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OPTICAL APPARATUS FOR DUAL-BEAM LASER TEXTURING
-REE TO A RELATED APPLICATI

A co-pending u.s. application, Serial Number 08/150,525, filed November
10, 1993, entitled "Proce_dure'Employihg a Diode-Pumped Laser for Controllably
Texturing a Disk Surface,” by Peter M. Baunigart, et al., having a common assignee
with the present invention, the disclosure of which is hereby incorporated by
reference, describes a proéess for creating a "distant bump array” surface texture in
a magnetic recording disk for reducing stiction, together with the disk so textured.
The texturing process uses a tightly focused diode-pumped Nd:YLF .or Nd:YVO, or
other solid-state laser that is pulsed with a 0.3-90 nanosecond pulse train to produce
a-plurality of distantly-spaced bumps in the disk surface. The bump creation process
‘Is highly controllable, permitting repeated creation of a preselected bump profile, such
as a smooth dimple or one with a central protrusion useful for low stiction without
close spacing or elevated “roughness.” Some bump profiles permit texturing of the
data-storage region of the disk surface for low stiction without materially affecting

magnetic data storage density.
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A co- pendi ng U.S. application, Serial Number 08/150, 525, filed Novenber 10,
£ 1993, entitled "Procedure Enploying a D ode-Punped Laser for Controllably
Texturlng a Disk Surface," by Peter M Baungart, et al., having a conmon
assignee with the present invention, the disclosure of which is hereby

I ncorporated by reference, describes a process for creating a "distant bunp
array" surface texture in a magnetic regording disk for reducing stiction,
together with the disk so textured. The texturing process uses a.tightly
focused di ode-punped Nd: YLF or Nd: YVJ err] or other solid-state |aser that
is pulsed with a 0.3-90 nanosecond pulse train to produce a plurality of

di stantly-spaced bunps in the disk surface. The bunp creation process is
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Another o'o-pendihg U.S. application, filed on an even day herewith, Docket
Number BC9-96-044, entitled “Controlling Pulses in a Laser Texturing Tool," and
having a common assignee with the present invention, describes a method for
controlliﬁg the laser used with the optical apparatus of the present invention.

Another co-pending U.S. applicétion, filed on an even day herewith, Docket

= Number BC9-96-046, entitled “Method for Controlling Laser Power in a Texturing

Process,* and having a common assignee with the present invention, describes a
program for setting and maintaining the laser power levels in the optical apparatus
of the present invention.

BACKGROUND OF THE INVENTION
Field of the Invention

This invention relates to apparatus for fabricating a disk, such as a magnetic
recording disk used in a computer hardfile, having surfaces textured by exposure to
a pulsed laser, and, more particularly, to t__':ptical apparatus for splitting the output
beam from such a laser into a pair of sub-beams of equal, controlled intensity, which
are individually directed along equal-length paths to opposite sides of the disk being
textured.



Texturing Tool," and having a commobn assignee with the present invention,
ydescribes both electronic hardware and software used to control a |aser
‘texturing station in which the optical apparatus of the present invention

may be used. Anot her co-pending U S. application, filed on an even

day herew th, Docket Nunber BC9-96-044, entitled "Controlling Pulses in a

Laser Texturing Tool," and having a commbn assignee with the present

i nvention, describes a nmethod for controlBing the | aser used with the

optical apparatus of the present invention. Anot her co-pendi ng

U S. application, filed on an even day herewi th, Docket Nunber BC9-96- 046,

entitled "Method for Controlling Laser Power in a Texturing Process," and

havi ng a conmon assignee with the RS8R H&Lnéﬂ}\fgmﬁitﬁ'ﬂ’ descri bes -a program
for setting and mai ntaining the | aser power level's in the optical apparatus

of the present invention. BACKGROUND OF THE
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rotate, the magnetic head slides along the disk surface in this region, until the laminar

air flow at the disk surface, due to its rotation, fully lifts the magnetic head from the

disk surface.

After the magnetic head is lifted in this way, it is moved from the CSS region

to another region of the disk to read and 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
e other frictional effects are minimized, along with the resulting wear of the magnetic
head surface. QOutside the CSS region the remainder of the disk surface preferably

retains a specular smoothness to permit high-density magnetic data recording.
Description of the Prior Art

U.S. Patent No. 5,062,021, to Ranjan et al,, describes a process in which
magnetic recording media are controllably textured, paricularly over areas
désignated for contact with data transducing heads. In conjunction with rigid disk
media, the process includes polishing an aluminumi nickel-phosphorous substrate to
a specular finish, then rotating the disk while directing pulsed laser energy over a
limited portion of the radius, thus forming an annular head contact band while leaving
the remainder of the surface specular. The band is formed of multiple individual laser
spots, each with a center depression surrounded by a substantially circular raised

fim. The depth of the depressions and the height of the rims are controlled primaurily



3 = Background | nformation

: Qurrent hardfile drives use a Contact Start-Stop (CSS) systemallow ng a
magneti c head, used to read and wite data, to contact the surface of a
magnetic disk in a specific CSS region when the disk is stationary. Thus,
before the rotation of a spinning disk has stopped, the nmagnetic head is
noved to the CSS region, where the magnetic head settles on the surface of
the di sk. When the disk again starts to rotate, the nagnetic head slides
along the disk surface in this region, 4ntil the laminar air flow at the
di sk surface, due to its rotation, fully lifts the magnetic head fromthe

di sk surface. After the nmagnetic head is lifted in this way, it is
moved from thg i ite
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In accordance with one aspect of the invention, there is provided a power
“ control optics block for balancing the power in a pair of paralle! polarized laser
beams. The optics block includes an optical path through which.each of the laser
beams is directed, an attenuation mechanism dispo'sed along each of the two optical
paths, and a power detection mechanism disposed along each of the two optical
paths. The two optical paths extend in a parallel, spaced-apart relationship. The
attenuation mechanism controls the output power in the optical path exteoding within
it. The power detection mechanism measures an output power level in the optical
path extending through it.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a plan view of an intemnal portion of a prior-art disk drive unit,
including a rotatable magnetic disk haviog a textured annular region for CSS
operation, and a magnetic head;

FIGS. 2 and 3 are transverse cross-sectional views of individual textured
spots, which form examples of spots which may be made using the apparatus! of the
present invention, with the spot of FIG. 2, being formed particularly according to the
method of U.S. Patent No. 5,108,781, and with the spot of FIG. 3 being formed
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limted portion of the radius, thus form ng an annul ar head contact band
wWhile leaving the renmai nder of the surface specular. The band is forned of
mul tiple individual |aser spots, 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 | aser power
and firing pul se duration. The shape of individual |aser spots can be
altered by varying the |aser beam nf# ination relative to the disk
surface. On a larger scale, the frequency of firing the laser, in
conbination with disk rotational speed controls the pattern® or arrangenent
of laser spots. The snooth, rounded contours of the depressions and
surrounding r |prm;cuwiyca)¢qwdlag tb thé heethod aifil carparttingat 8r ApplicatiohaBedall No.
textured surf%% 0 a primary factor contributing to substantially

I ncreased dura |t%?%of | aser textured nedia.

SUMVARY COF THE | N\/ENKE Nis an isometrid view oba lasey disk tedtutidetopt bailtiti acddr@drideon
to aneliorate 0@% g di sadvant ages of the prior art.
According to Q@Béﬁ?@" {VeRloN esent i nvention there is provided a power

control FIG. 5 is a cross-sectional plan view of the tool of FIG. 4, taken as indicated
by section lines V-V in FIG. 4 to show disk-handling and laser-texturing stations
thereof; : .
FIG. A is a longitudinal cross-sectional view of a beam expander in the tool
of FIG. 4;

FIG. 58 is a partially sectional plan view of a beam splitter and power control
optics block in the tool of FIG. 4;

FIG. 5C is a plan wew of beam directing apparatus adjacent a disk being
textured within the tool of FIG 4;.

f FIG. 6 is a cross-sectional side elevational view of the tool of FIG. 4, taken
as indicated by section lines VI-Vl in FIG. 5§ to show mechanisms used to handle
cassettes holding disks for texturing; )

FIG. 7 is a cross-sectional rear elevational view of the tool of FIG. 4, taken .
as indicated by section lines VI{-VIl in FIG. 5 to show the mechanism used to transfer
disks from cassettes within the disk-handling stations to the laser-texturing station
and to return the disks to the cassettes; and

FIG. 8 is a longitudinal cross-sectional view of an end portion of a spindle,
used to move disks through the texturing process in the tool of FIG. 4.

. FIG. 9 is a cross-sectional plan view of a slider used to move cassettes filled
with textured disks from one conveyer to another in the tool of FIG. 4;

FIG. 10 is a block diagram of electronic apparatus for controlling the power
level within laser beam§ within the tool of FIG. 4; and

FIG. 1lisa ﬂow chart of a program executed in the microcontroller of FIG.
10.



optics block for balancing the power in a pair of parallel polarized |aser
beans, wherein said optics block conprises: an optical path

t hrough which each said | aser beamis directed in a first direction wthin
said optics block, with said optical paths extending in a parallel,

‘spaced-apart rel ationship; attenuati on neans di sposed al ong each
said optical path for controlling an output power |evel of said polarized
| aser beam directed therethrough; ®ower detection nmeans di sposed

al ong each said optical path for detecting an output power |evel of an
out put | aser beamdirected therethrough fromsaid attenuation neans.
According to another aspect of the present invention there is provided
apparatus for directing portionsDETALEROESORMBTIONTUl t aneous|-y at
opposite sides of a first disk being textured by pulses fromsaid | aser
beam wherein said apparatus conpri ses: a first beanmsplitter

dividing said |aser Fieamis aiptari viehfial portloredtia disk ldfes @At RemTRe prior art for a
computing system, including a rotatable magnetic storage disk 10, together with a
magnetic head 12, which is driven in a generally radial direction relative to the disk
10 by means of a drive arm 13. This disk 10 is an example of the type of product
which can be made using the apparatus of the present invention. When the disk
drive unitis in operation, disk 10 is rotated about its central hole 14, forming a faminar
flow of air holding magnetic head 12 slightly away from the adjacent disk surface 16.
Before this rotation is stopped, magnetic head 12 is driven to be adjacent to a
textured annular region 18 of the surface of disk 10. As this disk rotation slows and
stops, the frictional and stiction effects occurring between the surface of annular
region 18 and the adjacent contacting surface of magnetic head 12 aré minimized by
the textured nature of the surface of this region 18. Subsequently, when the rotation
of disk 10 is restarted, these effects are again.minimized, as the rate of rotation of
disk 10 increases until the laminar flow of air near its surface lifts the adjacent surface
of magnetic head 12 completely away from the disk surface. Thus, as the rotation
of disk 10 is stopped and subsequently restarted, the wear of the surface of magnetic
head 12 is minimized. Disk 10 is preferably a double-sided magnetic storage disk,
with a second side, opposite the side shown in FIG. 1, having similar features.

FIGS. 2 and 3 are transverse cross-sectional views of individual textured
spots, which form examples of spots which may be made using the apparatus and
method of the present invention. .

FIG. 2 shows a portion of a disk surface roughened by the prior-art mathod
taught by Ranjan, et al., in U. S. Patent No. §,062,021. With this method, a portion
of the disk surface to be roughened is exposed to a pulse of laser light. The surface
is heated rapidly, so that a part of the surface material is melted and then rapidly
cooled, changing the surface topography to include a generally round central

depression 24 below the nominal surface plane 26 and a generally round peripheral



4a * first beamdirecting neans for directing said transmtted beam
«along a first optical path and for directing said reflected beam al ong a

second optical path; attenuati on neans di sposed al ong each said

. optical path for controlling an output power |evel of an output beam
directed therefrom power detection neans di sposed al ong each said
optical path for neasuring said output power |evel, and second

beam directing nmeans for directing a first output beam along said first

optical path to a first side of said first disk and for directing a second
out put beam al ong said second optical path to a second side of said first
di sk, opposite said first sidé thereof. Accor di ng to still another
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beam This process is repeated until texturing fills the annular region to be textured. The
nature of each individual textured spot is detemined primarily by the peak energy at
which the laser is fired. together with the pulse width. The distance between textured
spots on the ring is determined by the relationship between the rate at which the laser
is fired and the rotational speed at which the disk is tumed.

FIG. 3 is a transverse cross-sectional profile of a laser textured spot
produced using the method of the previously-described co-pending U.S. Patent
Application, Serial Number 08/150,525. The heights of surface features, cor_npared
to their widths, are exaggerated. A central protrusion 30 rises above the dépth of the
ring depression 32, preferably to a height somewhat greater than the height of the
surrounding peripheral ring 34. The heights of the protrusion 30 and ring 34 above
the nominally level surface 35 before texturing are determined by various laserand
disk-material parameters, such as laser fluence, pulse width, spot size, and disk
surface composition. '

FIG. 4 is an isometric view of a laser-texturing tool 37, built in accordance
with the present invention, which is used to apply laser-texturing to disks in a non-
stop production mode as long as cassettes filled with. disks are loaded and unloaded
at a sufficient rate. These cassettes move through a right disk-handling station 38
and a left disk-handling station 39, with individual disks from these stations 38 and
39 being alternately textured by a single laser assembly in a laser-texturing station
40. A modular configuration allows the tool 37 to continue running, at a reduced rate
of production, even if one of the disk-handling stations 3@. 39 cannot be used.

The laser-texturing tool 37 is a self-contained system, with necessary
electrical, electronic, and pneumatic components located in a base section 41 and

in a pair of instrumentation cabinets 42. Various controls and output devices are



a first steering mrror having a 67.5-degree angle of incidence with said
stransmtted beam reflecting said transmtted beamto extend along a first
optical path in a first direction; a second steering
mrror having a 67.5-degree angle of ‘i'ncidence with said reflected beam
reflecting said reflected beamto extend al ong a second optical path,
parallel to said first optical path, in said first direction; and
4b out put beam.directing neans for directing said transmtted beam
along said first optical path to a firgt side of said first disk and for
directing said reflected beam al ong said second optical path to a second
side of said first disk, opposite said first side thereof.
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ragnetic housed in a light-tight cabinet within the tool 37, with a safety switch operated by the
opening of each access door 44 tuming off the laser. Furthermore, these doors 44
can be opened only when the tool is in a maintenance mode. The tool 37 is switched
between automatic and maintenance modes by turning a mode switch (not shown)
-on control panel 43. Two television cameras (not shown), mounted within the laser-
texturing station, allow the process to be viewed on a pair of monitors 45.

The upward-opening doors 46 of disk-handling stations 38 and 39, providing.
access for loading and unloading cassettes holding disks, are not interlocked, and
may be opened or closed at any time, even during the operation of the texturing
process. Within the tool 37, rays from the laser are blocked from the areas in which
these cassettes are loaded and unloaded.

FIG. § is a horizontal cross-sectional view of laser-texturing tool 37, taken
as indicated by section lines V-V in FIG. 4, to reveal particularly disk-handling stations
38, 39 and the laser-texturing station 40. Left disk-handling station 39 is a mirror
image of right disk-handling station 38. Each disk-handling station 38, 39 has an
input conveyor 47 canying cassettes 48 loaded with disks 49 to be textured,
rearward, in the direction of arrow 50. Each cassette 48 has a number of pockets 51
in which disks 49 are loaded in a vertical orientation, and a lower opening 52 allowing
the removal of individual disks by lifting from below. While FIG. § shows cassettes
having only five disks, for clarity, in reality a cassette for this system typically holds
25 disks. '

_ FIG. 6 is a cross-sectional side elevational view of the tool of FIG. 4, taken
as indicated by cross-section lines VI-Vl in FIG. 5, to show the conveyor systems
mq.ving cassettes filled with disks into and through the process. The tool operator
loads a cassette 48 filled with disks 49 to be textured by opening the access door 46,
which pivots upward along its rear hinge 53. The cassette 48 is normally loaded onto

a raised platform 54, which, in this position holds the cassette 48 upward, in the



head; FIGS. 2 and 3 are transverse cross-sectional views of
nindi vidual textured spots, which form exanples of spots which nmay be nade
usi ng the apparatus of the present invention, with the spot of FIG 2,
being fornmed particularly according to the nethod of U S. Patent No.
5,108,781, and with the spot of FIG 3 being forned -

5 particularly according to the nmethod of co-pending U S. Application,
Serial No. 08/150, 525. FIG 4 is an isonetric view of a l|aser disk
texturing tool built in accordance with tge present invention;.

