response of a filter having _an anplitude 15 the signal

i ndi cating the deeach palse of lager, enpsgy bawpe eneraynbaia durptiomty and § fogugsedysiotes
for the froma desired position. If desired, the nethod frequency band
conpri si ng hheinged maxistimp apot diametaadodimension Dy, whereinnkig ity and Dyeare Iselectpdito ed
to of the wave conponent present in the devia- control the deviation

conponent s Xinfin§hid flubad¥E, 36 §RValue belb 5l dicknigll shotlothirashbldefucnoé léveEwhe@By
only. guenci es outside this band,

and further ;Na\sp is formed in said each target area, said each bump having 2 maximum bump

diametral dimension Dy and rising to a maximum height hy above said substrate surface.

36. A method as claimed in ¢laim 35 wherein said substrate is composed
essentially of a glass base covered with a film of magnetic data recording material.

37. A method as claimed in claim 35 wherein said duration t, is in the
interval 10” to 107 seconds and said maximum spot diametral dimension D, > Dy is in
the interval 1 to S00 micrometers.

38. A method as claimed in claim 37 wherein said pulse of laser energy has
a wavelength A, such that the optical penetration of said pulse of laser energy in said glass
material is in the interval [107%, 107 | meters.

.’ 39. A method as claimed in claim 38 wherein said substrate is composed
essentially of a glass base covered with a film of magnetic data recording material.

40, A method as claimed in claim 35 wherein said maximum bump height

hg is in the interval [1, 1000] nanometers.

T
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20 The nethod may further be applied for ing a phase spectrumthat is

* zero for all fre controlling the deviation along a single
guenci es. co-ordinate only, such as for controlling the 3. Met hod
-according to claim 1 or 2, deviation in a rotational sense. This wll
be wherein the filter inpulse response is syn- 85 of interest when

steering a ship in a fixed thesized by deconvol ving the auto-correl ation
25 direction. The ship is then kept on @%re- function of the deviation
signal with the auto- sel ect ed headi ng and the high frequency por-
correl ation funct#bn of Atithethed gsalairhéthin dlam 35 whéerein seid pulse efdeser enengghant
in the signal representative of that part of the deviation I ndi cating

the devi ati @ivaveleMhi)&ubl fabRlesptiesl pebétaifidh ofiig Pulss of RsdritedeyeMlugacy band
com 90 heading is renoved therefromby the filter- prising the

sel ect ed pa%soﬁlgﬁgﬂﬁl ‘W?‘ﬁﬁ?"&ﬁ@‘.“g rl‘@“ﬁﬁx%{k?s‘;.q“e according to the

.invention. nen afion®signal . filtered signal is then

supplied to the ac¢tuating ) t.hod .accordi.ng. to. clajm 2, wherein
neans of at Ieastg%ne 02 ’?’ﬁ%‘oé@ﬁ'c\{’gar‘@e fin f?ém%tlh@h?'@ﬁgiaﬁ gfiassc Wétemlesuongly
auto-correl ation function of vessel and/or to the actuating nmeans of
pro- the debsozhs lsgersengngy in ¢ fiwst wpeorabowicmand 6aid waglength pylis i waidefirss
suitable to apply forces acting seconds. 35 athwartships.

5. Method agmotral segiono cl ai m 4, wherein

the tinme gate over which the deviation signal VWHAT WE CLAIM | S: -
i s auto-correl ategzhas a meidlasRedimeenn 208m 42 wheretn sd¥®is0ratells composed

dynami ca:c : y maintaining a and 2000 seconds.
100 . . . L . 1
whi ch vessel =AY T Gats bafh ARRIGRAIER AL, o BaBleslafh recorsEAEERECETD o

means for neasuri al o at, l.east, one .the, | th of the .zero-phase shift
filter is 29 Rgme%hod as clai(1)n in claim %ggwﬂereljn salcf duratlonptp ais ein e

interval 10 to 107 seconds and said maximum spot diametral dimension Dy > Dy is in
the interval 1 to 500 micrometers.

45. A method as claimed in claim 44 wherein each said spaced-apart
location is separated from the nearest neighboring said spaced-apart location by a spacing
distance Dg > Dy.

46. A method as claimed in claim 45 wherein said substrate is composed
essentially of a glass base covered with a film of magnetic data recording material.

47. A method as claimed in claim 44 wherein each said spaced-apart
Iocation is separated from the nearest neighboring said spaced-apart location by a spacing
distance D; substantially less than said maximum bump diametral dimension Dy, whereby
a plurality of said bumps merge with their neighboring bumps to form a substantially
continuous ridge on said substrate surface.

48. A method as claimed in cl';iim 47 wherein said substrate is composed

essentially of a glass base covered with a film of magnetic data recording

I This is the replacement sheet

O O ) ouee 20 JUL 108



co-ordinate the deviation of the vessel from between 50 and 250 seconds.

