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LASER TEXTURING APPARATUS WITH DUAL LASER PATHS HAVING
AN INDEPENDENTLY ADJUSTED PARAMETER

This application is related to a co-pending U.S. applicafion, Serial Number
08/426,778, filed 04/11/95, entitled “Apparatus and Method for Acquiring and
| Analyzing Interferometric Images," by Alan. D. Dorundo, et al., having a common

assignee with the present invention, the disclosure of which is hereby incorporated

fo_r reference. This application describes a method for acquiring and analyzing

interferometric images first to locate surface defects using moving images produced



S

«appl i cation, Serial Nunmber 08/150, 525, entitled Procedure Enploying a
“bi ode- Purrped Laser for Controllably Texturing a Disk Surface," by Peter
Baungart, et al, filed Novenber 10, 1993, the di scl osure of which is hereby
i ncorporated by reference; U S. Application, Serial Nunmber 08/ 613, 564,
filed March 11, 1996, entitled Apparatus for Laser Texturing Disks," by M
Barenboim et al, the disclosure of which2is hereby incorporated by
ref erence;  and U. S, appl.ication, Docket Number BC9-96-042, entitled ~
"Opti cal ABMarsaaaﬁlngdPOMmr@etaﬁnLta@@alvzemedefﬁyts fagipdin this wayRisingha static et
al ., filed; ,ﬁg@h hod. 1996, the disclosure of which is hereby
I ncor porate re erence A co-pending U S. application, Docket Nunber

BC9- 96- 050, ent i t Aenurhiset ofoed-péndihgridS. apbhd%tmhslhavwmcommn assignee with

ar at filed t ober 6, and _having a conmop a nee th the
ot "SI PEESa invaion deecihe PRPBIAtS SREL RIPCESHES TRl eHtUTRG, Rl FRAUIAT t o

det erm ne f ¥ a
fost surfaperon ‘?fﬁ%%"?ﬁ%“%k%ﬁ forkiihifa Dontiet JRESIORITES) fion THRDEL e
entitled " magnelic hgasofa diskdrive assnﬂaced g thes'etatimnfuhe disid isesioﬁpeahba‘helo,
1996, and a I Rg_a_connon. assi th t ent nvent cribes
the use of e&ﬁ ‘?ﬁ@(?%ﬁsér@lfu‘?"% 'ecquﬁ?t&? 9 'B%%‘%!ﬂﬂ é the
pattern al disk, hRd Hencbanmirhizes dirhlige lt@tﬁ’e i uerﬂyaal %tat'Bﬁ'df(me mr@s

| aser text ur| ng rocess producing a sp| ral pattern of t ext ur.ed spots, the

di sk and ttoppedeand subseaventii: rerstasted.: Exemplart of thaseaapplications areHdiS.one
. application, Serial Number 08/150,525, entitled *Procedure Employing a Diode-

Pumped Laser for Controllably Texturing a Disk Surface,” by Peter Baumgart, et al,
filed November 10, 1993, the disclosure of which is hereby incorporated by reference;
U.S. Application, Serial Number 08/613,564, filed March 11, 1996, entitied
"Apparatus for Laser Texturing Disks," by M. Barenboim, et al, the disclosure of
- which is hereby incorporated by reference; and U.S. application, Docket Number

BC9-96~042, entitled “Optical Apparatus for Dual Beam Laser Texturing," by Michael
Barenboim, et al., filed September 4, 1996, the disclosure of which .is hereby
incorporated by reference.

A co-pendmg U.S. application, Docket Number BC9-96-050, entitled
*Optical Differential Profile Measurement and Apparatus,” filed October 10, 1996, and
having a common assignee with the present application, describes an interferometer
configured particularly to determine a difference in height between two spaced-apart -
test spots on a test surface.

A co-pending U.S. application, Serial Number 08/710,806, entitled "Optical
Apparatus for Inspecting Laser Texture, filed October 10, 1996, and having a

common aSS|gnee with the present invention, descnbes the use of an rnterferometer
to measure textured spots extending in a pattemn along the surface of a disk. In a first
embodiment, following a laser texturing process producing a spiral pattem of textured
spots, the disk and the interfferometer are moved, relative to one another, so that one



ctest spot of the interferoneter traverses the textured spots while the
other test spot is noved along a flat portion of the disk surface. In
second enbodi nent, the interferoneter is built into the |aser texturing
device, so that feedback is provided to vary the texturing paraneters on a
real -tine basis. A-co-pending U S. application, Docket Nunmber BC9-96- 053,
entitled "Apparatus for Optical Differential Measurenent of 3ide Height.
Above a Magnetic Disk," filed Cctober 10, 1996, and having a conmopbn

assi gnee witddt spbtopthesiatérferprietentraverses tise texturedispots sdilefthamther test spot

i nterf t t h I n . the,qglide height of I nul at ed
mgnet i ¢ hEadayRs) alongragfiek Perionsel e dikestfacs- Bsteconct smbadimet.une
appl i cati Oihteﬁefdﬁ%‘éteW{t Iirﬁ%@@aéé‘?%xtﬁﬁﬁqgggﬂe, dihéﬁbe&ﬁaae A&l provid¥d to

Rapi d Defect Analysis, ed Cctober 10, , and having a conmon
assi gnee wvaty thedepturingrparameters ema reaktimethasisappar at us i ncl uding a fi-rst

e o TSR HodAOhdt S Mk, SR Nl EES g0 85 et
BACKGROUND*Abpdidtud to¢rdpticdl Diffetehtial Mdzsutemant ofGiide) Height Alidvera Madritities

to apparatus and net hod for Val’él ng the attenuation |evels of |aser beans

used to teliske filad)Ratolber 19k I996nand having ar eoromoan assignee witl dhe dresent
(oot o SO Bk it 1B o U BTORRIAST Rabltd aodt e gide
texture di hisight ob e simukited magneticiead above a magnetic disk surface under test. '
A co-pending U.S. gpp‘_lication, Docket Number BC9-96-055, entitled
“Optical Apparatus for Rapid Defect Analysis," filed October 10, 1996, and having
a common assigneé with the present invention, describes apparét'us including a first
type of interferometer (apidly scanning a surface for defects and a second type of
interferomet_er providing surface profiles of the defects.

Field of the Inventi

This invention relates to apparatus and method for varying the attenuation
levels of laser beams used to texture magnetic disks, and, more panicuia'rly, to the
sequential variation of attenuation levels and other parémeters within a disk texturing
device having two optical paths used in an alternating fashion to texture disks from
separate sources. |

Current hardfile drives use a Contact Start-Stop (CSS) system allowing a
magnetic head, used to read and write data,_ to contact the surface of a magnetic disk



¢Background Information Current hardfile drives use a Contact Start-Stop
(CSS) systemallowing a magneti c head, used to read and wite data, to
contact the surface of a magnetic di sk 4 in a specific CSS regi on when
the disk is stationary. Thus, before the rotation of a spinning disk has
st opped,” the nmagnetic head is noved to the CSS region, where the nmagnetic
head settles on the surface of the disk4 Wen the dISk again starts to
rotate, the magnetic head slides along the disk surface in this region,

:Jn]'Ei | tﬂe |haw§p@mﬂ<a08% kfgibﬁw;éregﬁ ifskstsl?famaarxsdmmszhﬁdferdtweau 'éthibn gf-’é.l y
Ifts the I‘letl a romthe () surrace ter t emagnetlc ea ()
[ Tted | n SAANGRK T3S StoPRGIHorTRIRatiheasds mayesio the G fion. Jiern the
the disk t

t
vini m 2o gGOCas “%%%%@'%Sﬁ@eeng{]ﬁ%@éa*ﬁ?'ﬁ%e REHE ARl andt 44 10
| nht hi fs maptaterlilhe m?gu?t«nhead slides! alpngitl'rmdtshsuriacé irﬂhlscrebionldtxhﬁlttheilamima;and
other frictigna ects are resu ar o :
t he magnet3iE ﬂ‘é{aﬂﬁéﬁ slesurfags, scﬂ%?ggoc'fﬁr gﬂi‘\\nbhﬁi&@ W@Qﬂ?ﬂ@b?g@?& &heyj sk
surface prgisRsafhde €tai ns a specul ar snoot hness to pernit high-density

magneti c data recordi ng. The beneficial effects of surface texturing are
best achi eved if Aﬁ@themgnejbheaq:’s#ﬁedlmﬂnmay,am moeved-feorarthe @SS régiomg

the s hape’to ano%(e); reg|0n o? tl'tleh %lsknt%' r\é'z-z%uaarlrd write data. The CSS region is preferably
textured to minimize physical contact between the magnetic head and the disk
surface. In this way, the contact stick-slip phenomenon often called "stiction" and
other frictional effects are minimized, along with the resulting wear of the magnetic
head surface. Outside the CSS region the remainder of the disk surface preferably
retains a specular smoothness to permit high-density magnétic data recording.
The beneficial effects of surface texturing are best achieved if tight control
is placed on various ‘parameters describing the shape, or profile, of the individual
textured spots.

- To maxirﬁize usage of the texturing laser station, and hence of the laser
texturing tool itself, what is needed is a method for supplying-disks from opposing (i.e.
right and left) sides to the laser station, so that an output beam from a single laser
can be used to texture disks from the opposing sides in an alterating fashion.
However, if this process is performed using different opticai paths to the disks being
supplied from opposite sides, variations in transmission'efﬁciency between the optical
paths may in general result in differences in the laser power levels at disks from the
two opposing sides. Thus, what is needed is a method establishing different levels
of laser beam attenuation as the laser beam is driven along differeht optical paths.
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textured spots. To maxim ze usage of the texturing | aser station, and hence
of the laser texturing tool itself, what is needed is a nethod for .

suppl ying di sks from opposing (i.e. right and left) sides to the |aser
station, so that an output beamfroma single |aser can be used to texture
di sks fromthe opposing sides in an alternating fashion. However, i this
process is performed using different odtical paths to the disks being
supplied from opposite sides, variations in transnssion effici ency between

the optical paths may in general Desctiption of thefPriordAites in the | aser power
| evel s at disks fromthe two opposing sides. Thus, what is needed is a
nmet hod establishing different |evels of |aser beam attenuation as-the |aser

beam i s driven al oggs.dPatent Rl 50062,021, oaR&san et ab, 885G 4 {i | or
Art U S Patent No. 5,062,021, to Ranjan efrﬁal ., describes aagt?é(ggess@%l"ﬁ&ﬁ

whi ch magnef@gngtie oragordinge dnediar are oeentrliably \textured,r particulady cover lareaser

o s, e SBBGRletof SBHRR Wi BaY A dRAREHERAR, IERSnelog R Rl
ni ckel - phosmiediaptive process ircludes ponshmgmmminumickéwno@phafdmdw@é oy
hus t or i i SRACHLR Fish Gar rokdng.he Skl while Kireptiag puisechiasee saeraycovars
the surfacqnigsbbrion of e RS, thud Rintirth &% afttibl Rb&d bBAtatt B4A4 wWhild #aving
N the remainder of the surface specular. The band is fom:ned of muttiple individual laser
spots, each with a center depression surrounded by a substantially circular raised
rim. The depth of the depréssi‘ons and the height of the rims are controlled primarily -
by laser power and firing pulse duration. The shape of individual laser spots can be
a&ered by varying the laser beam inclination relative to the disk surface. On a larger
scale, the frequency of firing the laser, i_n.combinétion with disk rotational speed
controls the pattern or arrangement of laser spots. The smooth, rounded contours
of the depressions and surroUnding rims, as compared to the acicular character of
mechanical textured surfaces, is a primary factor contributing to - substantially
increased durability of faser textured media. \
U.S. Patent No. 5,469,259 describes an interferometer of a common mode
shearing type, which produces a pair of sheared optical beams both incident on a
surface being inspected. These shared beams are produced by a éompound o
Wollaston prism, which projects a real splitting poini in the rear focal plane of a
micfoscopic objective. The objective lens forms interferograms of portions of the
surface being inspected on both an area array CCD\ sensor, used for static surface .
acquisition, and a line scan CCD sensor, used for moving surface acquisition as the
test surface is moved, or scanned, past the objective lens. A dual-purpose -
illumination arm provides different forms of illumination required for the static (area)
and moving (scanning) processes. '



iyspots, each with a center depression surrounded by a substantially circular
- raised rim The depth of the depressions and the height of the rins are
controlled primarily by laser power and firing pul se duration. The shape of
i ndi vidual | aser spots can be altered by varying the | aser beaminclination
relative to the disk surface. On a larger scale, the frequency of firing
the laser, in conbination with disk rotafional speed controls the pattern

or arrangenent of I . : ' 0 .of the .
depressi ons and ﬂ'?%ﬁ%'&fé %aﬁnr'r@] %ééggé(}gn%artéﬁggﬁﬁgﬂgg t“u? é&eﬁﬁé‘?@ﬁ%’r ISof
mechani cal adjusted lecpreduéeadark fieldintarfarogsani anithe line 8tan BCD R8nb6r, with flat

' rability of |laser textured nedia. U S Pat ent No

substanti al | |r} eased d .
5,469, 259 BEE&S, tcié% saﬁa%ﬁemaqmegrema@nemmmm whethyeraaisedi ch
roduces a | ' al RE ] : rf, Ln
P ropoct ad Ohfeiredsed Bibeal agtight arcti Tt While ¥ SEnifl gt 18 Bati
whi ch pr oj detesméning dhe slqm;]atidn';an gnbmallibs, tc?a d@ee,fthefm anehenmaﬁxc important
m cr oscopi jective. ,.T [ ective ns r i.nterferograns o ortions
of the sur fez?g@eg@tfﬁ& 'Fﬂ@ﬁ@@?éﬁ%ﬁ%&ﬁ‘a@ﬁ Hﬁ?’@g%fr“r igraised of depsessed andiitsr
static surhgight éﬁdé}bthiédrﬁibt b@'ﬂbtérﬂn';ﬁé?j.scan CCD sensor, used for noving
t

surface acquisition as e test surface is noved, or scanned, past the
obj ective lens. AOBdhe qthenhanrd, whenithainterferometer of LB sPdtent & 18,469,269 of

:o lr 133215 gg-ts ' BB e Stali@mddS, aiayaisg gasrtaet?gna%] ThtaRStondet %:?r%ggienﬂ%jeded on
the area array CCD sensor, the height or depth of the anomaly and various details
of its shape can be readily determined. The disadvantage of this mode is that the
surface under test must be held stationary as each anomaly is checked. Thus, atime
to move between anomalies must be added to the time required for measurements
and calculations, making the measurement of an individual anomaly take as long as
0.8 sec. ' '

In accordance with one aspeét of the inverition, there is provided a device
for generating a number of textured spots éxtending along surfaces of individual disks
within' first and second groups of disks. The device includes a texturing laser, a
texturing laser, a beam directing mechanism, first and second drive mechanism, and
a process control system. The texturing laser generates a texturing laser beam made
up of a series of pulses. The beam directing mechanism, which directs the texturing
laser beam, is movable between a first position, in Which the laser béam is directed
toa first exposure point, and a second portion, ion which the laser beam is directed
to a second exposure point. The first disk drive mechanism l:noves a disk withinthe -
first group of disks past the first exposure point, so that a part of a surface of the disk
is exposed to the texturing laser beam with the beam directing mechanism in the first

This Sheet Has Been Reﬂlaced

[ITWATAR




*

+ 6 When the scanning process is to be perforned, the interferoneter is

adj usted to produce a dark field interferogramon the |line scan CCD sensor,
with flat areas of the surface being scanned remai ning dark, while
anonal.i es, whether raised or depressed, appear as bright areas. Thus, while
the scanning process is useful for determning the |ocations of anonalles
to a degree, their areas, nmany inportant features of an individual anonaly

such as whepbsition! The setoreidisk dAoe TRESHRMISH Mnbvds a@nsmntmr: tﬁé@é&oﬁa@?ﬂgp be
det er m ned. fOa@ishe ot her hand, when the interferoneter of U.S. Patent