FIG 5 is a cross-sectional plan view of the tool of FIG 4, taken as

I ndi cated by section lines V-Vin FIG 4 to show di sk-handling and

l'aser - texturi riresliéd oPBFrol S8, &fay from input dohleyopAr7 auéwhg NRist HvBRdr 47
cross-sectional view of a beam expander in the tool of FIG - 4: c’FI G
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simultaneously moving the most-recently loaded cassette 48. FIG. 6 also shows a

cassette indexing conveyor 57, which moves a cassette 58 in incremental motions
above a disk lifter 59, so that the disk lifter 59 can remove individual disks 49 from
the cassette 58 for placement into the laser-texturing process, and so that the disk
lifter 59 can subsequently retum textured disks to the cassette 58. FIG. 6 also shows
a transfer table conveyor 60, which is used in the movement of cassettes filled with
textured disks from indexing conveyor 57 to an output conveyor 61 (shown in FIG.
s). '

FIG. 7 is a cross-sectional rear elevational view of the tool of FIG. 4, taken
as indicated by section Iin?s ViI-VIl in FIG. 5 to show the mechanism used to transfer
disks from a cassette 58 within the disk-handiing station 38 into the laser texturing
process and to retum textured disks to the cassettes. FIG. 7 also provides a

E transverse cross-sectional views of cassette indexing conveyor 57 and of output
conveyor 61.

The movement of a cassette to the point at which individual disks are
removed from the cassette to be carried into the texturing process will now be
discussed, with particular reference being made to FIGS. 6 and 7.

Thus, referring to FIGS. 5, 6, and 7, each conveyor 47, 57, 60, 61 includes
a belt 61a extending under each side of a cassette 48, 56, 58 loaded thereon. Each
belt 61a extends between a pair of end rollers 62 and above a number of idler rollers
63. Atone end of each conveyor 47, 57, 60, 61 the end rollers 62 are driven in either
direction by a motor 64. This system for cassette transport also includes a pair of
lateral guides 65, ensuring that each cassette stays in place atop the conveyors, and
cassette detectors 66, 66a, 67, 68, 69, which determine when a cassette reaches an
adjacent point along a conveyor system. Each cassette detector 66, 66a, 67, 68, 69
includes a light source 69a which is reflected off an adjacent surface of a cassette

when such a surface is present, to be detected by a receiver 69b, which in tum



optics block in the tool of FIG 4; FIG 5Cis a plan view of beam
=.di recting apparatus adjacent a di sk being textured within the tool of FIG
4; FIG 6 is a cross-sectional side elevational view of the tool of
FIG 4, taken as indicated by section lines VI-VI in FIG 5 td show
mechani sms used to handl e cassettes hol ding disks for texturing;

FIG 7 is a cross-sectional rear elevational view of the tool of FIG 4,
taken as indicated by section lines VII-VII in FIG 5 to show the nmechani sm
used to transfer disks fromcassettes wfhin the disk-handling stations to
the | aser-texturing station and to return the disks to the cassettes; and
FIG 8 is a longitudinal cross-sectional view of an end portion of a
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the tool of Fi ra‘ﬁon descn ddfereilQ 1s a block diagramof electronic
apparatus for ctont ro e power |level within | aser beans within the
tool of FIG 4; andWhen cassett§|48 islglad¢ed on fdpoof raised tplatform %%, digrpresencedsit ed
I n the m croc

6 ngecﬁy W fi l%i tr#f)bgcagsmtﬁﬁg ?%Sa%cﬁhwput conveyor 47 and the

system logic controlling its movement are configured to allow the queuing of
cassettes, the subsequent movement of the cassette 48 is determined by whether
other cassettes are already present on input conveyor 47 and indexing conveyor 57.
If no cassette is already presént on these conveyors 47, 57 (i.e., if cassettes 56, 58,
and 69c¢ are not present), platformn 54 is lowered, so that the cassette 48 rests on top
of input conveyor 47, and the conveyors 47, 57 are tumed on to move cassette 48
rearward, in the direction of arrow 50. When indexing cassette detector 68 detects
the presence of a cassette baing moved in this way, input conveyor 47 and indexing
conveyor 57 are stopped, leaving the caséette positioned so that the first of its
pockets 51 in which diskettes 49 may be placed (i:e. the end pocket farthestin the
direction indicated by arrow 50) is directly over disk lifter 59.

On the other hand, if a cassette 58 is present on indexing conveyor 57, and
if no other cassette 56, 69¢ is present on input conveyor 47, when cassette 48 is
placed on raised platform 54, this platform 54 is lowered, and conveyor 47 is tumed
on to move cassette 48 in the direction of arrow 50. This movement is stopped when
the presence of the cassette 48 is detected by second input cassette detector 66a,
leaving the cassette queued on the input conveyor 47, in the position in which
cassette 69¢ is shown.

If a cassette 58 is present on indexing conveyor 57, and if a single cassette
69¢ is present on input conveyor 47, when cassette 48 is placed on raised platform
54, this platform 54 remains raised while input conveyor 47 is tumed on to move
cassette 69¢ opposite the direction o?f arrow 50 until this cassette 89c¢ is sensed by
third cassette sensor 67. Then, platform 54 is lowered, and input conveyor 47 is

turned on to move both cassettes 48, 6S¢ in the direction of arrow 5Q. This



FIG 1 is a plan view of a portion of a disk drive unit fromthe prior art
..for a conmputing system including a rotatable nagnetic storage di sk 10,
together with a magnetic head 12, which is driven in a generally radi al
direction relative to the disk 10 by neans of a drive arm 13. This disk 10
I's an exanple of the type of product which can be made using the apparatus
of the present invention. Wen the disk drive unit is in operation, disk 10
is rotated about its central hole 14, formng a lamnar flow of air holding
magnetic head 12 slightly away fromthe gdjacent disk surface 16. Before
.this rotation is stopped, magnetic head 12 is driven to be adjacent to a
téxtured annul ar region 18 of the surface of disk 10. As this disk rotation
slows and stops, the frictional and stiction effects occurr|$%%betmeen t he

surface of annUP¥EMeH i BAPRRH When easselinBae isifetected by 585094 Sasselie Sepsor 66a,
magnetic head léavxﬁgbsomd&b%ﬁ%@%%fﬁzéﬁ&foﬂﬁﬁﬁiﬂ%h% r@f. the surface of

this region 18 sequentﬁi/ e rotation of sk 10 is restarted,
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the rotation cﬁoaﬁmkdlmﬂvsnsue;mmamsssmlﬁemquguedegm inputebnveyrs dvcand of
.the surface ofg E\?é”dj d. Disk 10 is preferably a
doubl e- si ded madggg c ?or ag%&gmgid a’li)fltc’ﬁ}éasecond si de, opposite the side
shown in FIG 1, ha\Whg\mertemmngpmcesebasbeencompl&ﬂed&ndoﬁﬂtbﬂslﬁ«&tobe
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present i nventtransfer table convEydEGQamhuvmdaorptormowﬂmf cassdites 88 searvaod; in the
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central depr edsputitassetizedetctbhe7 winerheassetie 58S trahsiofed fromiddeximpoatvayby
_r ound per _I pheréazl in this way, this quéued cassette 56 is moved by conveyors 47, 57 to the point at
; which its presence is detected by indexing cassette detector 68. If a second queued
cassette 48 is present on raised platform 54 when a first queued cassette 56 is
moved from input conveyor 47 to indexing conveyor 57, platform 54 is lowered, and
the first queued cassette 48 is driven by input conveyor 47 until the presence of the

cassette 48 is detected by second'input cassette detector 67.

The movement of an individual disk from a cassette into the texturing
process will now be discussed, with particular reference being made to FIGS. 5 and
7.

Thus, referring to FIGS. § and 7, to allow the movement of individual disks
49 through the laser-texturing process, indexing conveyor 57 moves cassette 58 in
a number of rearward and forward motions, in and opposite the direction of arrow 50,
sequentially aligning the individual disk pockets 51 of the cassette 58 with a disk lifter
59. Disk lifter 59 includes a proximity sensing mechanism 70a, for determining
whether a disk 49 is present in each pocket 51. This sensing mechanism 70a

consists of an intemnal light source aimed at an adjacent edge 70b of a disk present



7  ridge 28 above this plane 26. The process described by Ranjan, et al.
produces a ri-ng of textured spots of this kind by repeatedly firing a | aser
as the disk being textured is rotated. The laser is then displaced radially
t hrough a pitch distance, and a second ring of textured spots, concentric
with the first ring thereof, is produced. This process is repeated until
texturing fills the annular region to be textured. The nature of each

i ndi vidual textured spot is determined primarily by the peak energy at
which the laser is fired together with tthe pul se width. The distance

bet ween textured spots on the ring is determned by the relationship
"between the rate at which the laser is fired and the rotational speed at
whi ch the dISKnIS t

- i |
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FIG
4 is an i sonet’Rawasd BWVSF‘e&t ol.oassette.§8 isstoppadoand the d'ﬁ'&l‘ﬁﬁ" 59rf“ﬂ\ﬁ§ﬂ%€e
wi'th the presqfthd divibh enarra%sfﬁr@mg&ﬂé disk 49RHich fs%ﬁ ed Peliinet 59 uEﬂafH sks

“in a non- stop producti on node as as cassettes led with disks are
-l oaded and unifetifnsferton pigk-endiplane mechanispdde cassettes nove through a
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i ndi vi dual disks fromt stations t ext ur ed
by a single | &ive shag aaﬂnyaﬁwpaposae the digction phgrrgwam mnwﬂedegxeemmraents

confi gurati on gl R&ich§ eft@tbd By tHInGAMdnt SpEBioh BlamPlirive [P 78 Al 8ich
end of am 72, a pair of grippers, 77, 78 is movable between an open position, in
which grippers 77 are shown, and a closed position, in which grippers 78 are shown,
by means of a pneumatic actuator 79. When a pair of grippers 77, 78 is in the closed
position, a disk placed between the grippers is held by four points around its
periphery. When the pair of grippers is opened, a disk held in this way is released.
The pick and place mechanism 71 is also moved rearward, in the direction of arrow
50, into a pasition in which disks are picked up and released, and forward, in the
direction opposite arrow 50, into a position in which arm 72 is rotated.

The upward movement of disk lifter 59 carries a disk 49, which is to be
textured next, upward into the location indicated by phantom line 82. This motion,
which brings the disk 49 into vertical alignment with the open grippers 77 of arm 72,
occurs with pick and place mechanism 71 in its forward position (i.e., moved opposite
the direction of arrow 50), allowing the upward passage of disk 49 past grippers 77.
At this point, the disk rests within a groove 84 of the lifter 59. Next, picll.k and place
mechanism 71 moves in the direction of arrow 50 to its rearward position.' aligning the
open grippers 77 with the edge of disk 49. Then, grippers 77 are closed, grasping
the disk 49. Disk lifter 59 next descends to disengage from the periphery of disk 49.



of production, even if one of the disk-handling stations 38, 39 cannot be
“used. The laser-texturing tool 37 is a self-contained system wth
~necessary electrical, electronic, and pneumatic conponents |ocated in a
base section 41 and in a pair of instrunentation cabinets 42. Various
controls and output devices are a

8 pl aced on a slanted control panel 43. Since the infrared |aser used jn
the texturing process produces invisible, potentially-harnful rays, a

| aser-texturing station 40 is housed in a3light-tight cabinet within the
tool 37, with a safety switch operated by the opening of each access door
44 turning off the laser. Furthernore, these doors 44 can be opened only

when the tool NS R; [ . t | S i S\Me: het ]
Atonat i and harPick R PRGNSR T, MOGes Gfloctd e aRibh BF 4B 2438 b
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i sks, are not..i e n 0 ed.or closeq, at, i e, even
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fromthe | asersgindlel@ocked fromthe areas in which these cassettes are
| oaded and unl oaded.
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91 and a piston 92, and a front end cap 93 move axially with internal shaft 90, while

a front bushing 94 is held in place within the outer cylinder 89. A number of curved
clamping blocks 95 extend around a truncoconical surface 96 of front bushing 93, :
being held inward, against this surface 96, by an elastomeric "O"-rihg 97.

The intemal shaft 90 is held in the rearward position shown (i.e. in the
direction of arrow 50) by means of a compression spring 98 pressing an adjacent
surface of the sliding bushing 81. With intemal shaft 90 held rearward in this way,
inner face 98 of end cap 94 pushes clamping blocks 95 rearward and outward, along
truncoconical surface 96. This motion of the clamping blocks 95 grasps inner surface
99 of the disk 49, holding the disk in place against a front face 100 of outer cylinder
89. The disk 49 is released by applying a force to piston 92 in a forward direction,
opposite the direction of arrow 90, to overcome the force exerted by compression
spring 98, so that the internal shaft 90 is moved forward, opposite. the direction of
arrow 90. This force may be applied by a number of well known methods, such as
through a pneumatically operated push-rod operating on piston 92. The resulting
movement of end cap 94 allows the clamping blocks 95 forward and inward,
releasing disk 49 !.from the spindle 86.

Referring to FIGS. 5, 7, and 8, pick-and-place mechanism 71 next moves to
the rear, in the direction of arrow 50, placing the disk 49 to be textured, which is now
at the position indicated by phantom line 83 in FIG. 7, on end cap 90 of spindle 86,



i mge of right disk-handling station 38. Each disk-handling station 38, 39
thas an i nput conveyor 47 carrying cassettes 48 | oaded with disks 49 to be
textured, rearward, in the direction of arrow 50. Each cassette 48 has a
nunber of pockets 51 in which disks 49 are | oaded in a-vertical
orientation, and a | ower opening 52 allow ng the renoval of individual :
disks by lifting frombelow Wile FIG 5 shows cassettes having only five
disks, for clarity, inreality a cassette for this systemtypically holds
25 di sks. ' FIG 6 is a cross-sectljlonal si de el evational view of the
tool of FIG 4, taken as indicated by cross-section lines VI-VI in FIG 5,
to show t he conveyor systens noving cassettes filled with disks into and

th h th T. I £l s it h
i sk 49 to belfliinereifast 89 ndfHh Hornidd dsRefioss Tt eidopla w5 Bee
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wi t hout si ane ) Vi e -recen aded casse .48,
6 al so shows g?%%fs@éﬂ@ %rﬂgﬁ?%"cﬁﬁ%ﬁ@%h g’? P'&#’Pﬁﬂ'l’fﬁﬁ‘?é?eﬁhme?ﬁt HoNBS | 1y
i ncrement al  nmoforwdrd, GapYéRe theldifdetion of &fowrS0, 2 tHd Epindid arivéd Rbtol 1O1 6f sgkitiie an
“renove individual disks 49 fromthe ¢ qsqsettg 58 for placenent into the

" | aser-texturi riPSF beging toptate spingle86dp bring thedisk 49yiptea @%@Bﬂd@ﬂlcw
return textur et whis 8xpdsurd o BR8P BUkEs il ocbl> THE Shifdle 3bsaWbIg 887 4166 bédins
“tabl e conveyor 60, which is used in the novenent of cassette$S filled with
: to move inward, in the direction of arrow 102, being driven by a spindie transiation
motor 104, carrying the disk 49 into the texturing process.