° the desired position or course said nethod 7. Method according to any
one of the i ncluding the steps of: clainms 1-6,
-wherein the auto-correl ati on of 105
the signal that is representative of that part 1) generating in the

time domain a devia- of the deviation signal which is in the fre- 45
‘tion signal representative of the measur & guency band conprising the

sel ected part of devi ati on a conponent of which devia- the wave
conponent oRafekal. devi ati on signal, tion signal results fromwave
action on is determned once in every period selected 110 t he
vessel ; 49. A method of texturifig e swdaceadige elpinebt canmixdty thectepssf:

2) filtering the deviation signal to renove 8. Method according to any
one of the 50 rovilifed f6i-aRtaliad britdt elch@nvvatih Gasp eneite, the lsaifide hhvihg a
wherein the Iengt% of the mni- of the deviation signal;

mum del ay fid LPUL pRngesSponse i s between 3) deriving a control
signal fromthe devia-- 50 and 250 seconds. 115

tion signal having t . r . i any one of
the ! nepdsoDe BRBEHE R0 plier o KoL RT IRERGH R e OGRS
the filter inpulse res- 55 .an . . .

ponse i s syFIFREY Seh BHE SIS %%f%&%& and a duratign t g B PoSPREfeCROR b
signal to neans selected froma range of 1 to 1000 seconds. _

capabl e oftherséﬁ%RﬁQfgheﬁlﬁ@en@evi ation 10. Method according to any one of

the 120 nmeasured al ong t he co-ordinate, claims 1-9, wherein
t he devi ati on si gthal elersent having a threshold thermal fluence level at each location above
sanpl ed once in every period selected from wherein the

e o e T
mal nt al Nl NG, Yuence f, and duration t, which is selected to produce a bump of diameter Dy and a
height hy above said nominal surface plane at each respective location without exceeding
said threshold thermal fluence level of the element at said location.
50. A method of texturing as claimed in claim 49 wherein:
a plurality of bumps are formed having substantially the same height, hy; and
each bump is a smoothly shaped dome free of surface cracks and material
ejection. |
51. A method of texturing as claimed in claim 50 wherein:
the height hy of each bump is from 1 to 1000 nanometers; and
the diameter Dy of the bump is from 1 to 200 micrometers.
52. A method of texturing as claimed in claim 51 wherein each said spaced

apart location is separated from a nearest neighboring spaced part location by a center to

center spacing distance Ds » Dg which is from 1 to 500 micrometers.

n
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deviation signal which is in a frequency band floating vessel in a desired

position or on a 125 conprising the selected part of the wave desired
course, substantially as described with 1, 342, 252

-9 reference to Figures 7-9 of the acconpany- present in the deviation
signal and relatively I ng draw ngs. | ow
val ues for freqgencies outside this band, 12. Means for dynam cally
’nalntalnlng a and further having a phas@ spectrumthat is fl oating

vessel in a desired position or on a zero for all frequencies.
45 5 desired coubde, campethed nftekniring asyphimed foelaim 52 aheiim e dwatiording t o
claim 12 or 13, nmeasuring along at | east one-co-ordinate the

conpri sing ﬁ'oﬁx\’ﬂf%m 0O scBéuitis!dntl Ghd laser@RIsk Aas a spot@RxiDyladt @ichofespdativy Beatidn
fromthe desired posi- tion signal and storing a |imted nunber of

tion or COU{'vﬁf‘chalE‘@roBPI t&mlﬂ&eml nthe time sanples with relation to

the sanpling t omal n, a deviation signal that is representa- by

di scardi ng t.he ol g&‘“ >A Befho 82t tllj.léIE%g% @Sné‘cpm Ll 59" whdEin BESMrELhe is

devi ati on whi ch devi a- arrpl e
composed essentially of glass.

55. A m&ﬂwd of texturing as claimed in claim 49 wherein:

a plurality oflase:r pulses are directed at éach of at least some of the locations for
increasing the height'o_fﬁach bump at said each of at least some of the locations; and

said plurality &_Iaser pulses have a pulse repetition rate F, which is selected so

that said threshold thermal fluence level is not exceeded at said each of at least some of

the locations.

56. A mztliod of texturing as claimed in claim 49 wherein the element is
composed essentially of glass.

57. A method of texturing as claimed in claim 56 wherein:

a piurality of laser pulses are directed at each of at least some of the locations for
increasing the height of each bump at said each of at least some of the locations; and

said plurality of laser pulses have a pulse repetition rate F, which is selected so
that said threshold thermal fluence level is not exceeded at said each of at least some of
tﬁe locations.