5, 469, 259 i 9 8 Rast the secand expaadre peint. 5o that & Rarkof ansurface of the disk is

terf h
dopth of t nexeSsdd RS kERhG allr bRARCWRR el B BB nechBfisft if the
det er mi ned. s@mdopmmranmgpmdegsmmtnwdystem adi;aststdnﬂrs: paranetesotrdliRiy a
must be hel d st ona I s checked. Thus, a tinme to nove -

bet ween and iag Wg S&%ﬁ@ﬂnggaﬁqf Qﬁﬂ’h,s"l' Idﬁ]!& within the first-and secand

cal el | ooy K IO s BB BB/ Mg 850 A, B3t

i nvention tef thedaam directing machamismdi sadvant ages of the prior art.
According to one aspect of the present invention there is provided
apparatus for generating a fi rst pl urallty of textured spots extending

al ong a surface of each JBRIERIME _ 19 O , 4 sks and a second
plurality of textured spots ext endi ng along a surrace O each disk within a
second plurality of disks, wherein said apparatus

FIG. 1 is a schematic elevation of an interfefom_eter system measuring
textured spot profiles to provide data for the adjustment of laser texturing apparatus
built in accordance with the present invention;

FIG. 2 is a schematic plan view of a half-wave plate in the interferometer '_
of FIG. 1, taken as indicated by sectlon lines lI-ll in FIG. 1 to show the polanzatlon
orientations of coherent beams travelling therethrough

FIG. 3 is a schematic plan view of a Wollaston prism in the interferometer
of FIG. 1, taken as indicated by section lines HI-1il in FIG. 1 to show the polarization
orientations of laser beams travelling therethrough; and

FIG. 4 is a fragmentary plan view of a disk which has been textured by
means of a pulsed laser within laser texturing apparatus built in accordance with the
present invention; | ‘ |

FIG. 5 is a graphical view of output produced by the system of FIG. 1 as an
innermost textured spot is approached along a circular path; |

FIG. 6 is a schematic plan view of Iaser texturing apparatus built in
accordance with the present invention;

FIG. 7 is a sectional plan view of a power con{rol optics bleck in the
apparatus of FIG. 6; |

I
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sconprises: a texturing |laser generating a texturing | aser beam conposed of
- a series of pulses beamdirecting neans for directing said texturing |aser
beam wherein said beamdirecting neans is novabl e between a first
position, in which said |laser beamis directed to a first exposure point,
and a second position, in which said | aser beamis directed to a second
exposure point; first disk drive means novi 8g an individual disk wthin
said first plurality of disk past said first exposure point for exposure of
a portion of a suFiécé is a graphicahview ofia teduting kisek pulserobtaineiddwith as pulse

luralit t | b ith said beam directi

heane i 1 sSPRClERCIS Rl of 55 bBRiA: 7Sk orve means moving (2 an

i ndi vi dual di sk WFIGi 9 i ai graphicandiew of altéxturifg lalhé?iﬁxléé\éstaﬁ?édiwg gdls
ndail vi

exposure point for exposure of a portion of a surface of said
di sk wi t hi gereralordutycycia ok 60 pejcant; andks to said texturing l'aser beam

heans ad; ust i ng. a1 & SBEHEG il B 3ERnG Wier lfse fhlated B, pRe
texturing generatdredutyycleofZb gerdentwi thin said first and second

pluralities thereof, wherein said process control neans adjusts said first
paraneter in accordance wth a position of sal d beam di recti ng neans.

Accordi ng to anot her aspect of D_F%%'a ' there is provided
apparatus for generating texture ong opposite sides of
each disk within a first plurality of disk and of each disk within a second
plurality thereof., wherei

The presenq mven?' ion provides a feature within a laser texturing station for
attenuating the power level of a laser beam, used to texture disks, according to the
light path along which the laser beam is directed. For example, two light paths may

be used in an altemating manner'to direct a laser beam to disks provided by two disk

handling stations. The present invention allows adjustment of the level of attenuation
to compensate for differences in the transmission efficiency of one light path
compared to another. This feature is most conveniently used to obtain a
predetermined optimum profile for textured spots, with optical measurement '
apparatus being used to determine the profile of actual individual textured spots
formed by the laser texturing station. Optical measurement apparatus extemal to the
laser texturing station may be used to measure the textured spots on a completed
textured disk, providing results used to set various parameters controlling -the
texturing process. Altemately, 'optica_l measurement apparatus may be employed
within the laser texturing station, with the results of measurements being used to
change texturing parameters on a real-time basis. .

. Optical measurement apparatus in the form of an interférom_eter systefn
configured for application extemal to the laser texturing station will now be discussed,
with particular references being made to FIGS 1-5.

FIG. 1 is a schematic elevation of an interferometer system 10 configured
- to provide data for use in the adjustment of laser textdring apparatus built in



. apparatus conprises: a texturing |aser generating a-texturing |aser beam
conposed of a series of pulses; a beanmsplitter dividing said texturing
| aser beaminto first and second texturing sub-beans; beam directing nmeans
for directing said texturing sub-beans, wherein said beam directing neans
I's novabl e between a first position, in which said first texturing sub-beam
is directed to a first exposure point and said second texturing sub-beamis
directed to a secénd exposure point, and a second position, in which said

first textatéondanud viathieipreséntaaiestior Within this intpderometee spstean 4058 itékt

second texturing sub-beamis directed to a fou;d-& ex g}sure gm nt; first.

di sk dri veSHEasR 134% ilumingted feam iadegam ddroigcted ffoma aser uait 16; A laser yniss

di sks so t ; Y ' f e B a¥s [ VA ' WV | |

ol ur al vy Dpvind, ah 'clio! BEaf wifl 4 waiSlefighy 3 S32 RatibimBetertiad privett to,be,

?f sai d gndat;sfaowryih thiis applicatiorai Thisibeaim ldaweslthejasﬁrmiits)eﬂicﬂtymdaﬁmcgai d
Irst side thergeof, ves t | secona. expqQsure | pt, th. t tur

Spots of miebdndicatad, By aray ABr A& Baliais Riats ABJS srteude abow e axis B2:atshe

w thin sai e l4ur i dhatli ' m ' ' A [

I ndi vi dual ﬁﬁdéﬁﬁﬁﬁﬁnﬂs%%‘ﬁ%gﬂgﬁ%a | ts)fggé{‘lﬁggdag%ﬂ rst ﬁgl gt@?lé;%rd

i ndi vi dual beaski4projected sheretiwough. After passipg through half:wavesplates20,supaortiohi r d

Firer " D&l HadBbuf pBaht 0 i Befltc@a. APl Motk ho! et YR 34 By e
textured SpmbeRimisaN0Within Asionpdlarnsng buankepiies 262 SA ortion f theliagerual

disk wthin said second plurality of disks;

beam 14 is wasted, being transmitted through the beamsplitter 26 instead of reflected
therein. The downward-directed reflected laser beam 26, which is horizontally
polarized as indicated by arrow 28. is projected through a second half-wave plate 30.

FIG. 2 is a schematic plan view of the second half-wave plate 30, taken as
indicated by section lines il-ll in FIG. 1, to show the polarization orientations of laser
beams brojected therethrough. The transmission of linearly polarized light through
a half-wave plate results in the rotation of the arfgle of polarization through an angle
which is twice the angle between the direction of polarization and the crystal axis of
the material composing the half-wave plate. In the example of half-wave plate 30,
the crystal axis is at a 22.5 degree angle, indicated as angle A, from the polarization
direction, indicated by arrow 28, of the downward-reflected beam 26 (shown in FIG.
1). Therefore, in passing through half-wave plate 30, the direction of polarization of
this laser beam is rotated through a 45-degree angle, indicated as angle B, to have
the orientation indicate by arrow 32. '

FIG. 3 is a schematic plan view of a Wollaston prism 34, directly below the
second half-wave plate 30, taken as indicated by section lines llI-ill in FIG. 1, to show
the polarization of laser beams traveling through the upper poﬁion of the prisrh 34.

Referring to FIGS. 1 and 3, the Wollaston prism 34is composed ofa pair
~ of wedge-shaped segments 36, 38 of crystalline material having crystal axes 40, 42
which are perpendicular to one another and to the optical axis 24 of the

-



sand process control neans adjusting a first paraneter controlling a
characteristic of a sub-beam striking disks within said first and second
pluralities of disks, wherein said process control means adjusts aid first
paraneter in accordance with a position of said beamdirecting neans. BRI EF
DESCRI PTI ON OF THE DRAWNGS FIG 1 is a schematic elevation of an
interferometer system measuring textured spot profiles to provide data for

t he adj ust r~ t [ ' i or dan wiih the
present | niEatogmedP &o.  °The, B AAAAE defobterd ThedE RAR 58, Ehigfa B8,
the i nt er f Wallastar pasémF84&.beling tpolarizetsin adliction dtya AT dégrec angle fidmlithe N
FIG 1 to show, the ' orientations of coherent beans travelling

ol ari zatio
t her et hr ougplicatpxis @ the UBPE"CWGQEFTS&‘?EP_Qﬁegmt%ﬂsaaﬂfﬁ is therefere desomposete
" PR 51 i Besh ol ASHER SRt 1L R MG ity
t her et hr oudinections iRdicated by aardws: @8¢HdarSinpé ahe crystalihe malietial fdrhifg lkagh
bui 1t n atgapet A6 45 ofthe WBlR60 i 3¢ i bigsingset refiacting baedum belerzede
OF pOuLPuL i autsrat dngisd n SIS oG, 1nd B/ SURBBRIRS TVl (or ol *
texturi ng Whepetheaugh, being:palarizad:pegpendiculdriyitotdne anathen, asiindicatsdby afols 7
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. general, the Wollaston prism separates the two sub-beams exiting its lower surface
by a deviation angle, which is a function of the wavelength of the laser beani, the
indices of refraction of the materials of which the wedge-shaped portions 36, 38, and
the angle at which the interface surface 46 is sloped. | |
In general, a Wollaston prism may be composed of a number of wedge-
shaped segments, from a single segment up to three or more segments. In a
Wollaston prism having one or two segments, the sub-beams diverge from a surféce,.
such as interface surface 46, which is called a split point. In a Wollaston prism
having three or more segments, the sub-beams are typicaily brought back together,
to cross one another at a cross-over point between thé Wollaston prism and the
objective lens. If there is no cross-over point, the split point is in the back focal plane
of the objective lens. If there is a cross-over point, the final cross-over point is in the
" back focal plane of the objective lens. s
In this way, a right sub-beam 48 haVing a first direction of polarization and
a left sub-beam 50, having a direction of polarization perpendicular to that of right
sub-beam 48 are formed. Both of these sub-beams 48, 50 paés through an objective
lens 52, being focussed on test surface spots-54, 56, respectively. After reflecting
off the test surface spots 54, 56 the sub-beams 48, 50 ;etum upward throughl -
objective lens 52 and Wollaston prism 34, being recombined at the upper wedged- -
shaped segment 36 of the prism 34. During the process of reflection off the spots 54,
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;FIG 6; 8 FIG 8 is a graphical view of a texturing |aser pul se obtained
with a pul se generator duty cycle of 45 percent; FIG 9 is a graphical view
of a texturing | aser pulse obtained with a pul se generator duty cycle of 60
percent; and FIG 10 is a graphical view of a texturi.ng |aser pul se
obtained with a pul se generator duty cycle of 75 percent. DETAILED

DESCRI PTI ON The present invention provildes a feature within a | aser )
texturing station for attenuating the power |level of a |aser beam used to
texture di sB8, thecdicectiong df paldrizatiogphremzin bs indicatedibycaurows 2834dc beam i s

di d. F | e, | i . al i
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present | nvg(grt'sgi?fa%b'sgarfl&g 55| BicEeiNe distdrizes! thiRliie@bytHecsutitbeams 48, 50 are

conpensate ITfer es in the transmssion.efficiency of one Iight path
conpar ed t odifferent; the times required foit projantionand reflection fromsthe test spotsi 54,56,
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beams are recomposed within the Wollaston prism 34, due to this phase shift, they
form an elliptically polarized beam, having major and minor axes extending at 45-
degree angles to the crystal axes 40, 42 of the materials making up the Wollaston
prism 34. In FIG. 3, the polarization of this i'ecomposed beam is indicated by an
ellipse 58. _ | '
Referring to FIGS. 2 and 3, as the recomposed beam is transmitted upward
through half-wave plate 30, its elliptical polarization is rotated to have major and
" minor axes extending in the direction of arrow 28 and in the direction ;:)erpendicular
thereto, as indicated by an ellipse 60. The relative intensities along the major and
minor axes of ellipse 60 are determined by the phase-shift between the sub-beams
48, 50 retuming after reflection from the test spots 54, 66. B
Referring again to FIG. 1, the recomposed beam is transmitted upward from
half-wave plate 30 into the non-polarizing | beamsplitter 25, with the transmitted
portion 62 of this recombined beém being used for subsequent measurements, as
the portion of this beam reflected within the beamsplitter 25 is discarded. The
elliptical polarization indicated by ellipse 60 in FIG. 2 is retained. The transmitted
portion 62 of this beam is next split within a polarizing beamsplitter 64, with a potrtion
of the beam 62 polarized in the direction indicated by.arrow 28 being transmitted into
a first photodetector 66, while a portion of the beam 62 polarized in the diredtion of
arrow 44 (shown in FIG. 3) is reflected into a second photodetector 68.
The output of each photodetector 66, 68 is provided as an input to a
corresponding analog to digital convertor 70, which in tum provides an input to a
computer processor 72. This processor 72 is a conventional device connected to
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. laser texturing station may be used to neasure the textured spots on a
conpleted textured disk, providing results used to.set various paraneters
controlling the texturing process. Alternately, optical neasurenent
apparatus may be enployed within the |aser texturing station, with the
results of neasurements being used to change texturing paraneters on a
real -time basis. Optical neasurenent akar at us |n the formof an

interfero t e L.
text uri ng SerERRRFINEES <pdhs & SieBRPchflry 79, EHeFiNg 7o, Aol aisdRg
made to Fl @8, Prégrahisdor éxeeuﬂnrswithir%emreb@sw Varareﬂoa?ded intemeptenyeideirom
system 10 coEfigured to provide data for use in the adjustnent of |aser

texturing & built in 9 accordance .with the present invention.