The laser-texturing station 40 will now be discussed, with specific references
being made to FIG. 5. _ '

Thus, referring to FIG. 5, within the laser-texturing station 40; a beam from
an infrared pulsed laser 108 is used to produce the desired surface texturing on the
disk 49. As described in the co-pending application ‘referenced above, the laser 108
may be, for example, a Nd:YLF solid state laser, providing an output at a wavelength
of 1.047 microns, or Nd:YVQ, solid state laser, operated with a diode pumping signal,
driven from a laser diode 110 through a fiber-optic cable 112, and pulsed by a Q-
switch control 113. A beam from the laser 108 is directed through an electronic
process shutter 114 and a mechanical safety shutter 116. When the laser-texturing
station 40 is operating, a train of laser pulses is emitted from the laser 108, with the
actual texturing process being started and stopped by opening and closing the
élect‘ronic process shutter 114.

The process shutter 114 is actually a méchanical shutter which is opened
and held open by the operation of an electromagnet (not shown). The termination
of the flow of current through the electromagnet causes the process shutter to close.
The operation of process shutter 114, and hence of the process of texturing an

individual disk, is electronically controlled in response to the position of the disk to be



textured disks fromindexing conveyor 57 to an output conveyor 61 (shown in
FIG 5). FIG 7 is a cross-sectional rear elevational view of the
tool of FIG 4, taken as indicated by section lines VII-VIl in FIG 5 to
show t he mechani smused to transfer disks froma cassette 58 within the

di sk- handl-ing station 38 into the |aser texturing process and to return
textured disks to the cassettes. FIG 7 also provides a transverse
cross-sectional views of cassette indexing conveyor 57 and of out put

conveyor 61. The novenent of a thassette to the point at which
I ndi vi dual disks are renoved f.romthe cassette to be carried into the
texturing process wll now be discussed, with particul ar reference being

made to FI GS. ®&xturdd,7as determined Thvosgh ttef ese oihg signaFg@Rrated i6 respothse to eiesh
conveyor 47, 57, 60 61 |nclude bel.t .61a extendi ng under each side of a
cassette 48, 5%‘,0‘/%@*3%%%{9& ef‘?f@?%oﬁ‘.e ?é%q*e B%?%@!ggext ends between a pair of
end rollers 62 and aDiwsafetynstiditr 106 reslaiis dpenl durihgife eftireotestuding pedeesach

47, 57. 60, 61 the end | 62 dri in _either directi
by a ot or 64, WHATSAR SERTAAGEN. HEh aS e ol ARl or asselt: RERRte B RO
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conveyors, and cassette detectors 66, 66a, 67, 68, 69, which determne when

. a cassette reasqinargpingingihe Reerioxiuing faghd?- 1l lasen 108, eloctronic pragess shulter: ¢ o
detector 66, 6fp4, ahdsaftly ?Iﬁﬁtei' %6 !tfbéﬁ'neméﬂrgﬁ'ligmlghﬁ BsSEhiblyTorh which’ éVenact ed

of f an adjacent surface of a cassette when such a surface is r_esé?ont, to be
detected by a Ptien pEthedager beameanngt esgape when either shutter 114, 116 is closed.

10 After passing through the shutters 114, 116, the laser beam enters a
. polarizing beamsplitter 118, which is oriented so that the portion of _tﬁe laser beam,
if any, having an unwanted p-polarization is directed downwards towatd an underiying
plate 120, leaving the portion of the laser beam having a vertical §-polarization to
propagate through the remaining optical path. Next, the laser beam passes through
a 3X beam expander/collimator 122, which permits the adjustment of the infrared
laser spot size at a lens entrance.

FIG. SA is a longitudinal cross-sectional view: of the beam expander/
collimator 122. The input beam 122a passes through a diverging lens 122b, which
causes the divergence, or expansion, of the beam, and through a converging lens
122¢, which reduces the divergence of the beam leaving as output beam 122d. The
distance between the beam expander lenses 122b, 122¢ is manually adjustable
through the rotation of a threaded mechanical connection between the lens mounts.
In the example of the laser-texturing tool 37, this adjustment is made to provide a
slightly diverging output beam 122d. ' :

Referring again to FIG. 5, from expander collimator 122, the laser beamis
directed by a pair of dielectric-coated steering mirrors 124 to a dichroic beamsplitter
126. A visible laser beam, for example from a 2-le|aser diode 128, is also directed
toward the beamsplitter 126, pemitting alignment of the optical system by tracing the
red laser dot. The infrared beam from laser 108 is made to be coincident with the red

beam from laser diode 128 by manipulating the two steering mirrors 124. About three



provi des an input to a conputing system 70 controlling the operation of the
snmotors 64 and ot her notors, sol enoids, and valves within the

| aser-texturing tool 37 to effect operation as described herein.

When cassette 48 is placed on top of raised platform54, its presence is

detected by first input cassette detector 66. Since the input conveyor 47

and the systemlogic controlling its novenent are configured to allow the

gueui ng of cassettes, the subsequent novenent of the cassette 48 is

determ ned by whether other cassettes gée al ready present on input conveyor

47 and i ndexi ng conveyor 57. If no cassétte is already present on these

conveyors 47, 57 (i.e., if cassettes 56, 58, and 69c are not present),
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- together with steering mirrors 134 and the power control optics block 136. The two
laser beams 135 forming 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
elements of this block 136 are symmetrically deployed. Symmetrical beams 135
result from-the fact that the input beam 131 to the beamépliﬁer cube 132 is directed
at a 45-degree angle with respect to the optics block axis 136a, with the reflective
surface 132a within the beamsplitter cube being aligned 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.

Referring to FIG. 58, adjustments for bringing the separate laser beams 135
into a parallel condition, énd for otherwise aligning them, are provided by several
manually tumed knobs. Beamsplitter cube 132 is mounted on a rotary stage 132b,
with a pair of knobs 132c tilting the cube 132 about orthogonal axes, and with a knob
132d providing for the rotation of the cube 132. For example, a rotary stage suitable

for this application is supplied by the Newport Corporation of [rvine, Califomia, under



novement is st opped when cassette 69c i S detected by second cassette sensor
w66a, |eaving both cassettes 48, 69c queued on input conveyor 47.

Finally, if all three cassettes 56, 69c, and 58 are present on conveyors
47, 57 when cassette 48 is placed on rai-sed platform 54, the novenent of
cassettes does not directly ensue, |eaving cassettes 56, 69c queued on

| nput conveyor 47 and cassette 48 queued on raised platform 54.

When the texturing process has been conpleted on all of the disks 49 to be
textured within the cassette 58 on indexing conveyor 57, this conveyor 57
and transfer table conveyor 60 are turddd on to nove the cassette 58,
rearward, in the direction of arrow 50, conpletely onto the transfer table
conveyor 60. This notion is stggped when the presence of cassette 58 is

detected by tM&ishat npappe PR3l FachiBipaERGMIEY. 1536rs mRUNe] BY 88 adjusiatldeent
on input convay@ér .ﬂaunm4@§mrcgli?addéya?aﬁfandnwsmbq?s%ggbi&ﬁ t@ﬁheﬂé?étﬁ?h

when cassette 58 is transferred from i ndexi ng conveyor this way, this
queued casset W5 134 abeyt muyalyoprePgpdisular axes NroReGsithsuisableHfoe ithist s
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: arriving from the laser into a pair of beams 135 having power levels within five
percent of one another. While the beamsplitter cube 132 is a non-polarizing device,
the laser beams 135 entering the power control optics block 136 are nominally, or
predominately, s-polarized, ;ha\:/ing passed through polarizing beamsplitter 118
(shown in FIG. 5). i

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 surfa_ce' of each window 136d has a transparent
conductive indium tin oxide coating. The cavity 136¢ is filled with birefringent nematic
fliquid crystal material with molécules that tip according to a voltage applied between
the transparent conductive coatings of the windows 136¢. The angle of polarization
of the.laser beam 135 entering each retarder 136b is changed accérding to the
voltage applied across the cavity 136¢ by means of the coatings on windows 136d.
Thus, the s-polarization of each beam 135 entering a retarder 136b is altered, in a
continuously varable manner, toward a p-polarization of the beam 136e leaving the
retarder 136b. A suitable liquid crystal variable retarder may be obtained, for
example, from Meadowlark Optics, of Longmont, 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-



ThuS, referring to FIGS. 5 and 7, to allow the novenent of individual disks
+49 through the | aser-texturing process, indexing conveyor 57 noves cassette
58 in a nunber of rearward and forward notions, in and opposite the
direction of arrow 50, sequentially aligning the individual disk pockets 51
of the cassette 58 with a disk lifter 59. Disk lifter 59 includes a

proxi mty sensing nmechanism 70a, for determ ning whether a disk 49 is
present in each pocket 51. This sensing nechani sm 70a consi sts of an
internal |ight source ained at an adjacent edge 70b of a di sk present

12 I n a pocket 51 and an.internal senSor detecting light reflected from
~such an edge 70b. The output of sensing mechani sm 70a provides an

addi tional input to conputing system 70. Thus, cassette 58 is noved to the
- rear, in the Baleseed 8kHafsquareovaBOhaviyg amdmlth@edmmycadwmblenm détemmine
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136k, which converts the p-polarized energy incident upon it into a circulady-polarized
beam 136m exiting the power control optics block 136.

Referring to FIGS. 5§ and 58, independent means to measture and control the
power levels of the single beam 135 derived from the output of laser 108 and of each
of the beams 136m exiting the power control optics block 136 are provided. The
power level of the single beam 131, which is measured by monitoring the output of
power detector 130, is controlled, or attenuated, by vari(ing an input signal to laser
108. The combination of a retér_der 136b with a polarizing beamsplitter 136f provides
a convenient way to control the power level of each beam 136m exiting the block

136, while the combination of a non-polarizing beamsplitter 136i with a power
detector 136j provides a convenieh‘t means for measuring this power level. The
output signals from power detectors 130, 136j are individually calibrated using
measurements of beams 136m at the exit of the power control optics block, 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 number of factors, such as differences
in the percentage of incident power reflected within the beamsplitters 126, 136i
aiming beams at these power detectors. The outputs of power detectors 130, 136j
are preferably displayed externally on the laser texturing tool 37 (shown in FIG. 4).

A method for manuall;j setting-up or readjusting the various faser power
levels includes the steps of monitoring the outputs of power detector 130 and making

corresponding adjustments to a signal driving the laser 108. The two beams 136m



whi’ch grippers 77 are shown, and a closed position, in which grippers 78
care shown, by means of a pneumatic actuator 79. Wien a pair of grippers 77,
78 is in the closed position, a disk placed between the grippers is held by
four points around its periphery. Wien the pair of grippers is opened, a
disk hel.d in this way is rel eased. The pick and place nechanism 71 is al so
noved rearward, in the direction of arrow 50, into a position in which
di sks are picked up and rel eased, and forward, in the direction opposite
arrow 50, into a position in which ar 2 is rotat ed. The upwar d
nmovenent of disk lifter 59 carries a disk 49, which is to be textured next,
upward into the |ocation indicated by phantomline 82 This noti on, which

b the d t s 77
72 Moccurs w Che Sridbd PEbbidngnE AR oh Soln e RS ORRG Su pth,
nmoved opposit éettafc@r%liiiﬁitsetmntr@ﬁsrm maxingen ,levalsmﬁwmgprtza@pmadd by estugingof
di sk 49 t 84
of “the | [1t or He/8uRick p-pbtarzha Ol er fhdhined BF k! Stordd 2hedionting S off e o,
of arrow 50 t powes |emhrreai by parei of the pawegdetegtors d36jp entilthesp tws dé?eowﬂsh
the ed f d di
i sk 111 ter sl e sath pa B o cellbrioh tfte oo nddred; Agt
- 13 Next, pi okppoliripédpoweris Ideareasedm eitheeot thpbeamisgthelevel of p@mmeeént
. arrow 50 to its forvvard |t|o and ége arm 72 r tates, 180 dggre s.lg t he
direction of AHPEFOHESP dﬁ’:q kgam § '?F‘%c'ﬁﬁi? asthe ingrease 'ﬂﬂ?ﬁ B9t om
line 83, in apbwériakéj@ﬂ@ﬂl’ﬁwalmt?tﬁeﬁﬁfaﬁﬁh@b@&n%ﬁmﬁaﬁ%ﬂdh%ét%?nihb)btﬁﬁjt

Then, pick- an?e‘}élsagfethgetﬁg%m sm

higher level.

eams are b anced by attenuating the beam initially havmg the

In the example of FIG. S, the parallel laser beams 136m from power control
optics block 136 are reflected off a right éhuttl_ing mirror 138, being directed toward
a disk carried through the texturing process from the right disk-handling station 38.

FIG. 5C is a plan view of the optical devices associated with the right disk-
handling station 38. For example, each of these beams 136m passes through a
focussing achromatic triplet lens 140, having a focal length of 25 mm, and is reflected
toward the surface of the disk 49 being textured by a right-angle prism 142.

Referring to FIG. SC, each lens 140 is mounted in a finely adjustable
manner, permitting the adjustments needéd to center the beam and to achieve

" optimum focus on each side of the disk 49. A first stage 140a, moved by a first
micrometer-type screw mechanism 140b allows a lens focussing adjustment in the
directions of arrow 140c. A second stage 140d, moved by a second screw
mechanism 140e, allows lateral movement of the lens 140, in the directions indicated
by arrow 140f. A third stage 140g, in which the lens 140 is mounted, allow vertical
movement through the rotation of a third mechanism 140h.

Each prism 142 is slightly tilted, so that a laser beam refiected off the surface
of the disk being textured is not transmitted back through the optical path, being
instead generally reflected outward as a reflected beam 142a. Each prism 142 is

mounted on a pivot arm 142b, pivotally mounted by a pin 142¢ to a stage 142d, which



in fhe direction of arrow 50 to its rearward position, placing the disk 49
zon the end of spindle 86. FIG 8 is a longitudinal cross-sectional
view of the end of spindle 86, which includes a rotationally-driven outer
cylinder 89, in which an internal shaft 90 slides axially, in and opposite
the direction of rearward-pointing arrow 50. A sliding bushing 91 and a
piston 92, and a front end cap 93 nove axially with internal shaft 90,
while a front bushing 94 is held in place within the outer cylinder 89. A
nunber of curved cl anpi ng bl ocks 95 extend around a truncoconical surface
96 of front bushing 93, being held inwad, against this surface 96, by an
el astoneric "O'-ring 97. The internal shaft 90 is held in the
rearward position,shown

I,..e...in.the direction rrow /_{reans_of a
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: during the initial adjustment of this apparatus, so that the laser beam 122a entering

the beam expander 122 at a diameter of about 0.5 mm leaves the beam expander

122 as beam 122d with a diameter of about 1.3 mm, and sa that the beam entering

a focussing lens 140 has a diameter of about 1.5 mm. This lens 140 is focussed by

movement in the direction of arrow 140c, using the screw mechanism 140b, so that

the laser beam has a diameter of about 20 microns at the surface of a disk 49 being

textured. An independent adjustment of this kind is made to focus a beam on each

side of thedisk 49. | |

Further adjustments of the beam expander 122 and of each focussing lens

140 may be made to effect changes in the process and in the textured spots

generated on the disk 49. In general, adjusting the beam expander 122 to increase

the diameter of the laser beam striking each focussing lens 140 makes it possible to

focus a smaller beam diameter on the disk 49.