58. A method of texturing as claimed in claim 56 wherein:

a plurality of bumps are formed having substantially the same height hy. and

each bump is a smoothly shaped dome free of surface cracks and material

ejection.
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tion signal incorporates a conponent resulting 15. Means according to

* any one of clains fromwave action on the vessel, (2) a con- 12, 13
and 14, wherein the systemfor syn- troller, (3) signal comrunicating
means suit- thesizing the mnimum delay filter inpulse able to be

connected to neans adapted to response is capable of deconvol ving the
auto- 55 15 reduce the deviation of a vessel as neasured correlation
Tunction of the deviation signal by al%ong the co-ordinate, and (4) a
filter for the auto-correlation function of the signal attenuating a
sel ected part of tHe wavenethod of kxturing aeplesehimtliaie I whesin phe telepdent he
ponent present in the deviation signal, the deviation signal which is in
the frequengyongly #b86dbkOlab@r eregly tifea ffirkt efechal AEEiDQRAL fhy ClaYerCpillse KHaNS
conprising the selected part of the wave 60 20 nected between the

measuri ng Sﬁb&%@g%mﬁﬁ%@@%S?‘Iffétrawéﬁgﬁyi ation signal, the neans

si gnal comruni ca n*neans, further conprising a system

for convol vi ng ter inclydes a systemfor periodically deter-_ this
filter inmpul se reffonse ogﬁ)ét ing as clai rﬁ’rfgmi“h@ %F‘S%%"P‘#&SS’E pPuise
function of the tion signal, and a subtractor for subtracting si gnal
that is rephasemauclengthdl, which caes perfetrativreof e daser piilse krite theatlement at each
convolution fromthe 65 25 the deviation signal which is in a frequency

devi at i on Sjgg@één on the sodfack BomPOtbNg nitersel ect ed part of the wave 16.

Means for dynam cally maintaining a conponent, and a system for
periodically syn-gqfl oail %8%F } gaaéjrﬁﬁh{ RSt :
t hesi zi ng a m ni mum del ayﬁ I ter%+xnpui se res-eaq%e%???(?%%%élﬁgée%?ﬁlasa pulse

Pt 011 1 Lt B0 i R 5 SO0 B G g, Turt on
cal cul ati ng' t he. aBto- coPBRBed oF By % GRLEFER <im Hmigial that i s
representa- the height hy of each bump is from 1 to 1000 nanometers; and

the diameter Dy of each bump is from 1 to 200 micrometers.

63. A method of texturing as claimed in claim 62 wherein the duration t, is
from 10 to 10™" seconds and the laser pulse has a spot size D, at each respective location
which is from 1 to 500 micrometers.

64. A method of texturing as claimed in claim 63 wherein:

a plurality of laser pulses are directed at each of at least some of the locations for
increasing the height of each bump at said each of at least some of the locations; and

said plurality of laser pulses have a pulse repetition rate F, which is selected so
tilat said threshold thermal fluence level is not exceeded at said each of at least some of
the locations.

65. A method of texturing as claimed in claim 63 wherein the element

strongly absorbs laser energy in a first spectral region and the laser pulse has a

wavelength A, which is in said first spectral region.
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tive of that part of the deviation signal which R C. ROCGERS,

Is in the frequency band conprising the Chartered Patent
Agent, 35 selected part of the wave conponent of the

Shel |l Centre, devi ation signal is capable of convolving the

London, S.E.1. auto-correl ation function of the deviation sig-

Agent for the Applicants. nal with the inpul se response of a filter
hav- ing an anplitude spectrum with2telatively Ref erence has been

directed in pursuance 40 high values for the frequency band conpris- of
section 9, subsedi.on (A)mathod hbteRairmgtas claimed imglairh @5 seierain sdidplaser ppfiset he
wave conponent Act 1949, to patent No. 994, 996. Printed for Her

PUDl T shed B The R A o o B e Rl aR ™ SEOA] AY
from location on the surface from 10 to 107 metMli ch copies may be obtained.
67. A method of texturing as claimed in claim 66 wherein each laser pulse
causes near surface heating which melts the element at each respective location.
68. A method of texturing as claimed in claim 67 wherein:
a plurality of laser pulses are directed at each of at least some of the locations for
increasing the height of each bump at said each of at least some of the locations; and
said plurality of laser pulses have a pulse repetition rate F, which is selected so
that said threshold thermal fluence level is not exceeded at said each of at least some of

the locations. i
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A METHOD OF TEXTURING THE SURFACE OF A BRITTLE MATERIAL

ABSTRACT

A process is disclosed for creating an array of bumps to texture a brittle surface,
such as a glass substrate (12) for data recording disks. The texturing process uses a laser
(10) to provide pulses of proper energy fluence to the brittle glass surface (14, 16) to
produce a plurality of raised bumps in the surface. The bump creation is accomplished
without unwanted micro-cracking or ejection of surface material by limiting the laser pulse
fluence to a value in a marrow operating region discovered below the abrupt thermal shock
fluence threshold for the brittle surface material. The process is also applicable to other
brittle surface textures, such as those intended for use as "stamping surfaces" for the contact
reproduction of the negative of a surface pattern, such as an optical disk.

Fig. 1
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