Wthin this inter e 0) iRSifo LSkt ) rom
a beam 14 proj ectfg r%ﬁﬁg ﬂaésﬁr mt]%l tthéil%éla}}}el g'ggl;' umr{lﬁ'ﬁg@?ﬂ%é ﬁé%ﬂ"%ﬂté‘
beam wi t h phomdeteetrgstﬁaoﬁaaa‘bvmmcmldmef mmmnntemsﬂmssaﬁthefpmanzanonn

this applic am | eaves t nit .verticall | ar| zed
i cat o Bpnahemaler aRGHINGY AKpS ﬁﬂﬁ?@i\ﬁwﬁﬁ Qlgrization ndisated Ry Slinse 60, of
the laser BgaMohbe bPtHY O sﬁiﬂ‘!lg| M%tﬁﬁﬂh%r@f sdﬂlSeaﬁn%tw@O Pﬂluérdhﬁ%b' on
of the | aser beam 14 projecte erethr er passing ugh
hal f - wave NMQammMmemlethmgéteﬁemm.|56 momareme!em«mmo
along an Oﬁ\te' iﬁf’brfe%h%tgr 10 f Thg elliptically polarized returmn beam exiting half-wave plate
30 may be mathematically broken into an X-vector, V,, descnbmg light polarized in
the direction indicated by -arrow 28, and ‘a Y-vector, V,, describing light polarized in
the direction indicated by arrow 44. The values of these vectors are given as a
function of the time vanable £, by'

v, - Aosin(o)t VKL« 2d + by) (1)
V-y = A—o.sin(wt + kL) - . (2)

Thus, the X- and Y-vectors have the same amplitude, A,, differing only in phase
angle. In these equations, w is the angular frequency of the laser beam, in radians
per second, L. is the original length of the light path, which does not matter because
it has the same effect on both equations (1) and (2), d is the height difference which
is being measured by this process, ¢, is an original phase angle, which is the phase
angle provided by the apparatus when the test spots 54, 56 are at the same height,
and k is a wave number, which is defined as foIlows '

27
k - o~ 3)

In this expression, A is the wavelength of the laser beam.
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cinterferoneter 10, within a non-polarizing beansplitter 25. A portion of-
the | aser beam 14 is wasted, being transmitted through the beansplitter 25
instead of reflected therein. The downward-directed reflected | aser beam
26, which is horizontally polarized as indicated by arrow 28. is projected
through a second hal f-wave plate 30. Fig 2 is a schematic plan view of the
second hal f-wave plate 30, taken as indicated by section lines Il-11 in
FIG 1, to ¥Bimpitg tietoibwiriyg nﬁﬂwé}haﬁéulabh%t&arpthé udiioASRr® Feititdredsing
t her et hr ough. The transm ssion of linearly polarized [ight through a

hal f-wave pPRMPIEXAAtiaNBR: the rotation of the angle of polarization

t hrough an angle which is twice the angle between the direction of

pol ari zation and the crystal axis of the rrateri al conposing the hal f-wave
plate. In the exanple of half-wave pl rystal axis is at a 22.5
degree angle, indicated as ang(e A4 éromt e pol g“? Z#)i on direction,

i ndi cated by arrow 28, of the XB ref ected be 26 (shown in FIG 1).
Therefore, in passing through aT‘f mﬁve p ate 30, t di rection of

pol ari zation of this |aser beamis rotated through a 45-degree angl e,

i ndicated as angle B, to have the orientation indicate by arrow 32. FIG 3

hat £- 3292%%8%%%5 i, it HeamaRit 25, L piigneally poinabe ety biaden B2 o
show t he pobRikbA HtoBubBedrAs Wiﬂ:h?q&ré g\bﬂahisuﬁtafemgeiddaqh%éameﬂf&ér% of

the prism 34. Referring to FIGS Wl | aston prism 3
conposed ofbeingai norbpolaadggimmrbwd!agﬂrﬁmm palarithss inithe samewvay,lessasinthal

naving of Yy SgherfisEin raubh Y SdhrRESitr 288 nbt c8lsidredSs RIS HBRIMANSY that

-the optical
the light level at photodetector 68 is-given by:

V, - V,cos45° + ¥, cosd5°® e
V ‘/_A[ i(of « kL + 2kd + §,). i(cot.ch)] )

“Similarly, the light level at photodetector 66 is given by:

7y = L2 gopeer s o) -ty (g)

o The light intensity measured at photodetector 68 is obtained by multiplying
V, times its conjugate, résulting in the following equation:
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. 10 interferoneter 10. Thus, the downward defl ected | aser beam 26 enters the

- Wl laston prism 34 being polarized in a direction at a 45-degree angle from
the optical axis of the upper wedge-shaped segnents 36, and is therefore
deconposed into a pair of sub-beans of equal intensity, polarized in the
mut ual | y- per pendi cul ar directions ijgdi cated by arrows 28, 44. Since the
crystalline material form ng each segnent 36, 38 of the Wbl laston prism 34
is birefringent, refracting beans polarized at different angles in
different directions, thg t wodg -ipSATRL I gravueg )} i n iagmqﬂard t her et hr ough
bei ng pol ari zed per pendi €ulfa %o one anot her, *a€ indicdted by arrows 28,
44" are refracted differently“at the interface 46 between the segnents 36,
38. In general, the Wl ast orgeo‘r'ﬁ"gmlg'e'p"éfaﬂe)s+t§|e'(¢!lwﬂﬁub¥9fans exiting its
| ower surface by a deviation angle, which IS a function o he wavel engt h
of the | aser beam the indices of refraction of the materials of which the
wedge- shaped portions 36, 38, and the angle at which - the interface surface
46 is sloped. In general, a Wllaston prismmy be conposed of a nunber of

o0, Rl A GRS B oSl S SE
f , ! ok £ ' ; ' j ida-point. |
2 Vol | ast SealBa¥ plARLA nd %10 8 ol oL 1o by e B> ™ 17

typically brought back together, to cross one another at a cross-over point
bet ween the Wl laston prismand the

Il = _'[29_[2 + cos(2kd + d’o)] (10)

I = I,cos*(kd « ..22 (11)

Similarly the beam intensity at sensor 66 is gfven by:

L)

L - Lsin*(kd +—

) (12)

The preceding discussion assumes that the incoming laser beam 14, which
is directed downward at the half-wave plate 30, is perfectly polarized in the direction
of arrow 28 when it enters the half-wave plate 30. In other words, the preceding

" discussion assumes the following equations to be true:

I-1, (13); I-0 (14)



«0objective lens. If there is no cross-over point, the split point is in the
back focal plane of the objective lens. If there is a cross-over point, the
final cross-over point is in the back focal plane of the objective lens. In
this way, a right sub-beam 48 having a first direction of polarization and
a left sub-beam 50, having a direction of polarization perpendicular to
that of right sub-beam 48 are formed15Both of these sub-beams 48, 50 pass

th h bj ect i | 52, bei ) .on, test f ts 54, 56,
Fespoatively. af 1 &YTPE TeBlBH maghomalical aade i Gvas Bv4he faling Bglgians, i
sub- beans 4fictPP hasaWdlue|RISHehdinY 8H Y8rishs 8§pdcts of mfp;aéaﬂncgny@i%éeg# 6 ?HS'

prism 34, being reconbined at the upper wedggd- shape ]
pri sm 34. Bbudf 3‘@ input beamdsemdaherlaserentering baif-wave plate 80 s entirelys polarized

ot 607 g LB e REREBY s 8, £ BuBoRtoR A b SartbSy,
surface sppblafiged Fi theq-difrsctidnihaiearsd by avew4adshowh heF&y.,ta)pFesrfrg%éé to 2Brdl! ©

different, the tinmes required for projection and reflection f t he test
spots 54, 56, respectively, are different, producing a phase-shift between
the two sub-beans 48, 50 as they are reflected back to the Wl laston prism
34. Wien these refl ected sub- bed@s=dl% reconp$b$) within the Wl laston

I

prism 34, due to this phase shift,_}ng fﬁ a? éi i ptically polarized
beam havi.ng maj or and m nor axeSyextendi é;z;at' Lf degree angles to the
crystal axes 40, 42 of the materials making up the Wl | aston

Under these conditions, the illumination intensity, 1,, of the beam impinging on photo-
detector 68, and the illumination intensity, |,, of the beam impinging on photodetector
66. are given by the following equations: '

I, = TLjcos?(kd + -(-gﬁ) « (1 - T),sin?(kd + %2) a7

I - I‘Josinz(ka? . .f‘;_°) « (1 - T cos’(kd + .?22) (18)

The mathematics associated with these intensities is simplified by considering the
sum and differences of Equations (17) and (18), yielding the following resuits:-

I
I

p—

- L = (2T - 1)Icos(2kd + by) (19)
oL-1 20)

)
[
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sprism34. In FIG 3, the polarization of this reconposed beamis indicated
by an ellipse 58. Referring to FIGS. 2 and 3, as the reconposed beamis
transmtted upward t hrough hal f-wave plate 30, its elliptical polarization
is rotated to have nmjor and minor axes extending in the direction of arrow
28 and in the direction perpendicul g thereto, as indicated by an ellipse
60. The relative intensities along the major and m nor axes of ellipse 60

are determ ned byyt -Sh) : = : 5 i

after reflection ér%'ﬁne%f e"i “%‘68?@5%? h%efégﬁ??n aé‘é&rqgt %é%ﬁébeghe

r econposecbdtwaenitise lumisatidr iatensityaighals bytheil sumaThus) thisdifférentiabintdmsity
non- pol ari zi ng}ﬁbeags I iiebég ﬁ%@/}ith t he t[ar]sm tted portion 62 of this

r econbi nedPHEHIRIBEP 13 AYEBDPY pwing eAvatRMsur enents, as the portion of
this beamreflected within the beansplitter 25 is discarded. The elliptical
pol ari zation indicated by ellipse 60 in FIG 2 is retained. The transmtted

portion 62 of this beag i stinex4s spl it W thin | arj zi ng_beansplitter 64,
with a portion of the e'éngZ‘gol‘an(ilzi‘ed ﬁscﬁ’ﬁ r’e&oﬁon?zjz)ji cated by.

arrow 28 being transmitted'iitte a first photodetector 66, while a portion
of the beam 62 polarized in the direction of arrow 44 (shown in FIG 3) is

reflected into:.a second photodetector 68. The out put of each photodetector
© 66, 68 is provided as an input to a corresponding analog to digital

conver tor e PHalefirhdre 0 B4 5, beial B HOPRY o WoRs&RA ekt
' 34 in the directions indicated by arrow 28, so that ¢, is equal to 0, 7/2, or another
convenient value. Such an adjustment may, for example, be made so that, when a
flat test surface 12 is imaged, the output values of the two photodétectors 66, 68 are
equal. |
~ Next ¢, is set to -T/2, so that S is expressed as:

i

S - (2T - 1)sin2kd - (2T - l)sin(%ril) 22)

With this substitution, S has the same sign as d. Equation (22) is in a form which can
be solved for the distance d, yielding:

S

A .
d - ('Z;)afcsm(;r—l) (23)

This"equation holds true as long as the following rélationships are met:
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+12 conventional devices, such as a systemnenory 74..a hardfile 76, and a
display unit 78. Prograns for execution within the processor 72 are | oaded
into nenory 74 froma diskette 80. Referring to FIGS. 1-3, the relative
illumnation intensities neasured at photodetectors 66, 68 provide an
i ndi cation of relative intensities of the polarization along the major and
m nor axes of the elliptical polarizatildh indicated by ellipse 60, and
hence of the phase shift between the returning sub-beans 48, 50. This phase
shift is a function of the relative heights of test spots 54, 56 and of
paraneters within the interferometer 10. The elliptically pol arized return
beam exi ti ng hal f-wave plate 30 may be ShenatichLy broken into an
X-vector, Vx, describing | i(ﬂ1t< &Iﬁrlze&ﬁ‘l‘i 5 the*diTe n indi cated by
arrow 28, and a Y-vector, Vy, describing |ight poldarized in the direction
i ndi cated by arrow 44. The val ues of these vectors are given as a function
of the tine variable, t, by. V = Aosin(w+kL + 2kd+[err]) (1) W = A
sin(w+ kL) (2) Thus, the X- and Y-vectors have the sane

anplitude, Ao, di ffifis, darifgnvedsureMenepfitakses, d1ploghaf i Bxesuted in ?mde‘éséhe
angul ar frequency of the |aser beam in radians per second, L is the

original | efdadeemine theglifference ,innimigbhbm@gme twattestspote 8486, indisated he
ey B e B0 e e o il et rtBs "

i s the phassuations as |, and |, in the equations, measured by photodetectors 66, 68, into the
equations (22) and (23). | | '

These measurements and calculations are preferably made as the test

. surface 12 is driven in a scanning direction. In the example of FIG. 1, the test

surface 12 is-an uppef surface of-a disk 82 being examined. The disk 82 is mounted

atop a tumtable 84, which is mounted to rotate on a carriage 86 about a shaft 88.

The carriage 86 is in tum mounted to slide on a pair of parallel guide shafts 90, being

driven by a leadscrew 92, engaging an intemnally threaded block_' portion 94 of the

carriag_e 86. The leadscrew 92 is driven by a motor 96. Rotary motion of the

tumtable 84 is achieved using a second motor 98 driving a wheel 100 engaging'an

' outer surface of the tumtable 84. The motors 96, 98 are driven to scan the surface

82 past the‘\brojecte'd sub-beams according to a pre-determined path by means of

driver circuits 102 in response t6 a program routine executing in processor 72. Since,

during scanning, the output levels of photodetectors 66, 68 may continuously change,

these outputs are preferably examined by sampling on a periodic basis. This

sampling process may obtain an instant level of intensity measurement or an average
intensity level occurring over a short time, such as the time between samples.

FIG. 4 is a fragmentary plan view of a magnetic disk 82 which has been
textured by means of a pulsed laser, forming a number of textured spots 104.

Referring to FIGS. 1 and 4, as the disk 82 is inspécted using the interfero-

meter 10, the radially inward test spot 54 follows an inner path 106, while the radially
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sangl e provided by the apparatus when the test spots 54, 56 are at the sane
hei ght, and k is a wave nunber, which is defined as follows: k=[err] (3)

In this expression, Ais the wavel ength of the | aser beam To sinmplify

the foll ow ng mat hemati cal derivation, these equations are rewitten using
conpl ex notation as: [err] After passing through the beansplitter 25, the

elliptically polarized return beam 688is broken into sub-beans within

ol arizing beansplifter 64, Since the bearj r 25, bei a ..
oot o L AURGARS 56t Shik b (UOWS AP HtaE PRt 108, ML 13t RPais AUl remawg
in the trang '
|3 doter m ARGy S EHeI Wy ¥ IR ikl SF oRioR, 10D AR DRSS i
' Si m | ar | y,ditelctioh iofjatrowelid. 'ﬁnesmpathsatoscﬂea a6é configuredno lagsufecthat thEnianer

OB | Tk s it b B HAE B8R0 B TR el Bt Bl
spot 56 goes directly through each textured spot 104. In the example of FIG. 4, the
pattem of textured spots 104 spirals-radially outward from a first, innermost textured
spot 112, _ o

In general, a strategy is needed to align the paths 106, 108 with the pattem
of textured spots 104. If the radial location of the first textured spot 112 is known-with
sufficient precision, it is only necessary to spin the disk 82 with outer test spot 54 at
this radius. Then, when the first t_éxtu’red‘ spot 110 is detected, leadscrew motor 95
is started to begin the radially outward movement of_ the test spots 54, 56 along the
pattem of textured spots 104, at a predetermined spiral angle, as the spinning
movement of the disk 82 is continued. Since the manufacturing process which
formed these textured spots 104 is known, the necessary spiral angle can easily be
determined. > |

On the other hand, if the radial location of the first textured spot 112 is not
known with sufficient precision, this location is found by starting with the outer test
spot 56 at a radius inward from the innermost expected location of the first textured
spot 112. The test spots 54, 56 are then moved radially outward in a number of
small, incremental radial movements as the disk 82 is spun. ‘

FIG. 5 is a graphical view of the output produced by processor 72 as the
outer test spot 56 (shown in FIG. 1) is held at the radius of the first textured spot 112

' (shown in FIG. 4). The upper curve 114 represents the output occurring when each
textured spot is a simple, depressed crater. The lower curve 116 represents the
oufput occurring when oach textured spot includes a surrounding ridge and an
upward-extending central portion. In either case, the curve includes an indication
118, 120 of the first textured spot 112, followed by a number of attenuated indications
122, 124 of f_ollowing textured spots 104. These indications 122, 124 occur as the
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214 [err] Next, 1[err] is defined as equal to the square of Ao, the
I magi nary portion of the above equation is elimnated, and the real portion
of the equation is rewitten as: [err] Similarly the beamintensity at
sensor 66 is given by: [err] The precedi ng di scussion assunes that the
i ncom ng | aser beam 14, which is directed downward at the hal f-wave plate
30, is perfectly polarized in the direltion of arrow 28 when it enters the
hal f -wave plate 30. In other words, the preceding discussion assunes the

fol | owi ng &ifeularath ofouer tastspol K6 divegges inward fijos the spigal Rafh)o? the pgttam

whi e hadt JESEREASERIS 10 Tk crerbgifEtalit upBel LRI 1, BXdetemite pld.
0 ?_nd I1 I frladiagf: tdacémi_ah dffﬁmm ﬁrgptbﬂitm_@d méjm)imgb%@dlam‘ trazzaksetlmé depttBof Imet
entire olarized jn the x-directjon jndicate arr ow

one. | fyt Ei@nﬂébﬁ?ﬂi@neﬁlairm%ﬂ Hlﬁﬁ’ppﬂ'éif maxifzed,. PY%PBﬂ?%ﬁ%gpgﬁ‘%g§4. °

arrow 44 (goufbrd! tihd Gpird) arlghé ié BegutfUah the &&$& generating lower curve 116,
processor 72 tracks the level of upward extension of the central feature within the
textured spot 104. Similarly, when this héight is maximized, movement of the fest
points 54, 56 along the spiral angle is begun.