Referring to FIGS. 5, 5B, and 5C, despite the precaution of tilting each prism

142, to prevent the retumn of laser power reflected off the disk 49 within the optical

path, some such power can be expected to retum, due panicuiad;/ to refiection from

the non-uniform disk surface produced by the texturing process. However, the s-

polarized light reflected back along the optical paths in this way is rejected by each



14 * with inner shaft 90 held in its forward position, so that clanping

bl ocks 95 are retracted i nward. Next, inner shaft 90 is noved to its
rearward position, so that clanping blocks 95 are noved outward, clanping
the disk 49 in place, and the grippers, which have been hol ding the disk on
arm 72, open, releasing the disk 49. After disk 49 is placed on spindle 86,
t he pi ck-and-pl ace nmechani sm 71 noves forward, opposite the direction of
arrow 50, and the spindle drive notor 101 of spindle assenbly 88 begins to
rotate spindle 86 to bring the disk 49 up to a rotational velocity at which
exposure to | aser pulses will _occur. e spi ndl e assenbly 88 al so begins to

~nmove inward, in the direction of arrow 102, being driven by a spindle

translation ”Bélﬁﬁziﬂ@%eaﬁnébﬁtb@rn@dfrifﬂ@ BéwécdntloPobte BISXK Y86, NEbi agségd

The | aser-texturing station 40 w now be di scussed, with speciTi
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to be outward direction, opposite arrow 102, for example, at a constant speed, by the
| spindle translation motor 104. When the disk 49 passes the point at which the outer
diameter, indicated by phantom line 148, of the surfaces to be textured is adjacent
to the point at which exposure occurs to laser beams reflected from prisms 142,
electronic process shutter 114 is closed to terminate the exposure of the surfaces of
disk 49 to the laser beam. Thus, an annular space on disk 49 is textured by placing
a number of laser-generated texture pattems along a spiral, with the distance
between the pattemns adjacent along the spiral being determined by the rate at which
laser 108 is pulsed, and by the rate of rotation of spindie 86, while the distance
between radially adjacent segments of the spiral is determined by the rates of rotation
and transiation of spindle 86.

After completion of the texturing process, the rotation of spindle 86 is
stopped, orl.allowed to decelerate, as the spindle assembly 88 continues moving
outwardly, opposite arrow 102, to stop in the position adjacent to grippers 78, at the
inward-extending end of the arm 72. At this point, the arm 72 is held forward, in the

direction opposite arrow 50, so that the disk 49 can pass behind the grippers 78,



15 textured, as determ ned through the use of a signal generated in
..response to the novenent of, for exanple, the spindle assenbly 88. _
The safety shutter 116 remai ns open during the entire texturing process,
unl ess an error condition, such as a jamof a disk or cassette, occurs. The
detection of such an error condition causes the safety shutter 116 to
cl ose, by neans of the software running the l[aser-texturing tool 37. The
| aser 108, electronic process shutter 114, and safety shutter 116 together
forma light-tight assenbly, from whic# even a portion of the |aser beam
cannot -escape when either shutter 114, 116 is cl osed. Af ter passing
t hrough the shutters 114, 116, the |aser beamenters a pol ari zi ng
" beamsplitter Wchataiheld openoWbem diis getwardmotioreofisoindlenassembly@8-isasapldieam

i f any, havin t n- - | | ' ' r .owar d .an
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threaded mechaas st RRBABELSH teRRINE Giito PoSItibPaSovERE K lifter 59. Next, lifter 59
moves upward, accepting the textured disk in its groove 84. The grippers on am 72
holding the textured disk are opened, and the lifter 59 then descends, placing the
textured disk 49 in a pocket 51 within the cassette 58. '
The preceding discussion has described the movement of a single disk 49
from the cassette 58, in right disk-handling station 38, through the texturing process
in laser-texturing station 40, and back into the cassette 58.. In a preferred version of
the present invention, two disks are simultaneously moved in opposite directions
between the cassette 58 and the spindle 86, which carries each disk through the -
texturing process. This type of disk movement will now be described, with particular
references being made to FIGS. S and 7. ‘
Referring to FIGS. § and 7, except during the movement of the first and last
disks 49 held within an individual cassette 58, each rotational movement of arm 72
in or opposite the direction of arrow 74 preferably carries one disk 49 from the disk
lifter 59 to spindle 86 within grippers 77, while another disk 49 is_simultaneously
carried within grippers 78 from the spindle 86 to disk lifter 59. Sequential rotational
movements of arm 72, which are similar in their movement of disks, occur in opposite
rotational directions to avoid the winding of air hoses to actuators 79 and of wires to
grippers 77, 78, which would occur if such movements were to éontinue in one

direction.



Inthe exanple of the laser-texturing tool 37, this adjustnment is nmade to
..provide a slightly diverging output beam 1 22d. Referring again to
FIG 5, fromexpander collimtor 122, the |aser beamis directed by a pair
of dielectric-coated steering mrrors 124 to a dichroic beansplitter 126. A
visible | aser beam for exanple froma 2-nW/laser diode 128, is also
directed toward the beansplitter 126, permtting alignnment of the optical
system by tracing the red laser dot. The infrared beamfrom/laser 108 is
made to be coincident with the red beang%ron1laser di ode 128 by
mani pul ating the two steering mrrors 1 About three

16 percent of the |aser beamentering beamsplitter 126 fromthe infrared
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the power control oRl} ik Ye0kkich O nbraidlF caflidthe ¥AL GisR 4876 SvEhlhce, is
being taken through the texturing process by spindle 86, a “B* disk 49, which is the
next disk 49 in the direction opposite arrow 50 past the cassette pocket 51 from
which the "A*" disk 49 has been taken, is found by movement of the cassette 58 in the
direction of arrow 50 past the proximity sensor 70a. At this point, the movement of
cassette 58 is stopped, and disk lifter 59 movles the *B" disk 49 upward, into the
position indicated by phantom line 82. When the process of texturing the “A" disk 49
is finished, spindle 86 moves the A" disk 49 into the position indicated by phantom
line 83. When both the "A* and "B"* disks 49 have been pogitioned in this way, pick-
and-place mechanism 71 moves to the rear, in the direction of arrow 50, and both
sets of grippers 77, 78 are closed to grasp the "A® and "B" disks 49. Within the
spindle 86, shaft 90 (shown in FIG. 8) is moved to the front, moving clamping blocks
‘95 inward to disengage the spindle from the "A" disk 49, and the disk lifter 59 moves
downward to disengage from the “B" disk 49. Next, the pick-and-place mechanism
71 moves forward, opposite the direction of arrow 50, and the arm rotational drive
motor 75 drives arm 72 through a 180-degree angle in the direction of arrow 74.
Now, the positions of the *A" and "B* disks 49 are reversed, with the “A“ disk 49
being positioned for movement through the texturing process on spindle 86, and with
the “B" disk 49 being positioned for return {o cassette 58. Next, pick-and-place
mechanism 71 moves to the rear, in the direction of arrow 50, placing the “B" disk 49
on spindle 86, and aligning the “A" disk 49 with disk lifter 59.



FIG 58 is a partially sectional plan view of the beansplitter cube 132,
stogether  with steering mrrors 134 and the power control optics block 136.
The two | aser beans 135 forming inputs to the block 136 extend parallel to,
and equally offset from an axis 1 36a of the power control optics block
136, about which the various elenents of this block 136 are symmetrically
depl oyed. Symmetrical beans 135 result fromthe fact that the input beam
131 to the beansplitter cube 132 is directed at a 45-degree angle wth
respect to the optics block axis 1 36a, with the reflective surface 132a

wi thin the beansplitter cube being align%ﬂ along the optics block axis 1
36a. Each of the steering mrrors 134 is aligned to be struck by an

associ ated beamfro ' incidence of
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California, ung@r At the second disk transfer point, a disk 49 is transferred in either direction
Gl st abl ¢ i rBASRD HRk-AEhAAcR AREHANRE] (LB0Y SPRHERT knobs 134b used to

tilt the associated g preferbdnedtbfopBitiva, dompiling systém Todtores 84ta indidating
_mounts sui t abl Elef gécl}ert”551 within cassette 58 from which each disk is taken. This data is
subsequently used to detemmine how the cassette 58 is moved opposite the direction
of arrow 50 to retum to the place from which the “A*® disk 49 has been taken. When
a cassette full of disks to be textured has been loaded into the disk-handling station
38, the cassette is moved one pocket position in the direction opposite that of arrow
50, from the position in which the pocket at which *“B* disk 49 has been taken is
directly above disk lifter 59, to the position in which the pocket at which "A" disk 49
has been taken is above disk lifter 59. If the cassette 58 was not full of disks 49 to
be textured when it was loaded into disk-handling station 48, the cassette 58 may
have to be moved farther than one pocket position opposite the direction of arrow 50.
In any case, the cassette is moved so that the pocket from which the A" disk 49 was
taken is above disk lifter 59, using disk position data stored within computing system
70 and moving the cassette using indexing conveyor 57. This cassette movement
can occur as the *A* disk is being moved, by pick-and-place mechanism 71, into
place for reinsertion into the cassette 58, with the pick-and-plaée mechanism 71
moved forward, opposite the direction of arrow 50..

Next, disk lifter 59 moves upward, engaging “A" disk 49 within its groove 84,
and the shaft 90 (shown in FIG. 8) is moved rearward, in the direction of arrow 50,
so that clamping blocks 95 are extended outward to hold “B" disk 49 (also shown in
FIG. 8) on the spindle 86. The grippers holding the "A* disk are opened, and disk

lifter 59 moves downward, restoring "A" disk 49 into the pocket 51 from which it was



appllcatlon are supplied, for exanple by the Ealing Electro Optics, Inc.
-Hol I i ston, Massachusetts, under their catal og nunber 37-4777.

Wthin the power control optics block 136, the power of the two beans 135

- from beanmsplitter cube 132 is bal anced, so that these beans have power

| evel s within one percent of one another2.5 The beansplitter cube 132 splits
the single beamarriving fromthe | aser i'nto a pair of beans 135 havi ng
power levels within five percent of one another. Wile the beanmsplitter
cube 132 is a ‘@i pof sPiNdiefP MeveTBwarthin hasireclineaferoys 1@dtviiergtatinraliyoner
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enters a |iquigycrystal variable retarder 136b. Each of these retarders
136b includes a cavity 136¢c forned between a pair of fused silica w ndows
136d spaced a few nilbedimnst digksdS takahirom eaeh individual dassette 58 isoobved alomanfréra6d
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function generator 137, \pre era produces a DC
conveyor 57, wuh all of the disks 4 to be textured within the cassette 58 bemg
removed from the cassette 58, sent through the textunng process, and retumed to
the cassette 58 before any of the disks 49 in the next cassette 58 are so processed.
| FIG. 9 is a cross-sectional plan view of a slider mechanism 149 used to
move a transfer table 150 on which cassettes are transferred from indexing conveyor
57 to output conveyor 61, taken as indicated by section lines IF-IF in FIG. 6..
Referring to FIGS. 6 and 9, the transfer table 150 is mounted atop slider -
mechanism 149, including a slider 151, having a pair of cylinders 152, through which
a pair of hollow shafts 153, 154 extend. The shafts 153, 154 are in turn mounted to
extend between end blocks 155. The slider 151 is slidably mounted on the shafts
153, 154 by means of bearing assemblies 156, which also include air-tight seals
preventing the outward flow of air from the ends of cylinders 152. A central piston
157 is also attached to slide with the slider 151 along each shaft 153, 154. Each
piston 157 includes seals separating the cylinder 152, within which it is attached. tinto
an inward chamber 158 and an outward chamber 159, each of which is altemately

filled with compressed air or exhausted to effect movement of the sfider 151.



18 = bal anced 2kHz square wave having an anplitude which is adjustable to
~determ ne how the polarization of the beam passing through the retarder
136b is altered. After exiting the retarder 136b, each beam 136e
enters a polarizing beansplitter 136f, which reflects s-polarized power
inward to a beam dunp 136g to be di ssi ed within a cavity 136 h, while
transmtting p-polarized energy to an non- polarizing beansplitter 136i.
Each non-pol arizing beansplitter 136i reflects about one percent of the
ener gy incident uporroirﬁo\tmiaémsprnwirdiunmetdmecﬁmmftarto:w aommprdﬁea@ﬂg
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136j provides convehi ent .neans or measuf | power | evel The out put
signals from mmmgquwsa 130, 136) are indi VI dual |y calibrated using
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textured. Thi sotppassed airds idireatedda the ogtward ahambemetﬁ@d froachasee1Gd, throughber
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resutting expansxon of outward chambers 159, together with a contraction of mward

i
s

i chambers 158, moves slider 151 outward, opposite the direction of arrow 102,
aligning transfer table conveyor 60 with output conveyor 61. .

The movement of a cassette 58 following the retumn thereto of all disks 49,
having been textured, will now be discussed, with specific references being made to
FIGS. 5, and 6. |

Thus, referring to FIGS. S and 6, when it is determined that the last disk 49
to be textured in a cassette 58 has been processed and retumed to the cassette 58,
both intermediate conveyor 57 and transfer table cohveyor 60 are tumed on to move
the cassette S8 rearward, in the direction of arrow 50, until the. cassette 58 is
completely on transfer taple conveyor 60, as indicated by the output of transfer table
cassette sensor 69. Upén the indication of sensor 69, movement of conveyors 57
and 60 is stopped, and a slider mechanism 149 is operated to drive the transfer table

150, which includes transter table conveyor 60, in an outward direction, opposite the



| evel s includes the steps of nonitoring the outputs of power detector 130
«+and maki ng correspondi ng adjustnents to a signal driving the |aser 108. The
two beans 136m 19 are

bal anced by observing the outputs of both power detectors 136] with both
retarders 1 36b set to transmt maximum | evels of p-polarized power, and by
reduci ng the level of p-polarized powe’ transmtted by the retarder
corresponding to the higher power |evel read by one of the power detectors

136j, until tkReQichW? afBWe2idnd mshloc\ﬁéh%ﬁé 9535@19%‘9’%3 hRYEH is SMdoRd with
calibration_factors being considered. As the |evel gol arized power is

decreased in HABSEF tablle conveyar@ in aligameny with @utm@mﬁvqypé édhelcﬁmrey@rs 60,
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power is rejected I nward the polarizing beam splitter
t he out put |edépﬁwe@fcasa@tmemmrad @ldrgl the ostput wonveyanGdt thisymokembetis
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di sk- handl i ngead/zio« emdeal frémrthe disktexturingtdol 87. t hese beans 136m passes
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mounted in a fe'rrrxlgvﬂ of& g UStqu i 66 with textured disks 49 is not generally required to permit
continued operation of the disk texturing tool 37. Space is provided along output
conveyor 61 for the storage of a number of cassettes 166 filled with textured disks
49. in a first version of this output system, all such cassettes 166 are stored along
the surfacei of output conveyor 61. (n a second version of this output system, the first
cassette to reach the front of output conveyor 61 is stored on a raised platform
The operation of the first version of this output system will now be described.
In this version, if a cassette 166 is waiting for removal at the front of output conveyor
61 when the processing of disks 49 within another cassette 58 is completed, outp'ut
conveyor 61 is tumed on to move the cassette 166 rearward, in the direction of arrow
50. This movement is stopped when the presence of cassette 166 is detected by a
second output cassette sensor 170. Then, with transfer table conveyor 60 in
alignment with output conveyor 61, both transfer table conveyor 60 and output
conveyor 61 are tumed on to move éassettes 166 and 58 together to the front of
conveyor 61, where this motion is stopped as first output cassette sensor 168 detects
the presencé of cassette 166. If necessary, this process is repeated several times,
until output conveyor 61 is filled with a queue of cassettes holding disks 49 which
have completed the texturing process. In each case, the rearward motion of output

conveyor 61, in the direction of arrow 50, is stopped when the rearmost cassette in



manner, pernitting the adjustments needed to center the beam and to achieve
.opti mum focus on each side of the disk 49. A first stage 140a, noved by a
first mcronmeter-type screw nechani sm 140b allows a | ens focussing
adjustnment in the directions of arrow 140c. A second stage 140d, noved by
a second screw nechanism 1l 40e, allows |ateral novenent of the lens 140, in
the directions indicated by arrow 140f28 A third stage 140g, in which the

| ens 140 is nmounted, allow vertical nmovenent through the rotation of a

third mechani sp %Q@e rea Fhe%secoﬁa%iﬁtd?ft c?é%eﬂt\tg?seh%rsll“/bgmd t}‘\etshbf;&ﬂjen??brkg?& a

| aser beamreflected of e surface o being textured is not

transnitted baBRUQHe Ut eonverprd cialstanped whesithyforwardast enetteinithe queue

reflected outvwagg | 4 Each prism 142 is neunted on a
pivot arm 1 42b, pﬁfgaa hﬁ{’/"‘t%éﬁéheé) 0?3.1 é?n 142c to a stage 1 42d, which

20 is in turn moved hmopmnm oédhe caesom! varsienwofl this obspuasmtemwdlt powthepe
ised to set t s THIEyRYA hduifey i EidhioRy GRS IR Bl 472, IR B2
of adj ust nent snmu@antthe plaa‘orry Sdassied withoinpaticerseyory 2, laadar third outpul cassettece
sane d anot er SEROC R WET i uiisign 3nf 475 snssetd i I eeBito8 g ¥ Slnplet
of f set from t loenwveydr &4 tis meﬂwfﬁtheeonﬁeyohwrthmftmgpmmﬁhe Hoa'emalrblaemrdlsed
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- posi tion of prpositichdduipait cenvegst 61 isvoprated Vbt ditéctions wiildmot affecting the
position of the cassette 166. Thus,'.when a second cassette, such as cassette 58,

is loaded onto output conveyor 61, this conveyor 61 is tumed on to drive the cassette
forward, in the direction opposite arrow $0. This motion is stopped when the cassette

is detected by third output cassette sensor 174. When the disks in a third cassette
are completed, output.conveyor 61 is tumed on to drive the second cassette
rearward. This motion is stopped when the éecond cassette is detected by second
output cassette sensor 170. Then both transfer table conveyor 60 and output
conveyor 61 are tumed on to move the second and third cassettes forward, opposite
the direction of arrow 50, until the second cassette is detected by third output
Cassette sensor 174.