FIG. 6 is a schematic plan view of laser texturing apparatus built in
accordance with the present invention. In the embodiment of FIG. 6, a pair of inter-
ferometers 126, 126a are included as porti_c)ns of a device for laser texturing magnetfc
disks. This embodiment has the advantages of not requiring the operations
described above in reference to FIGS. 4 and-5 to locate the pattem of textured spots
104 (shown in FIG. 4) . Since the interferometer is part of the device forming the
textured spots, and since a disk 128 being textured is simultaneously moved past
both the.laser beam 136m causing texturing and the interferometer, the location of
textured spots is always known with great accuracy. Furthermore, the interferometer
126 and associated electronics generate signals which may be used in a real-time
basis, as part of a feedback system to make corrections to various parameters
controlling the texturing process. Nevertheless, the intemal interferometers 126,
126a are considered optional means for implementing the present invention, since -

- the interferometer system described above in reference to FIGS. 1-56 may be used
to obtain profile data from textured disks to facilitate adjusting parameters of the
texturing process.

, In the apparétus of FIG. 6, texturing is performed using a'pulsed laser 129,
which directs -a laser beam 131 to a non-pofarizing beamsplitter cube 132, which
splits the beam into two beams 135 that are equal in intensity within five percent. ™
These two beams 135 are directed, by means of a pair of steering mirrors 134,
toward opposite sides of the disk 128 being carried through the textdring process by
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.[err] Underthese conditions, the illumnation intensity, 1[err], of the
beam i npi ngi ng on photo- detector 68, and the illum nation intensity,
1[err], of the beam i npingi ng on photodetector 66. are given by the
foll owi ng equations: [err] The mathematics associated with these
intensities is sinplified by conside&bng t he sum and differences of
Equations (17) and (18), yielding thée"following results: [err] J6 A
differential intensity paraneter is fornmed by dividing the difference
bet ween t h%plndlmasmgwn12&ae rAfiter reflegtian 9fbf}rqsﬁesteeaw]mmm 13dhithe laser

err) The DraPraV Ay aRIOSAaIG dnrle 135, Stbdried BuaRibRACERIER o
Vol | ast on grifetra fdwen cohrolopiiey bloek 136]iis attich the intensity28f theotvid Beahfy il
is equal to O, [err]/2, or another convenjent value. Such an adjustnent

may, for ehalapeed bysoniraling he Naltage Asplied to liuid-cerstal variable retarders. rndhis,
LBE oDy 8 B B OB 80P Bl BB o Bhirl ik Bl
136 is made equal within one percent. o
FIG. 7 is a partially sectional plan view of the beamsplitter cube 132,
together with steering mirrors 134 and the power control optics block 136. The two -
laser beams 135 forming _inputs to the biock 136 extend parallel to, and equélly offset
from, an axis 136a of the power control optics. block 136, about which the various
elements of this block 136 are symmetrically depl_oyed.' Symmetrical beams 135
result from the fact that the input beam 131 to the beamsplitter cube 132 is directed
at a 45-degree angle with respect to the obtics block axis 136a, with the refiective |
- surface 132a within the beamsplitter cube being ailigned along the optics block axis
136a. Each of the steering mirrors 134 is aligned to be struck by an associated beam
from the beamsplitter cube 132 at an angle of incidence of 67.5 degrees.
Adjustments for bringing the separate laser beams 135 into a parallel
. condition, and for otherwise aligning them, are provided by several manually tumed
knobs. Beaméplitter cube 132 is mounted on a rotary stage 132b, with a pair of
knobs 132¢ titing the cube 132 about orthogonal axes, and with a knob 132d
providing for the rotation of the ¢ube 132. For example, a rotary stage suitable for
this application is supplied by the Newport Corporatidn of Irvine, California, under
their part number PO32N. Each steering mirror 134 is mounted by an adjustable
mirror mount 134a, which includes a pair of knobs 134b used to tilt the associated
mirror 134 about mutually perpendicular axes. Mirror mounts suitable for this
application are supplied, for example by the Ealing Electro Optics, Inc. Holliston,
Massachusetts, under their catalog number 37-4777.
Withih the power control optics block 136, the power of the two beams 135
from beamsplitter cube 132 is balanc_ed, so that these beams have power levels



-[err] Wth this substitution,'S has the sanme sign as d. Equation (22) is in
a formwhich can be solved for the distance d, yielding: [err] This
equation holds true as long as the following relationships are net: 17
[err] .2 Thus, during nmeasurenent processes, a
programis executed in processor 72 tozfeternine the difference in height
between the two test spots 54, 56, indicated as d in the equations, by
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by a |l eadscrew 92, engaging an internally threaded block portion 94 of the
carriage 8dshawminEMasekew 92 is driven by a notor 96. Rotary notion of the

Within the power control optics block 136, each of these beams 135 first
enters a liquid crystal variable retarder 136b. Each of these retarders 136b includes
a cavity 136¢ formed between a pair of fused silica windows 136d spaced a few
microns apart. The interior surface of each window 136d has a transparent
conductive indium tin oxide coating. The cavity 136¢ is filled with birefringent nematic
liquid crystal material with molecules that tip aocordihg to a voltage applied between
the transparent conductive coatings of the windows 136¢c. The angle of polarization
of the laser beam 135 entering each retarder 136b is changed according to the
voltage applied across the cavity 136¢c by means of the coatings on windows 136d.
Thus, the s-polarization of e!ach beam. 135 entering a retarder 136b is altered, in a
continuously variable manner, toward a p-polarizafidn_ of the beam 136e leaving the
retarder 136b. A suitable liquid crystal variable retarder may be obtained, for
example, from Meadowiark Optics, of Lorigmont, Colorado, under their part number
LVR-100-1047-V.

The voltage signal driving each liquid crystal variable retarder 136b is
provided by the output of a function generator 137, which preferably produces a DC-

~balanced 2kHz square wave having an amplitude which is adjustable to determine
how the polarization of the beam passing through the retarder 136b is altered.

_ After exiting the retarder 136b, each béam 136e enters a polarizing
beéimsplitter 136f, which reflects s-polarized powef inward to a beam 'dump 136g to
be dissipated within a cavity 136 h, while transmitting p-polarized energy to an non-
polatizing beamsplitter 136i. Each non-polarizing beamsplitter 136i reflects about
one percent of the energy incident upon it upwafd, providing the input to a power
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., turntable 84 is achieved using a second nmotor 98 driving a wheel 100

engagi ng an outer surface of the turntable 84. The notors 96, 98 are driven
-to scan the surface 82 past the projected sub-beans according to a
pre-determ ned path by nmeans of driver circuits ‘102 in response to a

program routine executing in proces 72. Since, during scanning, the
out put | evel s of photodetectors 66, may contlnuously change t hese
outputs ardgst@éet ar 'Wh‘éxn%ﬁliiﬁﬁwgbt‘éné E't%éﬂﬁlﬁ RFd qedFtef-walVd Slate
sanpling process may obtain an’instant |evel inte |ty measur enent or
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using the interfero- meter 10, the radially inward test spot 54 'fol|ows an
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arrow 110.detéetor 1l36§ provi@és alébnvasrientonidans fo :ﬁe:as@mn?rtﬂnst péivet teveln e
test spot 54 renmins on the flat untextured rtion of the disk 88 while

the out er QuiRyt sighalss frogy power ééwfﬁh'?%g joare individually cglibrated using ¢ he
exanpl e Ofmgés% 5t ﬁ@étﬁgﬁﬁpﬂ’{ ﬁ%@%ﬂ&f}\tﬂ bpfibsblodR! 6F falther

outwardfroma lI‘S I nner nos
along the optlcal path toward the pomt at which a disk 49 is textured. This type of

calibration is generally needed because of a number of factors, such as dlfferences
in the -percentege of incident power reflected within the beamsplitters. 136i aiming
beanis at these powér detectors. The outputs of power detectors 130, 136j are
preferably displayed e)ctemally on the laser texturing tool 37 (shown in FIG. 4).

A method for manually setting-up or readjusting the various laser power
levels includes the steps of mer)itoring the outputs of power detector 130 and making
cofrespénding adjustments to a signal driving the laser 1 08. The two beams 136m

‘are balanced by observing the outputs of both power detectors 136 with both
retarders 136b set to transmit maximum levels of p-polarized power, and by reducing
the level of p-polarized power transmitted by the retarder oorresponding to the higher
power level read by one of the power detectors 136j, until these two detectors
indicate the same power level, with calibration factors being considered. As the level
of p-polarized power is decreased in either of the beams, the level of power present
in the corresponding output beam 136m is &ecreased, as the increased s-polarized
power is rejected inward by the polarizing beam splitter 136f. In this way, the output
levels of the two beams are balanced by attenuati'ng the beam initially having the
higher level. , |

- While the method described above is useful in performing an initial set-up
| adjustment, particularly to overcome the effects of an uneven split of the power in



.In general, a strategy is needed to align the paths 106,108 with the
pattern of textured spots 104. If the radial location of the first textured
spot 112 is known with sufficient precision, it is only necessary to spin
the disk 82 with outer test spot 54 at this radius. Then, when the first
textured spot 110 is detected, |eadscrgw notor 95 is started to begin the
radially outward novenent of the test ots 54, 56 along the pattern of
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novenent of the d I'S contlnue Si'nce the manu actu I ng pro ess

f or ned t heskaseskenthedactpaltprofiles ofstextumm.spats producesken disksipratesseyl through
easily be termned On the other hand, if the radial |ocation of the
first text gdapﬂ%?t 12 i's not known with sufficient precision, this
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(shown in FIG 4).  The upper curve 114 represents the_ output occurri ngi_h en
is
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toxtured el dRIdanag sBitons alermalil arowdingh i i fhedaser station Tor tekturing
in this way is found in the co-pending U.S. application, 08/613,564 descnbed above
in a cross-reference to a related application.

The parallel laser beams 136m from power control optlcs block 136 are
dlrected toward either disk 128 or 128b according to the position of a shuttling mirror
assembly 137a, which includes a rightward-beam-directing mirror 138 and a leftward-
beam-directing mirror 139. When this shuttling mirror assembly 137a is in the
position indicated in FIG. 6 by solid lines, the ﬁghtward-beam-directing mirror 138
reflects the laser beams 136m to texture the disk 128 tuming with right spindle
assembly 128a. When the shuttling mirror assembly 137a is in the position indicated
in FIG. 6 by dashed lines, the leftward-beam-directing mirror 139 reflects the laser
beams 136m to texture the disk 128b tuming with left spindle assembly 128c. The
shuttling mirror assembly 137a is moved between these two positions by a slider
139a, which, for example, may be a pneumatic device controlled by solenoid valves
(not shown). Thus, disks tuming with the two spindlés 128a and 128c are altemately
textured as the laser beams 136m are directed along separate light paths.

From each shuttling mirror 138, 139, the texturing beams 136m'are directed through'
focussing lenses 140 and off reflective surfaces 142 to strike opposite sides of an
associated disk 128, 128b.



=19 circular path of outer test spot 56 diverges inward fromthe spiral path
of the pattern of textured spots 104. In the case generating upper curve
114, to determine the radial location of the first textured spot 112,
processor 72 tracks the depth of the central portion 1 18; when this depth
i s maximzed, novenment of the test pointg 54, 56 along the spiral angle is
begun. In the case generating | ower curve 116, processor 72 tracks the
| evel of upward e f il t
104 Similarty, whns e 12ghoteneRAtelis hberth tight Spindhd' 1908 it RISzl |
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the interfero | ocatjon of textured spots is always known with
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during the retum motion in the. direction of arrow 143. The motion of each spindle
assembly 128a, 128c is tracked by an encoder (not shown) moving adjaoent to an
encoder scale-(also not shown).

For example, the laser 129 is energized by diode pumping from a laser
diode 129a through a fibe_r—optic cable 129b, and is pulsed by a Q-switch control
_ including a pulse generator 204 to generate a square wave correspopding to the
desired train of laser beam pulses, and gate logic 206 to determine when laser beam
pulses occur. The laser 129 includes an oscillator 208 driving an acousto-optic Q-
switch 210, within a laser cavity 212 in the laser 129, with a radio-frequency signal.
When the Q-switch 210 is acousticélly activated by this radio-frequency signal, it
spoils the Q-factor of the laser cavity 212, stopping the emission of a laser beam.
When the radio-frequency energy is tumed off for a relatively short time, the laser is
permitted to emit a laser beam pulse. In a typical production mode of the laser
texturing apparatus of FIG. 6, the frequency of pulse generator 204 is set at 10KHz,
producing a pulse every 100 microseconds, while the oscillator 208 produces a radio-
frequency wave at 80 MHz. ‘

The level of power which may be delivered from purﬁping diode 129a
depends on the type of laser 129 employed within the system. For example, one-
type of laser 129 uses up to 2 watts of power from pumping diode 129a, while
another iype of laser 129 uses as much as 20 watts. Furthermore, the use of a



- basis, as part of a feedback systemto nmake corrections to various
paranmeters controlling the texturing process. Neverthel éss, the internal
interferoneters 126, 1 26a are considered optional neans for inplenenting
the present invention, since the interferoneter system described above in
reference to FIGS. 1-5 may be used to obtain profile data fromtextured
disks to facilitate adjusting paranete2® of.the texturing process. In the
apparatus of FIG 6, texturing is perfornmed using a pul sed |aser 129, which
directs a |differenbteser tadfiguatiomsuggesta the use ob difesgntiftaquenciase witBzhe philsa

splltsthe bea t wo beans, 135 t hat u inintensity within five
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partially %hariﬁé r8péttior] &tk e . the fm% JF 1% sGUAR wéve pulses from pulse

generator 204) is used, any attempt to change the wave shape also results in a
change in the time between -pulses," and, therefore, in a variation in the distance
between textured spots on the disk. An attempt to correct this may result in further
changes to spot size and in an unsatisfactory variation in the time required to
complete the process of texturing a smgle disk. To overcome such difficulties, pulse
generator 204 is configured to have a variable duty cycle.