Again, this process is repeated until output conveyor 61 is filled with a queue -
of cassettes holding disks 49 which have completed the texturing process. In each
case, the rearward motion of output conveyor 81, in the direction of arrow 50, is
stopped when the rearmost cassette in the queué reaches second output cassette
sensor 170, and the subsequent forward motion of output conveyor 61 is stopped
when the forwardmost cassette in the queue reaches third output cassette sensor
174. These movements occur as the first cassette 166 rer’nains on raised platform
172.



Referring again to FIGS. 5 and SA, and continuing to refer to FIG 5C, beam
~expander 122 is adjusted by changi ng the distance between 122b and | ens
122c, during the initial adjustnent of this apparatus, so that the |aser
beam 122a entering the beam expander 122 at a dianeter of about 0.5 nm

| eaves the beam expander 122 as beam 122d with a dianmeter of about 1.3 nmm
and so that the beamentering a focussi®¥y | ens 140 has a di aneter of about
1.5 mm This lens 140 is focussed by novenent in the direction of arrow

140c, using the screxy AMCP&AL HMnb4Miser® 1%6% gﬂa&anaa@é iDeaR RS bR tH aimpt er
of about 20 microns at the surface of a disk bei ng textured. An
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each contaminate the manufacturing process of which this textdfing is a part. Furthermore,
the useful life of conveyor belts and cassettes is increased, with cassettes and
conveyer belts being likely to last as long as various other moving parts of the disk
texturing tool 37.
The configuration of output conveyor 61 extending alongside input conveyor
47 provides the advantage of bringing output cassettes, holding disks which have
gone through the texturing process, back to a place adjacent to the place where_input
cassettes are loaded. This facilitates servicing the tool 37 by personnel who must
both load and unload cassettes. Furthemmore, additional space for queuing cassettes
along the conveyors is gained without having to increase the length of the tool 37
along the conveyors. |
The preceding discussion of the movement of cassettes and disks has
focussed on such movement within right disk-handling station 38 of the laser-
texturing tool 37. Thus, the various movements of disks and cassettes described
above are used alone if the left disk-handling station 39 is not available. For
éxample. the left disk-handling station may not be available due to a technical
probl?m, or simply because cassettes have not been loaded into it. Furthermore, an
embédiment of the present invention has only a single disk-handling tool, which is
operated as described in detail above. Nevertheless, in the _preferred method of

operation of the preferred embodiment of the present invention, which will now be



pol ari zi ng beansplitter 136f in the power control optics block 136, being
~directed outward as a beam 136n. The novenent of a disk through the
| aser-texturing process, and its subsequent return to the cassette from
which it has been taken, will now be discussed, with particular reference
being made to FIGS. 5 and 7. Thus, referring to FIGS. 5 and 7, the
disk 49 clanped to spindle 86 is first 3Qrought up to the rotational speed
desired for the texturing process, as the notion of spindle assenbly 88
drives the di | [ | L f I iofos e
poi nt at whi Cﬁd‘%ﬁgb?@n‘ﬁgf\%&{tﬁéﬁrggfe%r& i%:éa'tt H{é gﬁqlézl%@: %'Oioihgﬁggfjg?hﬂléf‘%ﬁ%146
of the surfacedatiay $ anglefdisk-handiag statien 3Bartenesgsbinan alterptint fashinostor e
will occur to : Wb IR : e actual--exposure,
“which is startder?ﬁ;d%%%%ﬁé%*@%??@ﬁi%%g%ess g%tfjhg'tog;%'lm, occurs as the
disk 49 is rotated, Thus, referring to, Fitk Saincopretemred vepsiariof thy pegsentineentiony the

arrow 102, f or BRI EenaRB TRl G SUIIR e SR PRemiBREr RN

not or 104. Whelisketendiing statién 38 swits variousmiementaiof thiel agpardtes eithiarthe lefhdisler |
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Lot he poi i TERGHEA st 58 Heing mitPE iri4e SEipuistiaft of 6tarERging, SRARRD s
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- along a spi r alhandlirigstation 38, With rewar] moEshs! iftthe dirdctibh of Atdva 60| venlimimgithiehe
Che Fat o of r SRS BRA Bih RGeS, e drestion ot agow 108 coRidng o teaiarey
adj acent segnmedwardthe cBfted Bf thallader téRUARGIOEE7 N e 8irdclibR of FrowOleR! WRRinand
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process, the ¢t Qﬁpﬂﬁgﬂﬁn%ﬁt?ﬁeﬂ 8% GQF@%Y'JBM mptions, epAasite dhe) direst

as the spindl erassndrein #e Al Hirdtton IPHGR BFOAHdYht biXk-haRAINY StRions B8Yed,02,
to stop in the position ad%ace.nt to grippers 78, "at the inward-extendi ng
end of the ar Mg outwardimations; indeft digk-handiingstatiom3d? are epResite, the direstion of
direction oppegiowetgd.row 50, so that the disk 49 can pass behind the
grippers 78,

Within disk-texturing station 40, right shuttling mirror 138 is mounted on a
mirror slide 176, together with a left shuttling mirror 178. Mirror slide 176 is operated
pneumatically, sliding on a pair of shafts 180, using a mechanism operating generally
as described above in reference to FIG. 9. With mirror slide 176 in its leftward
position, moved in the direction of arrow 181 as shown in FIG. 5, the laser beams
passing through power confrol optics block 136, having been derived from the output
of infrared laser 108, are directed to disk 49, clamped on spindle 86 of right disk-
handling station 39, as previously described. Mirror slide 176 is altemately moved
into a rightward position, so that the laser beams passing through power controt
optics block 136 reflect off left shuttling mirror 178, being directed to a disk 182 held
by 'spindle 184 of left disk-handling station 39. In this way, the laser beams employed
in the disk texturing process are directed to either disks within the right disk-handling

station 38 or left disk-handling station 39 simply by moving mirror slider 176.



22 whi ch are held open. Wien this outward notion of spindle assenbly
~88-is conplete, and when the rotational notion of spindle 86 is fully
stopped, the arm72 is noved rearward, and the grippers are closed to
engage the disk 49. Next, the shaft 90 (shown in FIG 8) is noved forward
so that the clanping blocks 95 (also shown in FIG 8) are retracted inward,
rel easing the disk 49 from spindl e 86. 3then, the arm 72 is noved forward,
opposite the direction of arrow 50, and arm 72 is rotated 180 degrees about

the axis of its drivgna/\ikhndve dSRRARINRskiesdhs 65 blsiRinghéniéth h@ﬂﬂ;the
f the dis

arm72 s noved rearward, in the direction of arrow 50, nobving t 49,
whi ch has nosttwpadeans)tg diseetiine iasenbeams betweepdls traodisikhandingséatipng|38, Bt er

59. Next, liftgeg; A | : LSk i-n its groove
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carried within grippers 78 fromthe
disk lifter 5& SUHRRE fﬂgm_ﬁlﬁwﬁa#"n&ﬁ;%@ 1B fhigay. the uspthe dxuiting
simlar in thersceddueaRble tAfough Vperation ofinfrarkd1R9P 508 & maximized, along with the
' ~overall process speed of the laser texturing tool 37. However, when disks to be
; textured are not available from one of the disk-handling stations 38, 39, the other disk

handling station can continue to run at its full speed.

Referring to FIGS. 5-7, a preferred version of the present invention includes
a bar code scanner 186 for reading bar code labels (not shown) placed on a side of
a cassette 48, which is put on platform 54. To use this feature, the computing unit
70 executes a program relating bar codes read by scanner 186. Data gathered by
reading bar code labels rﬁay be stored and used by an inventary control system to
keep track of work in process. '

The present invention provides advantag'es of optimized productivity and
ﬂéxibility. In a preferred mode of operation, both disk-handling stations 38, 39 are
simuitaneously used as described above, maximizing the rate of production for the
laser texturing tool 37. The use of laser?108 is optimized, with various disk-handling
processes in each disk-handling station 38, 39 occurring while a disk 49, 172 in the

other disk-handling station is being exposed to the laser. The use of separate disk-



rotational directions to avoid the winding of air hoses to actuators 79 and
~of wires to grippers 77, 78, which would occur if such novenents were to
continue in one direction. :

23 Furthernore, a preferred version of the present invention
returns each textured disk 49 to the cgisette pocket 51 fromwhich it has
been taken, |eaving the pockets 51 whiTh have been determ ned to be enpty
by proximty sensor 70a in an enpty condition. These conditions are

achi eved i n ahpndtihgsraidny elssippoviads fidwbilpy; éfssither ofnthe disk-tranding sthiionsi 38y 3phe
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ef ore repl aci t he, di 49.i.n the casset 8., . As a di 49
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“through the tgpetegd.ng process by spindle 86, a "B" disk 49, which is the

next disk 49 in the dg' rection %&%te arrow 50 past the cassette pocket 51
from which the "A" BelernangntaflGe. 50898 the preceding gisaussionhas desarhed

cassette 58 ianmdiRodlidragktufiny iskd sy DiseSdant Q?sé%%%i@ﬁ his %@@ﬁ%arﬁ%gy AL

this point, the novenent of cCassette 58 iIs stopped, and disk [ifter
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defined by a set point, so that each beam 136m is attenuated during the adjustment
process by the corresponding liquid crystal variable. retarder 136b.

Furthermore, a preferred version of the present invention includes automatic
means for initially making the laser power adjustments and for maintaining these
adjustments. '

FIG. 10 is a block diagram of a subsystem 200 for adjusting and maihtaining
the power in a laser single beam 136m at a set-point level. Referring to FIGS. 5B
and 10, inputs to the subsystem 200 are provided by the outputs of a laser power
detectors 136, which have previously been discussed in reference to FIG. 5B, each
of which measures the power of a single beam 136m. The output of each detector
136] is fed into an analog to digital convertor 202, and the outputs of the two
convertars 202 are individually provided as 12-bit inputs to ports of a microcontrolier
206. Program and data information is stored in"a random access memory 207 of the
microcontrofler 206. Operator inputs to the microcontroller 206 are provided through
a keypad 208, while program information is typically loaded into the microcontroller
206 through a magnetic diskette 209. A display unit 210 is also connected to receive
outputs from the microcontroller 206. Two output ports of the micro controller 206

are individually connected to digital to analog convertors 212. The output of each



sets of grippers 77, 78 are closed to grasp the "A" ‘and "B" di sks 49.
«Wthin the spindle 86, shaft 90 (shown in FIG 8) is noved to the front,
nmovi ng cl anpi ng bl ocks 95 inward to di sengage the spindle fromthe "A" disk
49, and the disk lifter 59 noves dowmward to di sengage fromthe "B" disk
49. Next, the pick-and-place nechanism 71 noves forward, opposite the
direction of arrow 50, and the armrotd8ional drive notor 75 drives arm 72
t hrough a 180-degree angle in the direction of arrow 74. Now, the positions
of the "A" andygiBi AShat8r b 8Y BFis&fan WplitbfldRinctfon Siriekatd? 1881 deh in
positioned for novenment Through the texturing process on spindle 86, and
with the "B" dMEkP@IUpRS ARKSHE ﬁﬁ%ﬁé@a»feofrunﬁmgamgaad&g%@q fleterminedelyy the
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a Referring to FIGS. 5B, 10, and 11, in the teach mode, which is entered with

an affirmative determination in block 220, the microcontroller 206 reads the power

of a laser beam 136m while stepping the voltage driving the function generator 137,
which in tum drives the liquid crystal variable retarder 136b associated with the laser
beam 136m being measured. In the first segmerit of the teach mode, several

ki

initialization functions are performed, with a teach mode screen being sent to the
display 210 in block 222, with a counter being reset to zero in block 224, and with the
output voltage level to the function generator 137 being set to an initial value of 2.33
mv in block 226.

Next, a program loop is entered, with a 30ms (millisecond) delay in block 228
providing time for the retarder 136b to stabilize before the laser power is read in block
230 and stored in a table within memory 207. Next, in block 232, the voltage driving
the function generator 137 is increased by the incremental value of 2.33 volts. Then,
in block 236, a determination is made of whether the counter value has reached
4096. This exemplary value represents a pre-determined level at whicH{,the teach’
made is determined to be completed. If this value has not been reached, the system
returns to block 228, to repeat the process of measuring a laser power level and

incrementally increasing the drive voltage level. Each time this occurs, the measured



subsequently used to determine how the cassette 58 i s noved opp05|te t he
.direction of arrow 50 to return to the place fromwhich the "A" disk 49 has
been taken. Wen a cassette full of disks to be textured has been | oaded
into the disk-handling station 38, the cassette is noved one pocket
position in the direction opposite that of arrow 50, fromthe position in
whi ch the pocket at which "B" di sk 4384as been taken is directly above di sk
lifter 59, to the position in which the pocket at which "A" disk 49 has

been taken lsda\b@v&iqgé%kﬁdldnf/é96w59levéffastsd9@at@a$r@éw;e\&%s\t@r@d@@tcofruégbor@fn
di sks 49 to be textured when it was |oaded into disk-handling station 1?8
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moved T orvar deisBRRa b ind Bkollly il 4 (T intiodk A R dither caso atteMR¥ bontlidlon |

lifter 59 nove groove
shaft 90 (shomhedemiﬁnoep ﬁhesyeteauretumsmm stalrhpohe%srect i on of arrow 50,

Shown 10 Fi G ) onfiitg sErpahfimSHl AR sCaiRL b itnefie detimiorn”

“opened, and ddedisionblank 242, ine eperatoncanrahter the valuerdpsirdd for & kaséb powepséthe
pocket 51 fro

B3 Taken,  anBotbHiae € Ravaed R0 The ponteler thep distemings the ¢ty ofsge

Wwhile rotati oaeddc;atatw&heimatpbmrtévei flomkhé lokiup tableatored it memarg 20Y. Jhe

oL oh L ST 8l el it o B B S5 Bloolabpondind Bl °
to analog convertor 212. The operator can pen‘orm this routine as often as needed,
until the system is properly set up.

Thus, the set point mode is started in block 244, as a screen for this mode
is shown on display unit 210. The system then waits, going through a 'loop from
decision block 2486, for the operator to enter a set point value. When such a value
has been entered, the system, in block 248, finds the drive vdltage associated with
this set point value. [n block 250, this drive voltage is applied to the function
generator 137. In block 252, the power of the corresponding laser beam 136m is
read, to be displayed through the display unit 210 in block 254. The system then
retumns to start point 218.

The monitor mode is used to determine variations in the output power of
laser 108 (shown in FIG. 5) with time. Thus, after the monitor mode is entered, as
determined by an afflrmatlve determination in block 256. a timer is started in block
258. A laser power level is read in block 260 and stored in a power table along with
the time, from the timer, at which it is produced. Until a pre-set time out time value

is reached, as indicated by an affirmative determination in block 262 the measure-



di sk. The first disk 49 taken from each individual cassette 58 is
~nmoved alone fromdisk lifter 59 to spindle 86, w thout the sinultaneous
novenent of another disk 49 in the opposite direction, since there is no
ot her di sk available for such novenent. Simlarly, the last disk 49 taken
from each individual cassette 58 is noved alone fromspindle 86 to disk
lifter 59, since there is no other di 9§ available for novenent in the
opposite direction. The determ nation that the last disk 49 to be textured

has been renpweshtbheBickdR GAGRRE R b@%k b80 HROR puARA ohhepdriegic bReigk @hdnlthisnt O
whi ch di sks 49 can be placed is noved past disk |ifter 59 W|thout t he

det ecti on of Af Adrcanddionfasiesst Eﬁécﬁfv‘f’-yt@élﬁ%?fr‘smpe@‘iﬂf ocks384y| Hlext. a

cassette 58 aldeferhindBoh & MBIEH KISIC266 G MRS bBY Rltorths iMfitdted] dsurﬁH thghe
disks 49 to be textured within the cassette 58 being removed fromt

cassette 58, &eyrad BPd.igat arasaph shavingdhp vgdation obiager pewerrwith t'metlﬁéo be
58 b
cassette %fs‘&ia?yeﬁnyrhﬁ% 3 Serithative d&ekflink ﬁtg'r lﬁg?%a@ﬁ@@ Fetshﬁs @ﬁh?hﬁgﬁﬁ/ of

processed. s a Cross-sectlo an Vi ew o
mechani sm 149 suelra graphmesy disalay it &10rin blggk@6850 on whi ch cassettes are

transferred from i niexhn0 GOBYEKhs B jakeR toRtfing WHCAP (ofiden 148 A 4s

I ndi cated by sectio I nes ef'erring to
and 9, the trascamplishedinthean modeo When thet nup reodalisrsetecteds as indiceted by an

-i ncl udi h
ot o oneditve detemiRkidflinT ok s8] afnke RS Bifer pissinle) 3L il HacA
nmount eg to ;aﬁetmmam akthis poidt, thesysterhds lockbd te lailasar pkﬁwtené:set pdmité%bw)u_slyh
1 on earl n SSG | €S

T en Fo el te. Seihingd ir3tan derplidn fRd Sefoort RiTde Bes Mg # e R
.teﬂds lof OIcyl ilggdt]@em thém:eh gcbr: tgbrggﬁinféﬂbﬁiha&he!cafreeﬁdlrmmm dseltnb:abn merrm th

e Sl der a C SNa on ] NCl ude e S
oo at o+ o IE NSRS Sathtiitinoat as mensrad by the boResmhdind e War Aotk
chanber 158 anggjant tetlagsrbeahrpdiesr id dltsidagradetenihedhinitngildi@isiah elami ! | ed

with conpressed a r or xhau to effect rmverrent of the slider 151
Al soun ed and e tooféﬂjs placecI in a paused mode.

In the run miode, the system first determines, in block 272, whether the
process shutter 114 (shown in FIG. 5) is closed. Ifitis closed, no new data can be
derived, so the system retums to start point 218 without changing the set point.. If the
shutter is not closed, as indicated by a negative determination in block 272, the
function generator 137 is driven in block 274 with a drive voltage determined by the
microcontroller 206 to correct the laser power measured on a previous pass through
this routine to the set point value. (On the first pass, a set point voltage as
determined in the set point mode is used for this purpose). Next, in block 276, the
actual laser power is read. To continue running the 'system, the laser power must be
within pre-determined limits. ,

If this power is too high, as determined in block 278, or too low, as
determined in block 280, an alarm is sounded in block 281, the power reading and
set point are displayed on display unit 210 in block 282, and the laser texturing tool
37 (shown in FIG. 4) is placed in pause mode in block 284. From this point, the



26 . To nove slider 151 inward, in the direction of arrow 102,
«~conpressed air is directed to the inward chanbers 158, from hose 160,
~through a hole 161 in shaft 153. As this occurs, air is exhausted from
outward chanbers 159, through a hole 162 in shaft 154, and through hose
163. Both inward chanbers 158 are connected by an inward transverse hol e
164, and both outward chanbers 159 ar3 connected by an outward transverse
hol e 165. Thus, as conpressed air is directed through hose 160 whil e hose

163 is ex haustswemoNé.tsefoa&ﬂmapé\@f@ to iphgs s £ Akt sw.g:reapmmmm iril BIVEN 286,
chanmbers 158, fogeet her,. wth a contraction of outwar anbers 159, rg)
slider 151 i nRelCl stPppipg thealagp: iEygn drtha Alagw i Bt9PPS Qj'ﬂ fidiopramaisyh tSBI e

conveyor 60 Wuhth cbRE&NE%ré ARG thE 6 ]perator who tidilakas the sylseniBNeorJduder
151 outward, F{E’pOSIte the direction of arrow 102, conpressed air is

directed to tA®98ut ward chanbers 159, from hose 163, through hole 162 in

shaft 154. As this gcgdr [ t r haRRek
through hole 161 in gﬁgfﬁsﬁg , ng‘ﬂfﬁgﬁg GIhé)l%e 16“891&1'(*3@ as co%r?g)’raﬁl‘s'essed

air is direct &wemdm@mmwmlmmwmwemo madecsaquancasandyetyraing to
t h t
2 contracti m% éﬁﬁ |gpg%§;%g its Oé&cw Cﬂaﬁ?g[aov}%rgare OppOSI ?Ae

a contraction of rvaes I der
the directi onchﬁnmn@thelwtagaldrmmngefmmm generatﬁré%onveyor 60 with out put

- conveyor 61. t r
thereto of all di sks B&Eg‘éﬁ%%ége‘é“ fe?érfégts F?% {ﬁ%%vg#ﬁ%&sggg%ﬂ&H i th
.specific ref ewhwh@pmerarg lsmshd tandﬁh@ﬁthe@omdmﬁm a single lasarrheam 136m: rll'l ng
to FIGS. 5 an {
textured in afeely BT ald e oGt BodPhl G bel Aol i i dendt BRung
58, both int epmdsstléusabemfgre ungérstood thatzmedessort&ﬂﬁ is operating as adquititaekingr ned
on to nove th ett rward,.in th ectl I
The. cassot t oPIBBRET chfiRd e Blobfi idolisteilin Serelerica I8 £, PET 4ae or RN e
by the out put:tvef laserdeaher 136; With dats saiglied teowghr thé dwo hhsjagt&élgitald:bomrtam of
sensor 69, no nt :of con s, 57 and .60 is stopped, a a slider
nmechani sm 149¥$€28%§P%?I§'89t‘§¥%{9 he twﬁgdqﬁpgpﬁ\@fogt%vgﬂaggq%l ch incl udes
transfer tabl'e conveghile tfdinventionhad besardéscribeadt ito prefepabidiTh @r eimbodiment
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 construction,
fabrication and use, including the combination and arrangement of parts, may be
made without departing from the spirit and scope of the invention.



2% “direction of arrow 102 along hol | ow'shafts 153, 154. /ﬁﬂlllml IH“’HHI"M'
«i's stopped with transfer table conveyor 60 in alignnent wilil LI

conveyor 61, the conveyors 60, 61 are turned on to nove cassefte 58 to the
front, opposite the direction of arrow 50. |If other cassettes are not
stored al ong the output conveyor 61, gyhis noverment is stopped when the
cassette has been brought to the front of the conveyor 61, to the position
in which cassette 166 is shown in FIG 5, as indicated by a first output
cassette sensgj 108 .Athgis poi nt, the cassette 166, with processed disks

49, is ready for ré’r‘%@g romthe disk texturing tool 37.

Continuing to refer to FIG 5, while this condition of readiness is
preferably communicateq to th t. . i Si hk: i bl e
i cat i om, the renpvat PoReLoRuE BbHE SR G Gieltidtid datal Iia SyBoeriled
general |y remqolaizsddtiasqgrdeaints, adrtainseid apties blockoomprisdse di sk texturing tool
37. Space is provided al ong. out conv r 61 for the starage of.a nunber
of cassettes 166 fill e W&??Pﬁﬁt%@é'@ﬁd&é%sea&é.sawﬂa?rsﬁﬁa'sgg?%tﬁgm %{f}rsf_hi s
out put syst endire2tibn Within aRISEticeHIdAR vithesHit @ptchl Pattng extendingrih aC paciiel,

out put conveyor 6 secqond version of this output system the first

. In
cassette to r%@ﬁ‘}ﬂ@ftff?@ﬁ?“ﬁ%\’mout put conveyor 61 is stored on a raised

_platform The og@driiation nitlank ispbédalonNGsadhaidbptical path fddBdntrdlling em
"W Il now be described. In this version a cassette 166 IS iting for

, T s
" renpval at t &R eutaukpoyrerdevel of said ' d@se\ﬁﬁéﬂ“tqﬂ@cﬁ?\dde%@ﬁmﬁﬂg ¥ di sks 49
~wi thin-another cassettgoRér Ustcehom/ribath dapbsud axeﬁgva»arsaﬁa dpticalupadiopn to

..nmove the cassette 166 rearward, in the direction of arrow 50. This glpvemant

i s stopped weteqting apraudput Powsr lavgbefan eutpetdases bgamedifastedthegetbaughdrasit put

.cassette Sensé&ﬁdéﬂ&uagi?ﬁ?neé?ﬁﬁh transfer table conveyor 60 in alignnment
w th output conveyor , both transfer table conveyor 60 and out put

conveyor 61 are turned on to nove cassettes 166 and 58 together to the

fron of conveyor of. MHELRIEHGKIRCIAR § StAPRRTsfhubior ekl Bifnphdsset L o

sensor, 168 detects" ence of cassefte nepessar?/, t process
i s repeated several tiawsariable retarder changing an angle of polarization of said polarized

; laser beam transmitted therethrough in accordance with an input voltage applied to
said variable retarder;

a polarizing beamsplitter receiving an input beam in said first direction
along said optical path from said variable retarder, wherein said polarizing beam-
splitter transmits a first portion of said input beam, having a first polarity, along said
optical path, and wherein said polarizing beamsplitter reflects a second portion of
said input beam, having a pblarity perpendicular to said first polarity, away from said
optical path.

3. The optics block of Claim 2:
wherein said optics block additionally comprises a quarter-wave-length
plate disposed along each said optical path; and
wherein a laser beam reflected back into said optics block opposite said

first direction is reflected away from said optical path by said polarizing beamsplitter.



until output conveyor 61 is filled with a queue of casslMﬂnsmmI“ﬂr"mnﬂIF
~49 whi ch have conpleted the texturing process. In each
notion of output conveyor 61, in the direction of arrow'0° i§ stopbed when
the rearnost cassette in _ _ 28 the
gueue reaches second out put cassette sensor 170, and the subsequent forward
noti on of output conveyor 61 is stopped when the forwardnost cassette in
the queue reaches first output cassetig sensor 168. The operation
of the second version of this output systemw || now be described. This
version requires an additional cassette lifting platform 172, which is
simlar to the plat#or mhsdoptRecblotik bf IOt 1 canery0sali7povadrddetetttinT he@t put
cassette sensor 174 Wth this version, the first cassette 166-to reach the
end of output “¥BRVEPor 61 is raised off the conveyor with lifting platform

- 172, to remainin a raas:&dm p@animglbeumspﬁnelrttrahsmrtﬁﬁ@a%nbm.ﬁéaepdr@éﬂ of an
operator Wth a c%ssei in the ral sed fOSltlon out put conve or 6l is

operated in bBlHMEARLE (4S5h e?\ﬂqlq"@cﬁﬁ‘“éﬁfdefgﬁ directing 2angi saicheptice! path from
cassette 166. salddfienitiBA niedrRCAR ré?%%ﬁﬁ%& Pafletd potiort 8684 gﬁerﬁ?emdté idsepded
ri

onto out put conveyor 61, thjis conveyor I's turned on to ve the
cassette forvReam awaydfrm seidaplica)paliyng t e arrow 50. This notion is

st opped when the cassehﬁmgd&%msg rrpb‘%é @gsgélﬁ ﬁéﬁe&ﬁ%&ﬁor}m.

When the disks in a thi cassette are co onveyor

turned on to ersau@ inte@nediateriasarhassm aad peedugingian arutipgt mmm Rpowtas ieus
when the secogpdedpssette is detected by second output cassette sensor 170.
Then both trans%er tabl e conveyor 60 and output conveyor 61 are turned on
to nmove the second and third cassettes forward, opposite the direction of

arrow 50, until theg seaBRdGAS el difeckifig %%h%%%e& DYadel el YinilithnE85HF bt ©

sensor 174.
opposite sides of a first disk being textured by pulses from said laser beam whetein

said apparatus compnses
~ a first beamsplitter dividing said laser beam into transmitted ‘and
L reflected beams; |
first beam directing means for directing said transmitted beam along a
first optical path and for directing said reflected beam along a second optical path;
attenuation means disposed along each said optical péth for controlling
an output power level of an output beam directed therefrom; .
power detection means disposed along each said optical path for
' measuring said output power level, and
second beam directing means for directing a first output beam along
said first optical path to a first side of said first disk and for directing a second output
beam along said second output second optical path to a second side of said first disk,
opposite said first side thereof.