FIGS. 8-10 are graphical views showing the effects of variations in the duty
cycle of the signal driving the oscillator 208 on the shape of the laser pulse emitted.
In each of these FIGS., a lower curve 214 represents a drive voltage applied from the
pulse generator 204, through gate logic 206, as an input to oscillator 208. In the
example of these FIGS. 8-10, when two volts is applied' in this way, the oscillator 208
drives Q-switch 210 with radio-frequency energy, preventing the emission of a laser
beam pulse, as shown in the upper laser beam power-curve 216. Each FIG. 8-10
shows a 100-microsecond single pulse in a irain of pulses generated at 10KHz. In
FIG. 8, the duty cycle (the ratio of time Q-switch 210 is driven with a radio-frequency
signal divided by the total time of a cycle) is 45 percent. In FIG. 9, the duty cycle |s
60 percent. In FIG. 10, the duty cycle is 75 percent. '

In each FIG. 8-10, when the drive voltage is dropped, the laser output power |
rises rapidly along an initial curve portion 218 to a maximum level, and then falls
along a second curve portion 220 to a much lower level at third curve portion 222,
which continues until th_e drive voltage is restored. During the portion of each cycle -



-together with steering mrrors 134 and the power control optics block 136.
The two | aser beans 135 formng inputs to the block 136 extend parallel to,
and equally offset from an axis 136a of the power control optics block
136, about which the various elenents of this block 136 are symmetrically
depl oyed. Symmetrical beans 135 resuyjd fromthe fact that the input beam
131 to the beansplitter cube 132 is directed at a 45-degree angle with

respect tothe ti | ock axis 136a, with the reflective surface 132a
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power control optics power he TWO beans
beanspl.i t t achieved thrdRgh thé ase of @tomputirpsystéra223p which includes avprovisiorefor
reading program information stored on disks 223a and a memory 223b. The memory
- 223b may include, for example, random .access system memory and hardfile storage.
The outputs of the computing system 223 are used to drive various systems to
establish operating conditions for thé texturing process." For example, an input signal
to each function generat_or 137, which controls the level at which a corresponding
input beam 135 is attenuated within the power control optics block 138, is sent from -
the computing system 123 through a digital-to-analog convertor 223c. An input signal
to the pulse generator 204, controlling the duty cycle of this generator 204 to effect
changes in the shape of the laser beam pulses from texturing laser 129 is sent from
the computing system 123 through a digital-to-analog convertor 223d. The
computing system 223 also performs various -sequericing functions, with an output
signal on line 223e to gate logic 206 being used to tum the pulses from texturing
laser 129 on through Q-switch 210 only when they are needed for iexturing, and with
an output signal to a solenoid valve 223f being used to control the position of
shdttling mirror assembly. 137a through pneumatic slider 139a.
Of the exemplary parameters controlled in this way, the pulse shape is ~
~ applied simultaneously to whichever disk 128 or 128b is being textured at a time.
However, a different pulse shape niay be applied to the disks 128 ‘and 128b from




21 within one percent of one another. The beamsplitter cube 132 splits the
single beamarriving fromthe laser into a pair of beans 135 havi ng power

| evel s within five percent of one another. Wiile the beansplitter cube 132
s a non-pol arizing device, the |laser beans 135 entering the power control
optics block 136 are nominally, or pregponinately, s-polarized, having
passed t hrough pol arizing beansplitter 118 (shown in FIG 5). Wthin the
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be obt ai neghachQide of the disk 128 or 128b being textured, providing a type of control which is
partlcularly important because of dlfferences between the two beams 135 arising
" from beam splitter 132 at the beginning of the different optical paths extending to the
sides of the disk being textured. This independence of control of the laser power
attenuation arises from the fact that the liquid crystal variable retarders 136b (shown
in FIG. 7) within power control opticé block 137 are ihdependently driven by a pair of
function generators 137 receiving input signals from computing system 223 through
digital-to-analog converters 223c Furthermore, these function generators 137 are
preferably driven at independently adjustable levels according to-the spindie 128a or
128¢ holding the disk currently being textured. This type of independent adjustment
provides compensation for differences in the efficiency of transmitting laser beams
along the optical paths leading to the disks on the different spindles 128a, 128¢. This
type of independent adjustment can also ‘be used to facilitate textunng disks to
differing specifications on the two spindles.

Thus, the computing system 223 stores, within memory 223b, independent
levels for one or more parameters to be applied to disks being textured on the
spindles 128a and 128b. Since the computing systém 223 controls the position of
shuttling mirror assembly 137a through solenoid valve assembly 223f, the location
of the shuttling mirror is known within the system 223. This information is used to
determine which of the two levels for each parameter to apply for the texturing of an
individual disk.



-exanpl e, from Meadow ark QOtiés, of Longnont, Col orado, under their part

nunber LVR-100-1047-V. The voltage signal driving each liquid crystal

vari able retarder 136b is provided by the output of a function generator
137, which preferably produces a DC bal anced 2kHz square wave havi ng an
anplitude which is adjustable to determ ne how the pol arization of the beam
passi ng through the retarder 136b is28ltered. After exiting the retarder
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conveni ent this procdss. Sucts measyrementanemade\aiong éhch of the two sides of a disk
128 textured on right spindle assembly 128a and a disk 128b textured on left spindle
assembly 128c. -

Continuing to refer to FIG. 6, a second version of the present invention
includes a pair of interferometers 126, 126a built into the laser texturing apparatus.
Each interferometer 126, 126a is similar to the interferometer 10 described above in
reference to FIG. 1, except for the rearrangement of components to provide for the
simultaneous inspection of both sides of the disk 128 and to allow the device to fit
within the apparatus. Thus, a laser 224 directs a polarized beam through a half-wave
plate 226, which refines and adjusts its angle of pola_rization,.to-a hon—pblarizing
beam splitter 228, which directs half of the beam energy along each side of the disk

- 128. As before, the remaining portions of each light path include a second half-wave
plate 230 a Wollaston prism 232, and an objective lens 238. A reflector 236 is added. .
to direct the sub-beams from the prism 232 toward the disk 128. The retuming sub-
beams, having been reflected off the surface of disk 128, are recombined in the
Wollaston prism 232, and are reflected by means of a non-polarizing beamsplitter
239 and a polarizing beam splitter 240 into a pair of photodetectors 242, 246. The
output of each photodetector 242, 246 within right interferometer 126 is fed throug_h
an énalog-to-digital convertor 248 into a computin:g system 250. Similarly, the output

" of each photodetector 242, 246 within left interferometer 126a is fed into the
computing system 223 through an analog to digital convertor 248a. In the computing
system 223, a program performing the calculations described above: in reference to



+output signals frompower detectors 130, 136j are individually calibrated
usi ng neasurenents of beans 136m at the exit of the power control optics
bl ock or farther along the optical path toward the point at which a disk 49
is textured. This type of calibration is generally needed because of a :
nunber of factors, such as differences in the percentage of incident power
reflected within the beamsplitters. 136128 mi ng beanms at these power
detectors. The outputs of_ power detectors 130, ,136i . are preferab
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doscri bed- DUk F8Rk; Howdiar/ SR Wi disls of splffe aB¥GmbIc 128, FEBCER

parti cul ar | textured wean @itematingfdshiomn; thé calculations pesfonmiedokith peofiledata from .
these disks are also performed in alternating fashion, reducing the processing load

placed on the computing system 223.

The interferometers 126, 126a are preferably mounted adjacently above or
below the paths of texturing beam 136m, depending on the direction of rotation of
rotation of disk 128, so that individual textured spots are inspected soon after they
are formed. ’

Data collected this way may be displayed on a conventional display unit (not
shown), providing inputs to a pi'dcess in which calculations are made as described °
above for adjusting one or more parameters in the texturing process. Separate data
is used for each side of each disk. ' '

However, id a preferred version of this invention, this data is used to control
various parameters of the texturing process on a real-time basis. For example, if a
ridge is being formed around each textured spot 104 (shown in FIG. 4), and if the
height of this ridge is controlled by varying the duration of each laser pulse, the ridge
heights measured by'the.interf'erometers 126 is, for example, averaged, and the ideal
ridge height is approached by varying an output from computing system through a” -
digital-to-analog convertor 223d to control the duty cycle of pulse géneratoi' 204.
Anocther output from computing system 223 to gate logic 206, on line 223e, is used



- 23 laser beam 131 into two beans 135, it is further desirable to perform
adj ust nents based on the actual profiles of textured spots produced on
di sks processed through the apparatus. The | aser texturing apparatus of
FIG6 is configured to texture either a disk 128 spinning with right
spi ndl e assenbly 128a ‘or a disk 128b spinning with Ieft spindle assembly
128c. Wiile these two disks 128, 128¥ cannot be textured sinultaneously,

h ed di sk f
S1a bei ng tpagir Pietieb8F hUlss o phfk fhe BIRLARERIRE or ii6 tetetnde Frosdstc "
Thi s net hodhg oeraliatepth weaeh t@&uﬁéﬂ/@pﬁtﬁ@@éntf@le@ttﬁplvéu?mbftﬁetﬁwm B 1Rbr

the texturing device, its flexibility of usage reliability of
oper ati on. mﬁ%é@§§1ﬁﬂﬁ"@f sppimen gagh|side oatlwd-a&ﬁa& ng8bisused o adJUSt the

s Found 1 ASEd e8! fethdsondind RAT chlsthyifiabl weidtier 188 fcdliuns
a cross- r efthe eoltagd out@utafmads@maledfﬂhcm gerieratorn 37 ititloughedigital
from power control gggtlcs bl gck 136 are directed toward either disk 128 or

128b accor GORYetar dbls undarsieo t%atum pAdess prosesscamtialy are eansidered,

ooy o ey PREHAR, & Rl grSaheP ooty e BiirkebiotBes may e vaieg

t he positi dhraughi thatuae mﬁhenﬂler&rbmeteﬂsl 1P86, |1m6a aridthe computmg system 223

rightward-beam di rIi?ecstp'ltregthe fraCP {ha]t c?tanges are being. made on the process texturing a
disk in a real time basis, separate files are preferably kept within memory 223b for
the application of the texturing process to disks on right spindle 128a and on left
spindle 128¢c. Thus, the parameters determined to be correct by the end of the
process of texturing a disk on right s_pindle 128a may be used to begin the process
of texturing the next disk on right spindle 128a, while the parameters determined to
be correct by the end of the process of texturing a disk on left spindle 128c is used -
to begin the process of texturing the next disk on this spindle 128c. Since the
spindles 128a, 128¢c are used in an alternating fashion, the values of these
parameters for a disk on each spindle must be stored as a disk is textured on the
other spindle. Furthermere,'the use of separate files for processing disks on each
spindle allows the storage of different ideal and initial values for parameters, so that
disks of differing materials, or disks to be textured to differing specifications may be
processed on the two spindles 128a, 128c. '

' While the invention has been described in a form simultaneously texturing
both sides of an individual disk, it is understood that the invention can readily be
applted toa system texturing only one side of an mdlwdual disk at'a time. '

While the invention has been described in its preferred forms or
embodiments with some degree of particularity, it is understood that this description

has been given only by way of example and that numerous changes in the details of



-reflects the |aser beanms 136mto texture the disk 128 turning wth right
spi ndl e assenbly 128a:. \Wen the shuttling mrror assenbly 137a is in the
position indicated in FIG 6 by dashed lines, the |eftward-beamdirecting
mrror 139 reflects the | aser beans 136mto texture the disk 128b turning
with left spindle assenbly 128c. The shuttling mrror assenbly 137a is
moved between these two positions by &slider 139a, which, for exanple, may

be a pneu i Vi C I j ; ' ;

i sics' o nERBSUyEon RabiGilct i, ade. SBYERMA IO ABIrdgh, aitP Shranabitn of.
as the las pértb,eﬁﬂ? be3fmaderwitisbutedgpziting rom thepspiet and sgbpe pathesinventioneach
shuttling mrror 138, 139, the texturing beans 136m are directed through
focussing lenses 140 and off reflective surfaces 142 to stri ke opposite
sides of an associated di sk 128, 128b. 24 The disk 128 to be textured is
held in right spindle 128a while it is rotated by a right spindle drive

not or (not shown). A right spindle translation notor (also not shown) noves
the entire right spindle assenbly 128a, first in the direction indicated by
arrow 143, and then in the direction opposite that of arrow 143. The
texturing process occurs during this return notion, opposite the direction
of arrow 143. Simlarly, the disk 128b to be textured is held in left
spindle 128c, which is rotated by a |eft spindle drive notor (al so not
shown). A left spindle-translation notor (al so not



> shown) dl e assenbly 128c, first in the direction

opposi t then in the direction of arrow 143, with the
texturer' ﬂﬂm B\Llﬂr ng during the return notion in the direction of
arrow 14 each spindl e assenbly 128a, 128c is tracked by an

encoder (not shown) noving adjacent to an encoder scale (also not shown).
For exanple,the laser 129 is energi zed3®y di ode punping froma | aser diode
129a throu a fiber-optic cable 129b, and is pulsed by a Qswitch control
i ncl udi ng lig elaBRENSt or 204 to generate a square wave corresponding to
the desired train of |aser beam pul ses, and gate | ogic 206 to determ ne
when ['aser beam pul ses occur. The Iaser 129 includes .an oscillator 208
driving an acoust b- opﬁpparﬂussfmgeheﬁhﬁg a/plutalltyaf lextired spots gxtzhdingatong

| aser 129, th a o-frequenc wi.tch, 210 i s
acoustical§ aa"ﬁq‘?/{a‘? ﬁ'lés i‘l’hfj@ Pﬁﬂﬁﬁ%@gcﬂw HPfr\'ﬁPfS wherein$aid apparatus
Q factor ogorhpfiségtser cavity 212, stopping the em ssion of a |aser beam
When the radio-frequency energy is turned off for a relatively short tine,
the laser is perm tt@dt&:@umi aser| generating @ texturing lasen bepm campossdtiiof aon
node of th sgfr ngé%w’l ng apparatus of FIG 6, the frequency of pulse
gener at or R t 10KHz, producing a pul se every 100 m croseconds,

while the oscillator b arrem@mméwgre&hgwawmm Qérl?éhﬁﬂ"ﬁrhe?élﬁ
| evel of power  which may be dell vered from punpi ng di odé 129a depends on

the type otaidheam directing ngans lﬁmnvablem,etwsagnmlrsrposmanu whlcbmld Jaserof

anot hor 1 ypaarh e firelett 13 it SndUHE b BRAPH FRe0 BoRfBn M biet b lnser.

of a beam is directed to a second exposure point;

first disk drive means moving a disk within said first plurality thereof
past said first exposure pdint for exposure of a poi'tion of a surface of said disk to
said texturing laser beam with said beam directing means in said first position;

second disk drive means moving a disk within s_aid'second plurality
thereof past said second exposure point for exbosure of a portion of a surface of said
disk to said texturing laser beam with said beam directing means in said second
position; and | _ .

process control means adjustin'Q a first parameter controlling a
characteristic of said texturing laser beam striking disks within said first and second
pluralities thereof, wherein said process control means adjusts said first parameter
in accordance with a position of said beam directing means.

2. The apparatus of Claim 1, wherein said process control means adjusts
said first parameter to a first level when said beam directing means is in said first
position and to a second level when said beam directing means is in said second
position. '

T li’iilﬁﬂi"li‘ﬂin



s 25 dimuration suggests the use of different frequencies,
wth t 204 operating, for exanple, at 70KHz. In the

cont ex '!E'ﬂimj’mt uring process described herein, it is particularly
desirabte ¢to vary the shape of each | aser beam pul se within.a
train of such pul ses. For exanple, a longer pulse width (or greater pulse
duration) tends to produce a higher rim3around the textured area as

indicated by the |lower curve 116 of FIG 5, together with a | ower central.
area. However, .if 3 heThempparatusaf Glam@: of varying the repetition rate

i.e. the f f th f | 204
sed, any attompt 1o WhAaRRGR SHACTat ParEnBRr 163 ovel Bt e piSA B Rl jeting,
time bet wegisdtHenps, ar'd, therefore, in a variation in the distance between

textured spots on the disk. An attenpt to correct this may result in
further changes to spwheeinsaidreharactaristioefsaidiextiuripgjasaibieam is powenlevel ne

required t S g a single disk. To overcone
such diffi %6%8@%%%d;§s§eﬁ§$®t ﬁ{('?bég%t@d@)}hf igured to have a vari able
duty cycle. FIGS. 8-10 are graphical viems showi ng the effects of

variations in the duty cycle of the signal drjving the oscillator 208 on

the shape of the Haselh®@apparatus of Claim; V@'&ﬁfﬁ'“@' levelofatienuation js;agiksted ve

fﬁfoLSErSZPQt"%a@ G el AG aif Byt SERER ByERr T PO 200

5. The apparatus of Claim 2: _
wherein said first parameter is a duty cycle of a pulse generator driving
an oscillator to operate a Q-switch within said texturing laser; and |
' wherein said characteristic of said texturing laser beam is a shape of -
pulses therein.

6. The apparatus of Claim 2, wherein said process control means
mcludes a computing system having:
a memory in which sald first and second levels of said first parameter are
stored; and
output means driving a ci_rcuit controlling said first parameter.

7. The apparatus of Claim 1;

wherein said apparatus additionally includes a first inspection device
generating first signals representative of profiles of said textured spots on saiq disk
within said first plurality thereof, and a second inspection device generating second
signals representative of prdfiles of said textured spots on said disk within said
second plurality thereof; and

wherein said process control means additionally calculates surface
profile déta from said first and second signals, using said profile data calculated from

heet Has Been R 1a(‘ed
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=exarrpm 10, when two volts is applied in this way, the
osci | lr“”ﬂ'wmn"ﬂ svm tch 210 with radi o-frequency energy, preventing
the e !!EB' beam pul se, as shown in the upper |aser beam

power - CurYe 216 FI G 8-10 shows a 100-mi crosecond single pulse in a

train of pulses generated at 10KHz. In FIG 8, the duty cycle (the ratio of
time Qswitch 210 is driven with a radio- 3%equency signal divided by the

total t f I 45 , the dut I 60

ot aent et Signas o gy Bret B egoEgaasgvmram%xec‘i%w%GS PESTIR dathcn
the drive AfbiiaRe fk&n%%ii&é@é‘ébn& ﬁgnbﬁ%r oi\&%tl%ée Evél Pﬁtgia)faﬁle?&g an
initial curve portion to a X1 mum hen a second

curve portion 220 to a much Iomer IeveI at third curve portlon 222 whi ch
continues until t ﬂblve voI r§§tored. During the portion of each
cycle pr ecedi rgy is accunul ated, with nore energy

bei ng accunul at ed asméremgséndtpmes§ IntoN ey .ﬁdm&esouré&ﬁsu .ﬁ’@%psfefm

steepness of the subsequent rise in laser output power and

whi ch t hi having:a memery and outpiit means diiving arcircuitoontrollingssaid ficst parameterr,
pul ses haéz,g)g hi gher duty cycles. Thus, through the use of a pul se

gener at or havi ng a vari abl e duty cycl e, an ability is gained to change

the hei ght and wi dt hwheréin@aid fiksk andzeednd tevels of said. fnrst p&r&n’ietéharwsmed he
repetition rate of such pulses. This feature is especial useful in a

text ur i ng WifYn said memany, with saiddfinst lewel thereat calpulated wmganfoqe&s@g ofisaid,
to disk within said first plurality thereof, being subsequently used as an initial value of

said first parameter during subsequent processing of another disk within said first
plurality thereof, and with said second level of'said first parameter, calculated during
processing of said disk within said second plurality thereof, being subseq_u_ehtly used
as an-initial value of said first parameter during subsequent processing of another
disk within said second plurality thereof.

9. The apparatus of Claim 8: . _
wherein said first parameter is a level of attenuation of said texturing
laser beam; and | '
wherein said characteristic of said texturing laser beam is a power level
of said textﬁri_ng laser beam striking said disk.

10. The apparatus of Claim 9, wherein said level of attenuatidn is adjusted
by varying a signal driving a liquid crystal variable retarder.

11. The apparatus of Claim 8: .
wherein said first parameter is a duty cycle of a pulse generator driving
an oscillator to operate a Q-switch within said texturing laser; and

This Sheet Has Been R,
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«texture disks according to multiple requirements. Referring again to FIG
6, the control of varieus texturing paraneters is achieved through the use
of a co ut| n 223, which includes a provision for reading program

i nf or u @i\ di-sks 223a and a nenmory.223b. The menmory 223b may
incI random access systemgrenory and hardfile storage. The
out puts of the conputing system 223 are used to drive various systens to

establ i sh operating copditions for the. ur
hput 51 gnal o each VIR S chuRagic o el ReflriTaser d8tm3E b 6
whi ch a corgisomardid. | nput beam 135 i's attenuated within the power control

optics block 136, is sent from the conputing system 123 through a
digital -to-anal og convertor 223c. An input signal to the pul se generator

204, controlling enerator 204 to effect changes in
t he shape of the It12$ fH%égﬁ%pJ gJC?IP 7 ;

texturlng | aser 129 is sent from

the conputing system Wﬁarélﬁr Qdﬁh fﬁsldllﬂsﬁedtlohodémbommramrlnfé?&iom'gt@r
conputing system 223 al so perform; various sequencing functjo

out put si gipeiesting laser sutsbeamsgat:first and secansl test spPts 9@&%dlslswmm§awﬁ§fes

fromtextur 29 on through Qswitch 210 only when they are needed
for texturldr@g"ﬁaeq}h an output signal to a solenoid valve 223f being

used to control the pwheteinrsail sdvond inspection devicesinchides1ai antdnfemgieter
pneumati c slider Oa. Of he exe raneters ntroll, d in t
Phe pul s feaieeting agn suybens ahiniel dnd Toathacstiansts o sald K w8
bei ng text wever, a di fferent pulse shape may be applled
to the di S%%?g@bllﬁgﬁfyrfggrf rom
wherein sald disk within said first plurallty thereof is moved so that said
textured spots thereon are moved through said first test spot while said second test
spot remains on a flat surface of said disk;
wherein said disk within said second plurality thereof is moved so that _
said textured spots thereon are moved through said third test spot while said fourth
test spot remains on a flat surface of said disk;

wherein said first signals represent a height difference between said

-o-

first and second test spots; and
wherein said second signals represent a height difference between said
third and fourth test spots.

13. Apparatus for generating textured spots éxtending along 6pposite sides
of disks within first and second pluralities thereof, wherein said apparatus comprises:
a texturing laser generating a texturing laser beam composed of a
series of pulses; ' '
a beamsplltter d|V|d|ng said texturing laser beam into first and second
texturing sub-beams;
beam directing means for directing said texturing sub-beams, wherein
said beam directing means is movable between a first position, in which said first

This Been Re ﬁaced
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»27Mhelaser station. This kind of flexibility is
part “““Emmme in the event that different types of disks are to be
text m pi ndl es 128a, 128c, or if disks fromthese spindles '
are othefw 'se %o *be”textured accordi ng to differing specifications. In

certain instances, the ability to texgre disks according to differing
" specifications aIIovxs the | aser texturing process to be used at a full rate

of product i&Rrunhs %ub-ﬂ)éémt@(ﬂlfééﬁ’@d?io af firdt 8kSodurs tpditdand saidesédoridexturing
specifications iS required. On the other hand, the |aser power paranmeter is

i ndependenisub-kgainiig direstashioha segendfexpasud qumn.zmd)a ss.eszead w&sﬁ@m dx wihicty,

G 71 or ence Saist e dmeERBOIST-Bels esRBed LY 4R $rpBRReI it ARG BeRESSKenq .
begi nni ng eéxtufieg Subfissaantis directerl tope fdirtteaxpauliragolm; t he sides of the disk
bei ng textured. This jndependence of control of the |aser power attenuation

ari ses fromthe fact finshdiskickiveireans maving:a diskwithin saiddirst plurality thereoksawn
in FIG 7) tPTMfJ‘l‘ BiQeds s%?&'&sﬂ'm%ﬁést@aﬂf {a%p Lﬁeg?ﬂﬁg@m%e&ts& ofldl s\

by a pair | on genera ors recerving rnpu rom conput1 ng
syst em 223 of baidudisk, bppdsite-said firshsitle thereof meves Bﬂ&csaquewmi expasure peint,

| evel s ace SR teytirad %s%été‘ée aepsBl Being Jomerd onitieth SHBSAIRId GRnt |y
Pglr ngl 1Ef6§ g:lggs .TE' fheé(&?q | CI ency O%ﬂgw ng asgﬁﬁﬁhﬁﬁg&%ﬁﬁﬂ'ﬁaﬁlw
thereof so that a first side of said disk moves past said third exposure point while a
second side of said disk, opposite said first side thereof, moves paét said fourth
exposure point, with textured spots simultaneously béing formed on both sides of
said disk; and
process control means- adjusting a first parameter controlling a
characteristic of a sub-beam striking disks within said first and second pluralities
thereof, wherein said process control means adjusts said first parameter in
accordance with a position of said beam directing means.

14. The apparatus of Claim 13:
| wherein said first parameter controls a characteristic of both said first
and second sub-beams; and
wherein said process control means adjusts said first parameter to a
first Ievel when said beam directing means is in said first position and to a second
level when said beam directing means is in said second position.

15. The apparatus of Claim 14:
wherein said first parameter is a duty cycle of a pulse generatordriving _
an oscillator to operate a Q-switch within said texturing laser; and

/.
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« al ong the—optical—paths | eading to the disks on the different spindles
128a, I ndependent adj ustnent can-al so be used to
faC| I| mﬂ Mimﬁ |m sks to differing specifications on the two spindles.
g System 223 stores, within nmenory 223b, independent

IeveIs for one or nore paraneters to be 3@pplied to disks being textured on
the spindles 128a and 128b. Since the conputlng system 223 controls the

position of shuttling rror assenbl 7a thr sol.enoid val. SS
223f, the |ocation of WheeiR§a phe‘r@ q5§'8r°f|s§' g%‘:"\ﬁ'?ﬁ?ng? '%f?sﬁa'&’rﬂ
Thi s infor?méégqpéﬁ_%ﬁsed to determne which of the two levels for each

paraneter to apply tor the texturing of an individual disk. . 28 In a
first version of the present i nvention, which does not the internal

interferoneters 1 vari Qus raneter levels stored within

menory 223b are pr gwﬁ %ﬁt%@é@ﬁ *operator, using, for exanple, a
keyboard 223g attaChe\ﬂhéﬁblh*@léoﬁi’%ﬂpaﬂﬂmféﬁ E0ntPOIS . a Bhueacteristic oflsaid first
settings, theseé inputs are preferably based on attenpts to bring various

par anet er s texturing subdieam; act ual textured spots to predet ermined optinmum

Level's, The Tnterfer ouRbRiR o5ubdi PARMAHPbingIgs o difdoleisti bP LB Saddh

FIGS. 1-5is particu nmeasuri ng actua ured
t hi s proceséxtufing subdamenent s are made al ong each of the two sides of a

d S_k wherein said process control means adjusts said first parameterto a
first level and said second parameter to a second level when said beam directing
means is in said first position; and

wherein said process control means adjust said first parameter to a
third level .and said second parameter to a fourth level when .said beam directing

means is in said second position.

17. The apparatus of Claim 16:

wherein said first parameter is a level of attenuation of said - first
texturing sub-beam; .

wherein said second parameter is a level of attenuation of sald second
texturing sub-beam;

wherein said characteristic of said first texturing sub-beam is a power
level thereof; and '

wherein said characteristic of said second texturing sub-beam is a
power level thereof. '

18. The apparatus of Claim 17, wherein each said level of attenuation is
adjusted by varying a signal driving a liquid crystal variable retarder.

u||||u 1T



« 128 t ured on right spindle assenbly 128a and a disk 128b textured on
| ef t gf)lim‘y‘—ﬁﬁt. Continuing to refer to FIG 6, a second version
of the H"mg ' ' includes a pair of interferonmeters 126, 126a built -
into th m,”"mm apparatus. Each interferoneter 126, 126a is
sinmilar to%hé iMtesferometer 10 descriBggd above in reference to FIG 1,
except for the rearrangenent of conponehts to provide for the sinultaneous

i nspection of both_ si Hes of the di ?Jlf .12%3 and to allow the device to fit
wi thin the apparal$s. apparatyg OELCI3I ¥ rects a pol arized beam through a

hal f-wave plate 226, \whieh, F?H W&j& ﬁﬂdﬁﬂﬁﬁﬂw ingludes| £hikt igpetivAdevite

to a non-pol ari zi ng beam sp I'rects half 01! the beam
ener gy al oggnemtingdirsiesighalsitepdesantative ofprofitdsoofesaid textueachspotsgorpsaidifosts

232, and aHognPEceid sk Witdazaid frel plually efodt, % apafi JRapRAAH dines”
sub- beans ﬁéﬁ%i@@tégﬂmﬁgﬁ%&gﬁf&éﬂﬁlﬁ éﬁf(fbii!l‘;ks di"gaid téxturéd 8pétsion bﬁfm‘s )

havi ng bee face of dis 8, are reconbined in the

Wl | aston secand siie obsaidadisk mathin saistifinsy plusality theresf.nd thigbinspegtiag device

phot odet ctanereiing Hind sBRafkteprehriaRe LRI otily 1N 4866 Al sold i,
ri ght intesfderstsaicdiskadithia satd sbbond plurality dvereot)-dnat afourtiainspectiontdevic! 8
into a conputing system 250. Simlarly, the output. of each photodetector
242, 246 wgeneratingrfourth: signalsaiepresentative of prefiles of &aicﬁtexs $POl§ Q) saldn,

223 through,. | (i gital convertor 248a. In the conputing system
223, a prog?%ggﬁpgg%}ér%’gf’the cal cul ati ons descri bed above.. in reference to

wherein said first parameter controls a characteristic of said first
texturing sub-beam; _

~wherein a second parameter controls a characteristic of said second
texturing sub-beam; o E |

wherein said process control means additionally calculates surface
profile data from said first, second, third, and fourth _signals, using said profile data
calculated from said first signals to calculate a first level of said first parameter, using
said profile data calculated from said second signals to calculate a first level of said
second parameter, using said profile data calculated from said third signals to
calculate a second level of said first parameter, and using said profile data calculated
from said fourth signals to calculate a second level of said second parameter.

20. The apparatus of Claim 19: . .
wherein said process control means includes a computing system
having a memory and output means driving a circuit controlling said first and second
parameters; R |
wherein said first and second levels of said first parameter are stored
within said memory, with said first level thereof, calculated during processing of said
disk within said first plurality thereof, being subsequently used as an initial value of

I

i



« 29 FI |s runm | S program has been | oaded into the conputi ng
syste ,WI one or nore diskettes 223a, on which the programis
lThese cal cul ati ons develop a profile of each
a

nagnetl
t extured spof bn e side of each of the disks 128, 128a. In general, to

generate data describing the entire textygi ng process, the conputing system
223 tracks four separate texturing pI’OfI | es, one for each of the two sides

f- the di disiOwi :

o i b Ay AR ssedi rraLedi spSRaY difemmmpcemadrir
gsgfr:at lg :‘ ﬂ@%ﬁﬁf&ﬁm with saidseécons Ieveie:_f sand;ﬂrﬁt pey_ama;eb eajcuiatesdusing
P et B ) 555k B G SRR uees
cal cul ati ong, é’f?'ﬂlﬁél'%‘fué!"b Qa ﬂ%t bﬁrﬂﬁé&rfdtﬁiﬁgtsf%%éqdeﬁtkéro@éésmb&ﬂ another

performed in alternating clng the processing | oad placed on
t he conput |diskw;thhesalagécoﬂdiuplurahwrﬁ\er@fbams 126, 126a are preferably

nount ed adj tl b b h

meclﬁ.dngl b the ui r obtBesingtant st ABd “aeond favdis b HeidSeBoad phfdfeter are
u 'IUﬂﬁ idfitsEl .

col |l ected t% H n%aﬂt)'gleg{ l\gﬁ(ﬁa’gﬁ a ggﬂvtg%ﬁag n‘?‘%f%ﬁ@%%fb Cdr?g?m

Zhovvn_) pr (nflaald]glshwﬂhln said §i mmuwsy therapf, beingsubsequesty used as g inigial
escribed “value of said second parameter during subsequent processing of another disk within

said first plurality theréof and with said second level of said second parameter,
calculated during processing of said disk within said second plurality thereof, being
subsequently used as an initial value of said second parameter during subsequent
_processlng of another disk within said second plurality thereof.