Sheet Has Been Replaced

TN




.Again, this process is repeated until output conveyor 61 HHM‘ ml\m‘glﬂlm
«queue of cassettes hol ding disks 49 which have conpl et ed ' ,, *
process. In each case, the rearward notion of output conveyor 61, in the
direction of arrow 50, is stopped when the rearnpst cassette in the queue
reaches second output cassette sensor3d70, and the subsequent forward

noti on of output conveyor 61 is stopped when the forwardnost cassette in

t he queue reaches third output cassette sensor 174. These nobvenents occur
as the first cassette 166 appmbahs ohOlams&dwpbadd eanh 1se2d attenuation means

29 AL fﬁgxsé%oi'nt, I f the cassette 166 on platform 172 is renoved by
t he tool opera?o Wth one or nore cassettes renmai ni ng on out put conveyor
61, the conveyor 61 i s atvariaiid retardep canging drhangieat patarizatidn ef 4 polateddaskrof

t he conveyor tected firs tput cassette sensor 168. .The .

ol at form a7z St 8rtrobioh it aRHBesSAITE brT ElfG Fblg & Sric 1
The net hods desmabidbetdardbnve for handling cassettes provide the particul ar
advant age of not operating any .conveygr system 47, 57, 60, 61 jn sliding
contact with a cassetté.po%r{@réé??@ﬂﬁpm?ffSé'V&@SF“ﬂéWL@P@%‘“ﬁ?M‘FE‘?‘&%@B
noti on bet weealong kY Gfiticay pattneorh Hid farfdld Ritadder, WiRIr6ih Tafl pylatigiag bedrth

wear particles could otherw se contam nate the manufacturin rocess. of
which this teXRHRTiRnsmitsa %F portipg P? RaldRput beame havng &|f'f$tin°gaf8¥v ofg,83d

bel ts and CaSéﬁfchBFath,S ah@%?éﬁ%aid"?élaﬁﬁﬁé BEAMSSIitiRR feffdR s/ & X8EoME pbtioRVfNY
. likely to Iast_af ong as various other noving parts of the disk texturing
t ool 37. said inpytbeasms hayinga pelarityrpemandioular thsaid frst paladty; away frgm said
al ongsi de i npghtical yor 47 provides the advantage of bringing output
cassettes, holding disks which have

7. The apparatus of Claim 6:
wherein said apparatus additionally comprises a quarter-wave-length
plate disposed along each said optical path; and
wherein a laser beam reflected back from said first disk is reflected
away from said optical path by said polarizing beamsplitter.

8. The apparatus of Claim 5, wherein said power detection means
comprises:

a non-polarizing beamsplitter transmitting a transmitted portion of an
intermediate beam along said optical path from said attenuation means, and
reflecting a reflected portion of said intermediate beam away from said optical path;
and

a power detection transducer receiving as an input said reflected portion

of said intermediate beam and producing an output indicating a power level thereof.
. 1



gone through the texturing process, back to a place adummﬁl‘ “IJHIIEJHIE i
~where input cassettes are |loaded. This facilitates ser 7 by
personnel who nust both |oad and unl oad cassettes. Furtherforte, "additi onal

space for queuing cassettes along the conveyors is gained without having to
I ncrease the length of the tool 37 along the conveyors. The

precedi ng di scussion of the novenent o040 cassettes and di sks has focussed on
such novenment within right disk-handling station 38 of the |aser- texturing
tool 37. Thus, the various novenents of disks and cassettes described above
are used alone if the | &he agPaalyAldPRRg Sstation 39 is not available. For

exanpl e, the left disk- haaeih §8id Sfsthh@BetBiy diticaliRitayaitbriiten duid first bRam-
techni cal problem or sinply because cassettes have not been | oaded into

it. Further m)r%O““Sﬁ'"e#rﬂ@élﬂﬁﬁ%‘ﬂ'?”o‘?e'ﬂﬂépﬁ‘i%@ﬁ” pRd eaEliel has only a single
di sk-handling tool, whi ghelehn Qﬁﬁh@b?%ﬂééﬂdﬂﬁﬁiﬁ‘ﬁﬁ ?&@fu‘sf‘b@ﬁ?ﬁéﬁhﬁeﬁé?&éﬁis in said

Neverthel ess, in the preferred nethod of operation of the preferred
embodi ment of firsedipgction midyay betwesn, samhfu@haml secansvepsisal paths;

30 described with partgjﬁ e?i?éxﬂa%gfgﬁ&ﬂ éEPél%afcfblfﬂ fréﬁec?&ﬁb«gﬁagist—

di sk-handling station 3 ng station 3 are used in an
alternating fa@egreaanglemrewden@msembamb textured within |aser-texturing

station 40. Th f I d f
the present invention, %grég?esr%g f@ %M%%% d'ha%aéést%a st éﬂé%ﬁvg
general |y t he stufaceast wb@hasaldmranSrmﬁ@bedmsis tineated af a36315| degree,angle lof :
.various el ene { t 15N | |1 ' 39

being mrror ir‘héagé%eo%ﬁ %g?%@or%@ecﬁlé gg&?é%%o%ﬁ@?@?ﬁ%@% id?e?%g%
~right di sk- hanalb7Sgxlezfree angle ®8incidencpr ecedi ng di scussi on of operations.

wi thin right disk-handling station 38 is equally applicable to operations
~within left disk-
10. The apparatus of Claim 5, wherein said second beam directing means

includes: _ _

a first reflective surface directing said first output beam toward said first
side of said first disk, wherein said first reflective surface is adjustable to véry a first
radius on said disk at which said first output beam strikes said disk; and

a second reflective surface directing said second output beam ;oward
said second side of said first disk, wherein said second reflective surface is
adjustable to vary a second radius on said disk at which said second output beam’
strikes said disk.

11. The apparatus of Claim 10:
_ wherein each said reflective surface is pivotally adjustable on a stage:
being positioned so that a beam from said optical path, reflected at said disk, is not
retumed along said optical path, and
wherein each said stage is adjustable in a direction perpendicular to an

adjacent surface of said first disk.



h\asn'éll ing station 39, with rearward notions, in the di ' Lm“m‘ 50,
~remai ning the sanme, and with inward notions, in the'gdnmmm“ 102
continuing to be directed toward the center of the laser texturnd tdol 37,
in the direction of arrow 166, within left disk-handling station 39.
Simlarly, forward notions, opposite the direction of arrow 50 are in the
sane direction in both |left and rightqidi sk-handling stations 38, 39, while
outward notions in left disk-handling station 39 are opposite the direction

of arrow 166. {.thin disk-texturing station, 40 _right shuttling
mirror 138 is nount é&.gﬁheaawq,rﬁgs %f‘?‘a'é" li?%fm?rlfﬁ}ﬁw&’t'ovﬂa% a left shuttling
mrror 178. Mrror slidebédfn egparperatidghwhidisaid dddey bea dasmpsao famad r

of shafts 180, %\ﬂg& a _nmechani am ggerati ng general ly as descri bed above in
reference to FIEYdverpent ¥PAPEPd QPR 176 in its leftward position, noved

in the direction of arrfitstBdecugsingliendin saidifst optical pathlta susaiitirspaspng
t hrough power ,control aqptics, bl ock él%g h(gvi ng been derived fromthe out put
of infrared | 288M apgaidiirst sige fgaididisk. #dk 49, clanped on spindle 86 of

right disk- handling stakb@shdfocudSing’ RH: GyYShid S&RAHI dftidal Phthr @F foBlis dRidl 76
Is altemately noved into a rightward position, so that the |aser beans
passi ng t hr ouSRcPRARYPELRRIM ONS] sacandtide ofsaid diskect of f | eft shuttling
mrror 178, being directed to a disk 182 held by spindle 184 of |eft

di sk-handling station 39. In this way, the |aser beans enployed in the disk
texturing process afd. diecapparatus of tGlaim di2s ehereinreach: said fogussing lens is

‘r’n@ f‘;or‘agf': 1129 a?i}%idb@aléﬁg 84id oplital Pati tdr BB 5ELsING lexUNdRG tﬁér@ﬂwlﬁ%’aﬁmﬂ ng
Wi | e the abowplane pemendiculas ta saidapticakpall fordeam canteringgvithie Baidifeessing ng
two mrrors tgrgsl rect the | aser beans between the two disk-handling
stations 38, eg ‘a single pi voting mrror could alternately be used for

t hi s purpose.
14. The apparatds of Claim 5, comprising additionally:

_ third beam directing means for directing said first output beam along a
third optical path to a first side of a second disk and for directing said second output
beam along a fourth opticai path to a second side of said second disk: and

a movable mirror assembly movable between a first position in which
said output beams are directed therefrom along said first and second optical paths
and a second position in which said output beams are directed therefrom along said
third and fourth optical paths.

15. Apparatus for directing portions of a:laser beam simultaneously at
opposite sides of a first disk being textured by pulsés from said laser beam, wherein
said apparatus comprises:

: a first beamsplitter dividing said laser beam info transmitted and
reflected beams, wherein said first beamsplitter includes a reflective surface at a 45-

degree angle of incidence with said laser beam;



e ———————EETT

The operation of right disk-handling station 38, whic “ ed
~1 N some detail above, may be considered to consi st bagl‘“ﬂl‘l\mj \Hm!m!“)
di sk- movenent cycles alternating with texturing cycles,* wfer &i n"each di sk
novenent cycle consists of the novenent of one or two disks by
pi ck- and- pl ace nmechani sm 71, and wherein each texturing cycle consists of
the novenent of a single disk on the4spindl e 86. Whenever sufficient disks
are available for texturng to allow the disk texturing tool 37 to operate
at full capacity, each _di sk-nmovenent cle i ght di sk-handling station
38 occurs si nul t aneousd/" t'stt%erﬁlgtrggtoﬁ%ﬂ@g ?:%%Iséd%“'e? @‘F@e&r@ﬁ%ﬁ%&l"i”ﬁﬁa‘d
station 39, amdnsaitthd deark; reflectimgrsaicyaisenitdd bednt takkxadndalony & figt Sptital 94th39
occurs simult naeguil.x with a texturing cycle of right disk-handl-ing station
38. In this way? " 8 R the texturi ng process avail abl e through

~ operation of di n]t rar edI laaseeond S@etifg rrieko rrf}aﬂ?, a %Q@gﬂé%&@@%@&%&ﬁé& wgh
_process speed _aof the lgser texturing to . wever, en di sks to be
textured are Ay r%f??&ﬁd%ﬁa@'ff?@ﬁt'ﬁgég@fm&% begm Ieend gloag & sesAsd ggticat,
the other di spathapataliéldo shritfirftogiRal SRRThBERA firdt dikgdtigh; 1ts full speed.
Referring to FIGS. 5-7, a preferred version of the present invention

i ncl udes a ba@dode scanner 186 for reading bar code | abels (not shown)

pl aced on a side of a paguPbddin ditect irﬁé!ar‘is%ﬁﬁecﬂ{bri’ léfétﬂ%ﬁ?b@ﬁméﬁ@né’ﬁdthi S

feature, the conputing unit 70 execufes a programTelating bar codes read

by scanner 18%steptical Rath fa-2 tirst sige ptsaid first disk aadfesdiregtinna sespndbeutputheam and
-used by an in F%lgh ; ksl : :

The present |%’9gg%?§n£é§rah§|%£@h§ van?%’é@am&%g?nﬁc@ , Skaoeldﬁc%'@iﬁ{ﬁy%és#d
flexibility. oepasitpsaiddirstesidertheecefi operation, both disk-handling stations
© 38, 39 are simultaneously used as descri bed above, maxi m zing the rate of

production for the laser texturing tool 37. The use of |aser 108 is

optim zed, with varl@®u3heiappamtusdfiGlginpthodwesais said cutmi bdamlidireating inegns

station 38, 3Q.pgeirring while a disk 49, 172 in the other disk-handling

station is being exposed to the | aser. The use of separate disk-
a first reflective surface directing said first output beam toward said first

side of said first disk, wherein said first reflective surface is adjustable to vary a first
b radius on said disk at which said first output beam strikes said disk; and

a second reflective surface directing said second output beam toward
said second side of said first disk, wherein said second reflective surface is
adjustable to vary a second radius on said disk at which said second output beam

strikes said disk.

17. The apparatus of Claim 15:
wherein each said reflective surface is pivotally adjustable on a stage;
being positioned so that a beam from said optical path, reflected at said disk, is not
retumed along said optical path, and
) wherein each said stage is adjustable in a direction perpendicular to an
adjacent surface of said first disk.

This Sheet Has Been Reilixlced '
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reduced rate using the other disk-handling station. A sindle"di &k-handl | ng
station 38, 39 can also be used, if desired, when untextured disks
sufficient for the use of both stations are not avail able for the process.
Referring again to FIGS. 5 and 5B. th43 precedi ng di scussion has described a
met hod for texturing disks using a | aser beam system whi ch has been

manual | y adjusted to provide a certain overall power at a single beam 135
and for bal anci ng tHe The abpanetsidfanrined sl campyisarddiianallys ng t he singl e

beam 135. The |aser beé@e%%%ﬁﬁr{?e\‘.tﬁ#ohgﬁ NHIG ¥ailGasi&tindin PhsdON fé}wﬂga or €
| aser power than necessary iIn e singl& beam 135 and by subsequently

adj ust i ng eacHightwdiveent expandedbermief i ned by a set point, so that each
beam 136mis attenuate Mg) bUSE Bfé&? ) i ng
liquid crystal vari abl %fﬁrj%itfgél%grﬁb%@%w@éﬂﬁ@to ur ?%@r%‘r’%&%&qﬁ%ﬁ é'?@gg
ver si on of tHeeam essaid firstside obsaid diskudmd aut omatic means for initially

maki ng the | aser power i -S. an j ind NQ. dj S.
FIG 10 is a bl ock di a%?%?#‘i‘# '@%%g&,@p%ﬁéfg@ ?%‘?ad"?dj&%éc%r ﬁé&‘aﬁ"d*‘#@%%&. ni ng
t he power i n secbadeutput bgama dresaid d@Sondadideobsdid disknt | evel . Referring to
FIGS. 5B and 10, inputs to the subsystem 200 are provi ded by the outputs of
a |l aser power detectors 1 36j, which have previously.been discussed in
reference to FI G 5f3. Thelapphraths of Oains u1s; switdreinpoaetr sald focassing defisedsm
136m The out pyt of each detector 136j .is fed into an analog.to diqital
convert or 2021,%'%%"? ﬁ@"ﬂ&?lﬁ{ﬂ p%@'ﬂ%"ﬁ%@cﬁ’%@%?&%@ﬂ&%?ﬁ%& ly
provided as IZplank pefitidiculdr to eaidopticaPpdth fartsean éartbing wiltin sBidfotassirand
data information is stored in a random access nenory 207 of the
mi crocont r ol 11898-206. Qperator inputs to the mcrocontroller 206 are
provi ded through a keypad 208, while programinformation is typically
| oaded into the microcontroller 206 through a magnefjc diskette 209. A
di spl:ay unit 210 i 2%l Se appRiatisel Glaim de.comps pﬁ${d§‘°ﬂag¥nthe
m-crocontrol l er 206. TifddhRidireRanRd eahs IdrirBttingsaidfifst Blitpat b&AiR aling a
i ndividually connected to digital to anal o%. convertors 212. The out put . of
<each’ third optical path to a first side of a second disk and for directing said second output
beam along a fourth optical path to a second side of said second disk: and
a shuttling mirror assembly movable between a first position in which
said output beams are directed therefrom along said first and second optical paths
and a second position in which said output beams are directed therefrom along said

third and fourth optical paths.



33" digital to analog convertor 212 drives an input of a function generator
I37, which in turn produces a 2KHz square wave function having a vol t age
determ ned by the output voltage of the attached digital to anal og
convertor 212. As previously described iqmreference to FIG 5B, each
function generator 137 drives a liquid criystal variable retarder 1 36D,

whi ch variably attenuates the power |evel of an associated | aser beam 136m
FIG 11 is a flowopragARAPPARANUSIFORIYALBEAN LASER FEXTURING! r ol | er
206. This program can operate in a teach node, a set point node, a nonitor
~nmode, or a run node. The system operator determ nes the node in which the
systemis placed, indicating his choice by neans of the keypad 208 (shown
in FIG 10) ABY*AGdde is entered froma start point in block 218.