‘21, The apparatus of Qlaim' 20:

wherein said ﬁrst' parameter is a level of attenuation of said first
texturing sub-beam; . |

'wherein said second parameter is a level of attenuation of said second
texturing sub-beam;

wherein said characteristic of said first texturing sub-beam is a power
level of said first texturing sub-beam striking said disk; and '

‘wherein said characteristic of said second texturing sub-beam ls a -
power level of said second texturing sub-beam striking said disk.

22. The apparatus of Claim 9:
wherein said first parameter is adju'sted by vgrying a signal driving a
first liquid crystal variable retarder; and
wherein said second parameter is adjusted by varying a signal driving
a second liquid crystal variable retarder.
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« above for adjusting one or nore paraneters in the texturing process.
Separate data is used for each side of each disk. However, in a preferred
version of this invention, this data is used to control various paraneters
of the texturing process on a real-tinme basis. For exanple, if a ridge is
bei ng fornmed around each textured spot 104 (shown in FIG 4), and if the
hei ght of this ridge is controlled by vaoying the duration of each |aser
pul se, the ridge heights neasured by the interferoneters 126 is, for
exanpl e, avbAé@&ﬂEXHmmRATé§@VHHﬁMALi&%RWWﬁMg an
out put from conputi ng Sﬁilt)gmthr ough_a digita convertor 223d to

gtal-to-anal o}g]&
control the duty cycle BENDENEEY ABJUSBED BARANMETERt put from

conputing%séggj 23 to gate logic 206, on line 223e, is used 30 to turn
t he | aser n only when they are needed for the texturing process. If

e, ot b, I il BT B AR B P A SR e d 8, 50
f ‘oot P28 ithin s BB, hfot Y Sperlell iR RENRKEA procl h ARRTE
under st oo PIRRtes Sty (1383 4l tromy Bebill gilip ARfAdre GRS Wiudlilhe || 1 ©
nunber of (Rhiififg $1OBEss UnSa R¢6Ad Eﬁ]ﬁd[b%%éeﬁiﬂlﬁ@lﬁ%)?cl’&ferﬂﬁ?; Bﬁké’él&%?ﬁoiﬂ‘ﬂﬁugh

the use of the interferoneters 126, 126a and the conputing system 223.
first group are textured alternately with disks (128b) in the second group. A first level

of least one texturing parameter is stored for use only as the process is applied to disks
(128) from the first group, while a second level of the same texturing parameter is stored
for use only as the prdcess is applied ;:o disks (128b) from the second group. These
levels may be derived from measurements of textured spots made with interferometric
deviées forming poritions of a texturing station.

Fig. 6
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dfibsplte the fact that changes are being nade on the process texturing a
disk in a.real tinme basis, separate files are preferably kept w thin nenory
223b for the application of the texturing process to disks on right spindle
128a and on |l eft spindle 128c. Thus, the paraneters determ ned to be
correct by the end of the process of texturing a disk on right spindle 128a
may be used to begin the process of tewtguring the next disk on right
spindle 128a, while the parameters determned to be correct by the end of
the process of texturing a disk on |eft _spi ngbﬁ 1p '%@“Ased &8 begin the
process of texturing the next disk ont Si t he spindl es
128a, 128c are used in an alternating faéhlon the vl ues. t hese
paranmeters for a disk on each spindl.e aﬂgzone sjroret-as—a~disk is textured

U

on the other spindl el Furthernore, the pf sdparate filds for progessing
di sks on each spindl ¢ allows the storage_of diffldPROEESSORI| and init{al .
val ues for parameter$, so that—disks off gdyfhle~-+g naterlal ——o+ di sk$ to be
textured to differing 8@eci#eqti ons nul  pr oCESSEQ ; b spi hdl es
128a, 128c. Wile the Mpv ti]on 6beefi descri N si ful t apeously .
texturing both sidesjo I dual glsk At t he
I nvention can readil y{pelh ﬂ ystemte sidejof an
i ndi vidual disk at a - “the ypventyigon 7igab e : ed injits
preferred fornms or e ] fre gn seme degree of partlcularlty, itjis
under st ood t hat ttﬂ254n§§34% has Q§eﬁ pA\vgn dnl'y by way off exampfe and
t hat nunerous chan%&f in $ N U M o) P Y Sy S
30\ ‘_5/26 \ \
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~ 32 CLAIMS 1. An apparatus for generating a first plurality of textured
spots extending along a surface of each disk within a first plurality of
di sks and a second plurality of textured spots extending along a surface of
each disk within a second plurality of disks, wherein said apparatus
conprises: a texturing |aser generatin% 7 texturing | aser beam conposed of
a series of pulses beam directing nea é for directing said texturing | aser
beam wherein said beamdirecting S
position, in which said s ono--P
and a second posi ti : 5
exposur e pptrmrgere
sai d first‘!L,
a portion

CHLo-P ™
)

kT past sai d second ,exposure point for
exposure of a 83

. aceg1of sandipgdi vijgyal di sk wi thin said

second plurali v 'éjquZXturinBO?aser beanayrth1gaid beam

directing nmeans in said second posi}ﬁ \ angg process cdntrol neans
3.

adjusting a first paranmeter control a cHaracteristic of said texturing
| aser beam striking disks within said first and second pluralities thereof,
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#2wherei n said process control neans adjusts said first paraneter in
accordance wth a position of said beamdirecting neans. 2. An appar at us
as clained in Caim1, wherein said process control means adjusts said
first paraneter to a first |evel when said beamdirecting neans is in said
first position and to a second |evel mggp.said beam directing neans is in
'sai d second position. 3. An apparatus as clained in daim2, wherein said

first para vel MCI%}»%]UB; ony of s$aidl texturing |aser beam and

33 wherein 14 : Ssat)| & M [~a3@r Beamis a power
. level of safd textuil astF beaf siur (¥ & $k @i nfitextured. 4.  An
apparatus a ' I m 3, Syl

| evel of dttenuation is

) T

"~ adj ust ed Py varying 2 gnal yui d lcrystal fariable retarder 5.
An apparafu gs ChahTEAc nsgid first garaneter is a dulty
cycl e of cugy et dol atjor opegdte a Qswitch
within saild]teg ng{ | 4der o3 =t ' e
texturingil he s13 g Thetlei 124,  @n_apparatus s
clained i i R whelsgys ol S pahudefathnput f ng
syst em hayi Byl Y dh \‘ﬂ%' L e X R -AN dlfifst
par amet er Q[ pd: © |
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*“and output nmeans driving a circuit controlling said first parameter. 7.

“An ‘apparatus as clainmed in Caiml1, wherein said apparatus additionally
includes a first inspection device generating first signals representative
of profiles of said textured spots on said surface of said individual disk
wWithin said first plurality of disks, 2£d a second i nspection device
generating second signals represent at ft of profiles of said textured spots
said surface of said individual on said disk within said second plurality
of disks, and wherein said process control neans additionally cal cul ates
surface profile data fromsaid first and second signals, using said profile
data calculated fromsaid first signals to adjust-a first level of said
first paraneter, and ysing p2b3i le 0 a calculated frjom sai d18econd si
to adjust a secong: | evel sqid firfst ararretero<8

claimed in C ai ere?fs d_pr ceggz Zontry

syst em havi ng drivi 3) CI r
first paramate(ra?a nd se ﬂ'qu
paranmeter are storeg ithin said nenory, with said fifrst |evel
cal cul ated during 3 of said [T vidual H§¥ Wit T

plurality of digk sequent |y used asn,pgl nigiab val ug
first paranet erédil n uent progessing OE glot I'rerzljf’rsk Wi

first plurality X 0 | ot
30 100 30 100
TIME, MICROSECONDS TIME, MICROSECONDS

FIG. 8. FIG. 9.

3§
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Lu§+2 \
é'g. 214
S: ot
50 100
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FIG. 10.



“thereof, and with sai d second |level of said first paraneter, calcul aof%éoémj ?
during processing of said individual disk within said second plurality of0s 4
di sks, being subsequently used as an initial value of said first paraneter
during subsequent processing of another gisk within said second plurality

t her eof .
par-anmet er

9. An apparatus as clainmed in Caim8, wherein said first

Is a level of attenuation of said texturing |aser beam and

wher ei n sai d OWhemtieesdaghing processiigl to ehet parfarmet] ather interfareineten ip adinstedetoe|
of said texturing | aser beam striking a di.sk being textured. 10. The

appar at us peeduce 4 dark, figld dnterferaging qnetm lingf scap SEDOH Wéﬂlaﬂalwmdowxe
varying a signal driving a li uld vari abl e retarder
appar at us SHace heing scapcd wema @mg ﬁllg APAMANGSs tWIf?él?eérFé’cSEﬁl qr d"é’r‘iﬁﬁ’?’

I f I
Wl thin saPBPeEa s ra?éérer‘i‘ﬁéﬁ!bv“%#aﬁﬁﬁi%ﬁﬁ'lﬁt Rivaisa BT 7, B he

texturlng
clained i
interfero

5 S, P, P o B0 e e

r | LR
sai d indivi Ec’iﬁ:lglllylocf%lgc';ﬁs ﬁ%ﬂﬁ&i%lgﬁ??ﬁ&s’?ﬁp’qﬁa e{dt {l/ﬁo @gﬂs%??%?%gpg?n salq;
second i NngRReMiRE, device includes an interferoneter projecting |aser
sub-beans at third and fourth test spots on said individual disk wthin
sai d second ploH el dttieOharid, Siien the efiterferobdited ofrdiS: iRhvelt NU. 55469,259 fis asddd
first plurality of disks is noved so that said textured spots thereon are
moved t hr gaghe saitid hodet adalyling padtatidnatye ikeafarometricnimagesprojected on the area

array CCD sensor, the height or depth of the anomaly and various details of its shape
can be readily determined. The disadvantage of this mode is that the surface under test
must be held stationary as each anomaly is checked. Thus, a time to move between
anomalies must be added to the time required for measurements and calculations, making
the measurement of an individual anomaly take as long as 0.8 sec.
SUMMARY OF THE INVENTION

It is an object of the present invention to ameliorate one or more disadvantages of
the prior art. |

Accordihg to one aspect of the present invention there is providéd apparatus for
generating a first plurality of textured spots extending along a surface of each disk within
a first plurality of disks and a second plurality of textured spots extending along a
surface of each disk within a second plurality of disks, wherein said apparatus
comprises: a texturing laser generating a texturing laser beam composed of a series of -
pulséé beam directing means for directing said texturing laser beam, wherein said beam
directing means is movable between a first position,“ in which said laser beam is directed
to a first exposure point, and-a second position, in which said laser beam is directed to a
second exposure point; first.disk drive means moving an individual disk within said first

plurality of disk past said first exposure point for exposure of a portion of a surface
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spot remains on a flat surface of said individual disk within said first
plurality of disks; wherein said individual disk within said first
plurality of disks is noved so that said textured spots thereon are noved
through said first test spot while said second test 35 spot remains on a
flat surface of said individual disk wthin said second plurality of disks;
wherein said first S|qnals represent a height difference between said flrst

1o enes eyt Seyg L S o a it Lo i e g
e TSl wiaRingih i el i SRR
: Q)e( { 5;):‘ ng@ewgr %‘élg}l?nl e%%]ﬁg‘?”é}ﬂlﬂsza ;r?)ciop ura%['{t giﬁ?ﬁ% r?@étg%aé%fsg;bo%g ’5%03‘51‘3
gl L \1; [ g ; 221; gggggﬁggxgﬁiif kialﬁ;‘gf{a:grlﬁfﬁé? % ﬂsﬁéizdeuggrﬁld text urin éatl&l second

T bea {ﬂ'ﬂg béa?fftd‘ﬁrebﬁ'ﬁg an%@&ld

wherein Sgl |rect| ng neans 1S etween a first pOSItIOI’] in

“whi ch sai deddnliSposiort; Usdd) Procels cHRAEN mearldl 4BGHRE 4 First hrafleteXgftolEngd @ Nt
and said second texturing sub-beamis directed _

characteristic of said texturing laser beam striking disks within said first and second

i

pluralities thereof, wherein said process control means adjusts said first parameter in
accordance with a position of said beam directing means.

According to another aspect of the present invention there is provided apparatus for
generating textured sﬁots extending along opposite sides of each disk within a first
plurality of disk and of each disk within a second plurality thereof, wherein said
apparatus comprises: a texturing laser generating a texturing laser beam composed of a

' series of pulses; a beamsplitter dividing said texturing laser beam into first and second
texturing sub-beams; beam directing means for dirécting said texturing sub-beams,
wherein said beam directing means is movable between a first position, in which said
first texturing sub-beam is directed to a first exposure point and said second texturing
sub-beam is di'rected to a second exposure point, and a second position, in which said
first texturing sub-beam is directed to a third exposure point and said second texturing
sub-beam is directed to a fourth exposure point; first disk drive means moving an
individual disk within said first plurality of disks so that a first side of said individual
disk within said first plurality of disks moves past said first exposure point while a
secoﬁd side of said individual disk within said first plurality of disks, opposite said first
side thereof, moves past said second exposure point, with textured spots simultaneously
being formed on both sides of said individual disk within said first plurality of disks;
second disk drive means moving an individual disk within said second plurality so that a
first side of said individual disk within said second plurality of disks moves past said

third exposure point while a second side of said individual disk, opposite said first
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to a second exposure point, and a second position, in which said first
texturing sub-beamis directed to a third exposure point and said second
texturing sub-beamis directed to a fourth exposure point; first disk drive
means noving an individual disk within said first plurality of disks so
that a first side of said individual disk within said first plurality of

di sks noves past said first exposure point while a second side of said

i ndi vi dualsidgi theregf.t mpvesspast sqidrfourth |egpegure poigt, Witk kextursg Fpeist dmykpreouskyst

e e Sl A o e S0 A0 R S S, AR
L B e S AT e,
ﬁfgfu;;&ﬁ%‘?’h&%ﬁ'ﬁ#’%’lﬁ (glg%so‘r@ﬁm ed%#r saidi I‘(lfgl \Pﬂgggﬁe gll _SE, kdpp?gl ¢ °8%i d
Spots of miTLAne OTS) THER e 88 fird R (RARORARR Pl bR o s

Wi thin saipdy s RBEnPmMeaAd.i ty of disks; and process control neans adjusting
a first paraneter controlling a characteristic of a sub-beam striking disks

wthin said first and s@®RIEF DESCRIPTION OF THEKPRAWENGSN sai d process
control neans adjusts aid first paraneter in accordance with a position of
sai d FIG. 1 is a schematic elevation of an interferometer system measuring textured
spot profiles to provide data for the adjustment of laser texturing apparatus built in
accordance with the present invention;
FIG. 2 is a schematic plan view of a half-wave plate in the interferometer of FIG.
1, taken as indicated by section lines 11-11 in FIG. 1 to show the polarization
orientations of coherent beams travelling therethrough;
FIG. 3 is a schematic plan view of a Wollaston prism in the interferometer of FIG.
1, taken as indicated by section lines 111-111 in FIG. 1 to show the polarization
orientations of laser beams travelling therethrough; and
FIG. 4 is a fragmentary plan view of a disk which has been textured by means of a
pulsed laser within laser texturing apparatus built in accordance with the present
invention;
FIG. 5 is a graphical view of output produced by the system of FIG. 1 as an
innermost textured spot is approached along a circular path;
FIG. 6 is a schematic plan view of laser texturing apparatus built in accordance
with- .the present invention; |
FIG. 7 is a sectional plan view of -a power control optics block in the apparatus of

FIG. 6;
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beam d| recting nmeans. An appar at: us as cl al med in Caiml1l3, wherein said
first par ME | !ﬂ characterii;stiic of both said first and second
sub- beans d process control neans adjusts said first

paraneter fo a flrst | evel when said beandirecting neans is in said first
position and to a second | evel when said beamdirecting nmeans is in said
seecond position. 15. An apparatus as clained in Caim14, wherein said
first paranmeter is a duty cycle of a EMAJM enerator dr|V| ng an oscill ator

to operatea swtch within said text | aser ; wher ei n_sai
char act er ilst i Slbﬁpl%aéf?@s tfe&tgGF‘?fﬁﬁﬂg ésé‘fs hggl]ltyso te§‘ﬂ SRS gheading glengian.

cont rol o Sutthts G Fasty Lk ompin it plieaply, S0FER T € shapiatbefifL Pﬁ?&t\mﬂ
second parpliktalenifiy 410 lggaasu?éa@éaﬂ | il il 294 o A28 fly! Se4ibEd Vot

beam process con means a frrst pararreter
to a fi rsrsalheaX)gxhraﬁﬁ econd paraneter to a second | evel when said beam
di recting nea I's 1N f| rst position; and wherein said process control

neans adj usts aslékﬁh'ﬁlgrlﬁier RRhédalhe ttRuAAng lMs&xd beAY @bmpbskd of a series of pulses

beam directing means fbr directing said textﬁring laser beam, wherein said beam
directing means is mdvable between a first position, in which said laser beam is directed
to a first exposure point, and a second position; in which said laser beam is directed to a
second exposure point;

first disk drive means moving an individual disk within said first plurality of disk
past said first exposure point for exposure of a portion of a surface of said individual
disk:within said first plurality of disks to said texturing laser beam with said beam.
directing means in said first position; '

second disk drive means moving an individual disk within said second plurality of
disks past said second exposure point for exposure of a portion of a surface of said
individual disk within said second plurality of disks to said texturing laser beam with
said beam directing means in said second position; and

process control means adjusting a first parameter controlling a characteristic of said
texturing laser beam striking disks within said first and second pluralities thereof,
wherein said process control means adjusts said first parameter in accordance with a
position of said beam directing means.
2. --An apparatus as claimed in Claim 1, wherein said process control means adjusts
said first parameter to a first level when said beam directing means is. in said first
position and to a second level when said beam directing means is in said second position.
3. An apparatus as claimed in Claim 2, wherein said first parameter is a level of

attenuation of said texturing laser beam; and
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said s f f a fourth I evel when said beamdirecting neans is
I n sai a(lmHm“ﬂﬁﬂﬂ'le 17. An apparatus as clained in Caim16, wherein
said first pananetes is a |level of attenuation of said first texturing
sub- beam wherein said second paraneter 33 a | evel of attenuation of said
second texturing sub-beam wherein said characteristic of said first
texturing sub-beamis a power |evel thereof; and wherein said .
char act eri st i cWhgreasaid shaaterisds of spidgtesuping daser i beam sodupewes Jevel (i esaichf . |
18. An apparatus as gl ai rreﬂsji n C.aim 17, wherein each said | evel of

at t'enuat | JRXPEING d3sGE beam §iF %gﬁdt”ﬁi(t&“g GRWCHr i ving a |iquid crystal

I abl .19, A | ai med in Ol ai I n.sai
oot S g B A, P AR AT
o e R e PR i Sl oot o e TS

| nspecti ong devj i . S| : ' | f
Sai 0 text Oved AbappRaRs L canal i (bl A RRIbake: & a0l iR oL
first plurphilky geherob §viviry Al 0§cl1At0S REGHerMe a0QWwiRh GARRA %hidrngxﬁ;ﬁhg%ser;
signals representative of profiles of said textured spots on said Tirst
side of saind i ndividual disk within said second plurality of disks, and a
fourth inspection device generating fourth signals representative of
profiles of sawhereimdaid elthragtedisticoof saiil tdxtueing teder beateisaf shape of puldes/iheredh.
disk within said second plurality of disks;

6. An apparatus as claimed in Claim 2, wherein said process control means includes a

coinputing system having:

a memory in which said first and second levels of said first parameter are stored;
and

output means driving a circuit controlling said first parameter.

i 7.  An apparatus as claimed in Claim 1, wherein said apparatus additionally includes a
first inspection device generating first signals representative of profiles of said textured
spots on said surface of said individual disk within said first plurality of disks, and a
second inspection device generating second signals representative of profiles of said
textured spots.'Said surface of said individual on said disk within said second plurality of
disks, and

wherein said process control means additionally calculates surface profile data from
said first and second signals, using said profile data calculated from said first signals to
adjust a first level of said first parameter, and using profile data calculated from said
secdﬁd signals to adjust a second level of said first parameter.
8.  An apparatus as claimed in Claim 7, wherein said process control means includes a
computing system having a memory and output means driving a circuit controlling said
first parameter; and

wheréin said first and second levels of said first parameter are stored within said
memory, with said first level thereof, calculated during processing of said individual disk..........
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38 wherein said first paranmeter controls a characteristic of said first

t ex ' m “wherein a second paraneter controls a characteristic
of Hm“rmlﬂ“uj“ ﬁmri ng sub- beam wherein said process control neans
addi *i ohall y *calscutates surface profilesdata fromsaid first, second,
third, and fourth signals, using said profile data cal cul ated from said
first signals to calculate a first |evel of said first paranmeter, using
sai d prof Withinsaig firsh pluraliteef diskmbsingcsubisanerilysysge a5 an injtialayadun of sid first st

| evel of said secqnd paraneter, ' id file data, cal cul ated f
sai'd thi rzraflé'ﬂﬁ%r%ﬂ i csbseAusRl PIOGESRIER ) Bher, fiskofithin said ﬁ%tgﬂlé’ﬁé(ft,g’n and

%ZLS%??L%P Fr nad o i Rt o Bt BBl b Il G E° °
ond | ev¥1 Bt ~$a7d _ _ _
aving a SoRar, e ial ARk ARRA Sl BRANY of heteBeilly SRIRHIRS, SERIE0,

and secongy, Nl RafieS of W' At paRdrett? UBkin@ RHbRAEER rb&ing & amdth st
parameter are store(fg/i thin sai'd nenory, %ﬁlt h sgi d 19%) rst | gvel at he‘%eg%s,k
cal cul at eqyighiri k418 sedoRdgsiGdaliey eredfll d di sk wWithin said first plurality
t hereof , being subsequently used as an initial value of said first
piar arrr,t er 9dur iAag appavatas) ue ndlaipredcims€labp 8, whereid eaid diiisk putaideter aa devel raft
plurality

attenuation of said texturing laser beam; and

wherein said characteristic of said texturing laser beam is a power level of said
texturing laser beam striking a disk being textured. |
10. The apparatus of Claim 9, wherein said level of attenuation is adjusted by varying
a signal driving a liquid crystal variable retarder.
11. An apparatus as claimed in Claim 8, wherein.said first parameter is a duty cycle of
a pulse generator driving an oscillator to operate a Q-switch within said texturing laser;
and

wherein said characteristic of said texturing laser beam is a shape of pulses therein.
12. An apparatus as 'claimed in Claim 7, wherein said first inspection device includes
an interferometer projecting laser sub-beams at first and second test spots on said
individual disk within said first plurality of disks;

wherein said second inspection device includes an interferometer projecting laser
sub-beams at third and fourth test spots' on said individual disk within said second
plurality of disks;

..wherein said individual disk within said first plurality of disks is moved so that
said textured spots thereon are moved through said first test spot while said second test
spot remains on a flat surface of said individual disk within said first plurality of disks;

wherein said individual disk within said first plurality of disks is moved so that

said textured spots thereon are moved through said first test spot while said second test
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th 1th said second | evel of said first paraneter, calcul ated
duﬂlﬂﬁmuﬁﬂ# HI f said disk within said second plurality thereof, being
su sas an initial value of said first paranmeter during
subsequent processing of another disk w3bhin said second plurality thereof;
and 39 wherein said first and second | evels of said second paraneter are
stored within said nenory, with said first |evel thereof, calculated during
pr ocessi n§PYf remaies Qnsk fiaF suifaces af gaid; individyal, disk; withinhgaid secondeplygplity of
subsequently used as an initial value of said second paraneter during
subsequenfS§focessing of another disk within said first_plurality thereof,
and with said i n k t '
processi ng-of “Aracralf, 1 Rlent feaREE0 A Eitelened HehCeA' Siig ik Yo
subsequeniipnHssd s?érsa dnitial value of said second parameter during
-subsequent processtng’ of another disk within said second plurality thereof.
21. An appar aijieréifi saldaserbfld 'sigrﬂsate?}e%gnt YVR6Tght Biffedérite §BeiwterP i@ Rir@ arldS 2
| evel of attenuation of said first {exturing sub-beam wherein said second
par anet er foitiatesespdlts.of attenuati on of said second texturing sub-beam
wherein said characteristic of said first texturing sub-beamis a power
| evel of 43i dAn apyjardtex forr gengrating- toxtaradsspoiskextending alodg Sippositedsides of each

disk within a first plurality of disksand of each disk within a second plurality thereof,
wherein said apparatus comprises: '

a texturing laser genemﬁng a texturing laser beam composed of a series of pulses;

a beamsplitter dividing said texturing laser beam into first and second texturing
sub-beams;

beam directing means for directing said texturing sub-beams, wherein said beam
directing means is movable between a first position, in which said first texturing sub-
beam is directed to a first exposure point and said second texturing sub-béam is directed
to a second exposure point, and a second position, in which said first texturing sub-beam
is directed to a third exposure point and said second texturing sub-beam is directed to a
fourth exposufe point;

first disk drive means moving an individual disk within said first plurality of disks
so that a first side of saici individual disk within said first plurality of disks moves past
said first exposure point while a second side. of said individual disk within said first
plurality of disks, opposite said first side thereof, moves past said second exposure point,
with"textured spots simultaneously being formed on both sides of said individual disk

within said first plurality of disks;
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wherein said characteristic of said second texturing sub-beamis a power

el

”ﬂﬂﬂlﬂ”ﬂﬂ(ﬂ texturing sub-beam striking said disk. 22. An
* | in Claim19, wherein said first paraneter is adjusted
by varyfing a"si§nal driving a first |iquwal crystal variable retarder; and

wherein said second paraneter is adjusted by varying a signal driving a

second liquid crystal variable retarder, .. ,.39 said first paraneter during
subsequent pr o "%@kélfwﬁr’i’é"fal% mQyiing apandiyidual disk withig;sayd speand plurakir sof |

or ocessi ngi B of Y i sk sPlnt SR TR R sB ks i st
Subscquont i TR ERafR dol vl ¥eellio B fuid il AU ool d st

and wher eigieSthefbok] imdvedPakt SRRCIArthe4Ppbsur® pofik ﬁiﬁ%&g%ﬁ&%ﬁmﬁéﬁémi ng

stored within said nenory, wth said ?lrst l evel t cal culate

processi Npefiy forndd GnHothisides bf saiddndividubl dikk fwdthid Yaid @Gétﬁﬁfpluﬂﬁgn 8f disks;
subsequently used as an initial value of said second paraneter during
subsequentangr ocessi ng of another disk within said first plurality thereof,
and with said second | evel of said second paraneter, calcul ated during
processi ng of psegeds ¢pntrolneansnadjastingsa ivst paprmater cangrolling 2 wharabteristic of a
subsequent I%/ used as an initial value of said second paraneter during
subsequentsub-beam striking disks within said first and second pluralities of disks, wherein said

process control means adjusts aid first pérameter in accordance with a position of said -
beam directing means. .-
14.  An apparatus as claimed in Claim 13,_ wherein said first parameter controls a
characteristic of both said first and second sub-beams; and

wherein said process control means adjusts said first parameter to a first level when
said beam directing means is in said first position and to a second level when said beam
directing means is in said second position.
15. An apparatus as claimed in Claim 14, wherein said first parameter is a duty cycle
of a pulse generator driving an oscillator to operate a Q-switch within said texturing
laser; and wherein said cﬁaraeteristic of said texturing laser beam is a shape of pulses
therein.
16. An apparatus as claimed in Claim 13, wherein said first parameter controls a
characteristic of said first'texturing sub-beam;

wherein a second parameter controls a characteristic of said second texturing sub-

bearﬂ;




proce isk within said second plurality thereof. 21. The
appar 1ﬂluﬂuH"|IIHHWEIII|dMere| n said first parameter is a |level of
attenuati 6n bf %aid first texturing sub-beam wherein said second paraneter
is a level of attenuation of said second7texturing sub-beam wherein said
characteristic of said first texturing sub beamis a power |evel of said

first texturing sub-beam striking, said sk and wherein said
characteristi eigSal RLOceRsFop 8{ %‘?té’aéa%%p 2 &) leysl ang; g

second tex r|n ub be n1str|k| sk 22 appar at us. of

wher o n oAl epfud PapERied o (eCon %ygi %ewlegfwbre g BRAR I g s
first quéggé y&kﬁl varlable retarder and wherein said second paraneter
I s adj ust y varying a signal dr|V|ng a second liquid crystal variable

retarder. wherein said process control means adjusts said first parameter to a third level and
said second parameter to a fourth level when said beam directing means is in said second
position. | |
17. An apparatus as claimed in Claim 16, wherei_n said first parameter is a level of
attenuation of said first texturing sub-beam;
wherein said second parameter is a level of attenuation of said second texturing
sub-beam;'

wherein said characteristic of said first texturing sub-beam is a power level thereof;

~ wherein said characteristic of said second texturing sub-beam is a power level
thereof.,
18. An apparatus as claimed in Claim 17, wherein each said level of attenuation is
adjusted by varying a signal driving' a liquid crystal variable retarder.
19. An apparatus as claimed in Claim 13, wherein said apparatus additionally includes
a first inspection device generating first signals representative of profiles of said textured
spots on said first side of said individual disk within said first plurality of disks, a second
inspection device generating second signals representative of profiles of said textured
spots on said second side of said individual disk within said first plurality of disks, a
third inspection device generating third signals representative of profiles.of said textured
spoté on said first side of said individual disk within said second plurality of disks, and a
fourth inspection device generating fourth signals representative of profiles of said
textured spots on said second. side of said individual disk within said second plurality of

disks;
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wherein said first parameter controls a characteristic of said first texturing sub-
beam; i

wherein a second parameter controls a characteristic of said second texturing sub-
beam;

wherein said process control means additionally calculates surface profile data from
said first, second, third, and fourth signals, using said profile data calculated from said
first signals to calculate a first level of said first parameter, using said profile data
calculated from said second signals to calculate a first level of said second parameter,
using said profile data calculated from said thxrd signals to calculate a second level of
said first parameter, and using said profile data calculated from said fourth signals to
calculate a second level of said second parameter.
20. An apparatus as claimed in Claim 19, wherein said process control means includes
a comﬁuting system having a memory and output means driving a circuit controlling said
first and second ﬁararﬁeters;

wherein said first and se_cond levels of said first parameter are stored within said
memory, with said first level thereof, calculated during processing of said disk within
said first plurality thereof, being subsequently used as an initial value of said first
parameter during subsequent processing of another disk within said first plurality
thereof, and with said second level of said first parameter, calculated during processing
of said disk within said second plurality thereof, being subsequently used as an initial
value of said first parameter during subsequent processing of another disk within said

second plurality thereof; and
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wherein said first and second levels of said second parameter are stored within said
memory, with said first level thereof, calculated during processing of said disk within
said first plurality thereof, being subsequently used as an initial value of said second
parameter during subsequent processing of another disk within said first plurality
thereof, and with said second level of said second parameter, calculated during
processing of said disk within said second plurality thereof, being subsequently used as
an initial value of said second parameter during subsequent. processing of another disk
within said second plurality thereof. |
21. An apparatus as claimed in Claim 20, wherein said first parameter is a level of
attenuation of said first textufing sub-beam;

wherein said second parameter is a level of attenuation of said second texturing
sub-beam; .

wherein said characteristic of said first textpring sub-beam is a power level of said
first texturing sub-beam striking said disk; and

wherein said characteristic of said second texturing sub-beam is a power level of
said second texturing sub-beam striking said disk.
22. An apparatus as claimed in Claim 19, wherein said first parameter is adjusted by
varying a signal driving é first liquid crystal variable retarder; and

wherein said second parameter is adjusted by varying a signal driving a second

liquid crystal variable retarder.
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