Referrng to FIGS. 5B, 10, and 11, in the teach node, which is entered with
an affirmative determ nation in block 220, the mcrocontroller 206 reads

h f N 1 [ . | £, L Vi
amch o goner at oy Gk Btk 6 004d, FoSbERRI % bREiAIARAN Bt th B abller
retarder 13?9@15&030% Sidedbt Nhdrifie! BKET DREAYI I3 GHBRE iME 2l BRUSAHe tdxBuridpe

first segne the teach node, several initialization functions are
performed, \Wrédesid easdtesAde tisrouge twd diskhasdlite dtationh S871B90! Al opfi€alisystbinock
..222, with a counter being reset to zero in block 224, and with the out put

* vol t age | evahclhadestaHesef 108 wdirected) ethe beantsplittd 71 180 splitshe laser beami inta tvad beasisue
of 2.33 nv in block 226. Next, a _programloop is entered, with a
30ms (mi || i devisgdpprxingtelynpovesc wvhzczearsrdmctyg radong; prsalic pathe chrough adpewer 36h

Egbféf"b’d s fomegayics bk A8 Brodhe Ahstsdis %p%ﬂé'se?%?ééﬁdil i o
Then, in b Al bt Catork Y RERRTe TS et Sk Rackd M8 horini) B

has reached of the two beams. A shuttling mirror 134 directs these two beams alternately at a disk

within each of the two disk handling stations 38, 39.

Fig. 5



4096 This exenplary val ue represents a pre-determned |level at which the
teach node is deternmined to be conpleted. If t his val ue has not been
reached, the systemreturns to block 228, to repeat the process of
neasuring a | aser power level and increnentally increasing the drive
voltage |l evel. Each tine this occurs, the neasured

34 drive voltage and drive power Iéb@? associated therewith are stored as
correspondi ng val ues of a |ook-up table being built in nmenory 207.

After the end of the teach node has been reached, as determ ned in bl ock
236, a further determnation is made in block 238 of mhethe23¢he oper at or
has chosen to displ a aph of powgr versus driving t age.

the systemret
which is enterg
the operator c ' esired for a | aser power set p0|nt

t hr ough the keY-pAd X " hen det er ni nes Fé@l \Z‘c;l t age
associ ated wt PO e | ook-up table nory
207. The 12-bi i S drive voltage to the
. ? 212. The operé%%%&?gn/ggﬁ?orm
this routine 4@Loft-‘ g the systemis properly set up.
Thus, the set point node is started ifg)bl ock 244, as a screen for this node
is shown on display unit 210. The systemthen waits, ‘gg_ng .36)0(@8 a |l oop
from deci si on bl ock ]@:E; he operator to enter a Séet\poi(nt v Iue(}ﬁ%en

such a val ue has be the system in block 248, /fi he dryive
vol tage associated with '

FPRIOR ART
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this set point value. In block 250, this drive voltage is applied to the
function generator 137. In block 252, the power of the corresponding |aser
beam 136mis read, to be displayed through the display unit 210 in bl ock
254. The systemthen returns to start point 218, The nonitor node
Is used to determ ne variations in the output power of |aser 108 (shown in
FIG 5) with tinme. Thus, after the n@ui@Qor node is entered, as determ ned
by an affirmative determnation in block 256. a timer is started in block
258. A laser power level is read in block 260 and stored in a power table
along with the tinme, fromthe tiner, at which it is produced. Until a
pre-set tine out tine value is reached, as indicated by an affirnmative
determnation in block 262 the neasure-

35 nent and storage functions of block 260 are repeated on a periodic
basis. Wien this tinme out condition has been reached, the tiner is stopped
in block 264. Next, a determnation is made in block 266 of whether the
operat or has indicated, using the keypad 208, that a graph show ng the
variation of | aspQpevErewth time is to be displayed. Thik, ogn affirmtive

determination i% KDAREIB6N es W has didsplay §‘|Ch dxaph on

di spl ay unit Zlg;i nf bl fock KGB"LgRWNN;)kmg‘ eratY of tpe |ase {g
texturing t eed=SZtt AN ; pfajidap—spra—amd /. \\hen
the run ggds | ek | "IN AN

bl ock 25% § t thql paval.bl\n Hpaesfhave—teenfetHr{mar g
point, t tlle ock&e [ A\ a N\agel p r et pof nt {pliey!l %8
determ ne ug Fat-HSfi-H—tHHeset—porrt—ppde—ch S dee-h the
drive volt agg A hefuncty ol g ndi R@

| aser beam [IH RIS B Y slemwieh o o HED ?§u3
correspondi Y roywer, %EEEEE T%SE?__76F TTTHRFFEE FF
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1 36j. If the |laser beam power is outside predetermned limting values, an

alarmis sounded,
the run node,

data can be derived,

and the tool
the systemfirst determnes,
process shutter 1 14 (shown in FIG 5) is closed. If it
SO the systemreturns to start point 218 w thout

37 is placed in a paused node. I n
in block 272, whether the
is closed, no new

changing the set point. If the shutte3/9s not closed, as indicated by a

negative d
in block 274 w ¥h; a
correct the | [

nation in bl

Y
pOkl’ asure

the set poin Vs
in the set pgf nt FoaE
actual |aserfpowel ip re
must be w t 0 pré- ter
determ ned ipp bl odk [278,
I s sounded ifitoTk284;
di spl ay uni tfREXe~Halbkat
FIG 4) is { R
38 4. The tijc

conpri ses:

al ong said I cal

path fromsaid

272, the function generator 137 is driven
age determ ned by the mcrocontroller 206 to
n a previous pass through this routine to
he fi pass, a set point voltage as determ ned

d for this purpose). Next, in block 276, the

To continue running the system the |aser power

hed LS. If this power is too high, as
il 5

etermned in block 280, an alarm
he power reading and set point are displayed on

282, and the laser texturiing tool 37 (shown in
nmode in block 284. Frgmtlhis point, the

i pover ddt ect(FGmeans

i pn

ock of Claim wher ei Qd
a noQ- ‘erizing ﬂgpl tter\tg4qnsnmittingfa transmtted
portion ofléﬁ;‘?nternediat ser ,heam dfre¢ted i'n gaid firgt direction
/b Kruay i

N

b\

/36h
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NG [ 136

N
AN
L
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means, and reflecting a reflected portion of said internediate | aser beam
away fromsaid optical path; and a power detection transducer
receiving as an input said reflected portion of said internediate |aser
beam and produci ng an output indicating a power |evel thereof. 5.
Apparatus for directing portions of a |aser beam sinultaneously at opposite
sides of a first disk being texturddSy pul ses fromsaid | aser beam
wherein said apparatus conpri ses: a first beansplitter dividing
said | aser beaminto trg@i | tted and refl ected beans; first beam
directing neans for dir Eh%gsaid transniiéfd amalong a first optical
path and for directing sai cted A &ng second optical path;
attenuation neans di sposed al ong each afd Optifcal] path for controlling an
out put power |evel of an o beam [ e t herefro power

gﬁéo% ' an &Zﬁ%asur I n

di

detecti on neans di sposed al ?Lh‘;ﬁ g said
out put power |evel, angd40p n ans for directing a
a fd aSi de of said

first output beam al ong sai
g sald second

first disk and for diregtg
7 . . . .
fg§f¢25a| d first side

optical path to a seconbsd
t her eof .

136m-, 9 =
2 At Il ImAl  mze
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37 What is clained is: 1. A power control optics block for
bal ancing the power in a pair of parallel polarized |aser beans, wherein
sai d optics block conprises: an optical path through which

each said | aser beamis directed in a first direction within said optics
block, with said optical paths extend®d@in a parallel, spaced-apart

rel ati onshi p; attenuati on neans di sposed al ong each said
optical path for controlling an output power |evel of said polarized | aser
beam di rected therethrough,; power detection neans di sposed

al ong each said optical path for detecting an output power |evel of an
out put | aser beamdirected therethrough fromsaid attenuation neans.
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2. The optics block of Cdaim1, wherein said attenuati on nmeans conpri ses:
a vari abl e retarder changing an angle of polarization of said polarized

| aser beamtransmtted therethrough in accordance with an input voltage
applied to said variable retarder; a polarizing beansplitter
receiving an input beamin said first direction along said optical path
fromsaid variable retarder, wherein&&@d pol ari zi ng beam splitter
transmits a first portion of said input beam having a first polarity,

al ong said optical path, and wherein said polarizing beansplitter reflects
a second portion of said input beam having a polarity perpendicular to
said first polarity, away from? j d @@i cal p?Ou. 3. The optics
bl ock of Caim 2: erelnysaid optics blofk additionally
conprises a quarter-wave- gth plate digyposedq al ong each said opti cal
pat h; and _ gx? I n | aser bgamref| ected RQa into said optics
bl ock opposite sai I rst

on is reflected away from said optical
path by said polarizi ngZ | \

38 4. 9he- 0| DNONDRSCR] ! wer detection
means conpri ses: neh- I ! transmtting a
transmtted poriggn of ' ' I n pe first

di rection anngEggra\g | path from %zg
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said attenuation neans, and reflecting a reflected portion of said

I nternmedi ate | aser beam away from said optical path; and a
power det ecti on transducer receiving as an input said reflected portion of
said internedi ate | aser beam and produci ng an output indicating a power

| evel thereof. 5. Apparatus for directing portions of a |aser
beam si nul taneously at opposite sides'AfQa first disk being textured by

pul ses from said | aser beam wherein said apparatus conprises:

a first beansplitter dividing said | aser beaminto transmtted and

refl ected beans; first beamdirecting neans for directing said
transmtted beamalong a first optical path and for directing said

refl ected beam al ong a second optical path; attenuati on means
di sposed al ong each said optical path for controlling an output power |evel
of an out put bean1directQﬁCRBengfron1 power detection neans

di sposed al ong each said optical|\ gath~for "heasuring sai'd out put pover |

| evel , and "“““‘?cond begm dfrecting neans f difectipg a fLrst
output beagze%? 6%%7VWWXEEF§ oY d first
di sk and f I re ng a decong

Bean saidl sec t put §econd
optical path to a second si de of |bi, opposi te sajyd flrst|5|de
t her eof .

appar at us é’%}i\_ﬁ‘sﬁwﬂan ac n2p conég?eg
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a variable retarder changing an angle of polarization of a polarized | aser
beam transmtted therethrough in accordance with an input voltage applied
to said variable retarder; a polarizing beansplitter receiving
an input beamin said first direction along said optical path fromsaid
vari able retarder, wherein said polarizing beam splitter transmts a first
portion of said input beam having a8f@ st polarity, along said optical
pat h, and wherein said polarizing beansplitter reflects a second portion of
said input beam having a polarity perpendicular to said first polarity,

away from said optical path. 7. The apparatus of C aim6:
wher ei n sai d—apparatus—additionally—econprises—a—guarter—wave-—tength—ptai e
di sposed al dngedach sai dNepti cal #at h; and wherein a | ase
beam refl ectiedo@ack fromMaid fig3t disk is &l ected away from said
optical path by éakq“pol Nei\ng plitter : e appakatus of
Claimb5, whdgrein sai power__d tagﬁﬁgg‘ﬁﬁans Loyt i ses:
non- pol ari zijng bepdspl itk e tRansy Al a tfar n
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reflecting g reflE | DT | 3% yhter
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out put i ndi daghng a powegy ! evgl, t hereof. QO
5 8 %% $ e N
N NP
N 3 = m
% < E‘s&l(\ >~ §§UQ4 s
X %§§ S N
§ | =
L)
<
“~ Ej
%MQ
XY N
QS RS
Q‘MQ DI
SRR -
O
X N 5% .
N
Q k&
R
¥ 3
N\
N

FIG. A



42 a first steering mrror having a 67.5-degree angl e of

I ncidence with said transmtted beam reflecting said transmtted beamto
extend along a first optical path in a first direction; a
second steering mrror having a 67.5-degree angle of incidence with said
refl ected beam reflecting said reflected beamto extend al ong a second
optical path, parallel to said firgydgptical path, in said first
direction; and out put beamdirecting nmeans for directing said
transmtted beamalong said first optical path to a first side of said
first disk and |for directing said reflected beam al ong said second opti cal
path to a second side of said first disk; opposite said first side thereof.
16. The apparfatus of CTaim 15, wWherein_sal d oyt put beam directing nmeans

I ncl udes: a1 eftegti ve surAace difecting said first dutput
beam toward said first side of | 4 wherein said first

refl ective surflace i s adjustab ' radi us on said dijsk at
which said fir ' ' S a_second
reflective surface
side of said fijrst
adj ustabl e to Mary:
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r‘adf us on said disk at which said second=eut put beﬂm&bﬁ§tkﬁ9 pageshidhs khaged -

17. The apparatus of Cl aim 15: wher ei n?eﬁthgﬁgp reab&PEbNE paged .=

surface is pivotally adjustable on a stage; being i poshidg@edassd Lhab Bged ...
beam from said optical path, reflected at said df gk, ::8,400 TobY ne_éﬁ_‘_&g

said optical path, and wherei n egch said! stage i's adjuStable i'n“a

di rection perpendicular to an adj acent urface pf _said.fLirss disk
41 ' 12. The a Pr,at us, of, d ai , comr%&.ﬂ%ﬁﬁh@h& _,'3!’?,11-,.._.,_,
a beam ex nast PPWFba'Sﬂﬁ Iing BhIse dFRtions dhé shere-op diadual aseromefsrag beglierad
di vergent expanded beam o a first focussing lens_in said first
optical pdvhvarpingdbedasenbepm jineJinaion seletivectorthe diskugfacs. r On & jaggergealsathe
di sk; and a second focussing lens in said second optical path
to focus duiquesmoaifiringithelssehdarombimmtivnl vathatiskdrogitivealspesheahtmissthe pattern
13. The apparatus of Claim 12, wherein each said focussing lens is
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 laser textured media.
SUMMARY OF THE INVENTION

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

According to one aspect of the present invention there is provided a power control
op'tics:block for balancing the power in a pair of parallel polarized laser beams, wherein
‘said optics block comprises:

an optical path through which each said laser beam is directed in a first direction
within said optics block, with said optiéal paths extending in a parallel, spaced-apart
relationship;

attenuation means disposed along each said optical path for controlling an output
power level of said polarized laser beam directed therethrough;

power detection means disposed along each said optical path for detecting an
output power level of an output laser beam directed therethrough from said attenuation
means.

According to another aspect of the present invention there is provided apparatus for
directing portions of a laser beam simultaneously at opposite sides of a first disk being
textured by pulses from said laser beam, wherei-n said apparatus comprises:

a first beamsplitter dividing said laser beam into transmitted and reflected beams;



adj ist abl e al ong said optical path for beam focussing extendi ng

t heret hrough and in a plane perpendicular to said optical path for beam
centering within said focussing | ens. 14. The apparatus of Caim
5, conprising additionally: third beam directing nmeans for
directing said first output beamalong a third optical path to a first side
of a second disk and for directing said sefBnd output beam along a fourth
optical path to_a second side of said second disk: and a
movabl e nmirror Bstheas dirgelingymeansdondisectingrspidstranswitiad; keam glong p distsatigal

out put beans are directed therefromalong said first and second opti cal

pat hs and pethhardbfed direeting said xefleofind bpam along eseeand optiestpativ e di rect ed
therefromalong said third and fourth optical paths. 15.

Appar atus for ditteaoationgmpanst disprsed hlomg| casle sail epticali path farnmatsllingain ogpasi t e
sides of a first disk being textured by pulses fromsaid | aser beam

wher ei N saioiver V21 8f atbopiiichitditected therefrom; @ first beansplitter _
dividing said | aser beaminto transmtted and refl ected beans, wherein said

first beanspl i tweéiqe@écuqﬁ%n@mg &fidppsdd ¥Bng CadiPGRd dptifal Path ARILESuARG'sGidO

I nci dence with “sal aser beam
42 a, first . steering mrror having a 67.5-degree angl e of
i nci dence %tq%pgglleﬁlewgﬁgqﬁ tted beam reflecting said transnmtted beamto

extend along a fir optigal .path
X g selcorf bezgnlcﬁrec ing means for directing a first output beam along said first

optical path to a first side of said first disk and for directing a second output beam along
said second optical path to a second side of said first disk, opposite said first side thereof.

According to still another aspect of the present invention there is provided
apparatus for directing portions of a laser beam simultaneously at opposite.sides of a first
disk being textured by pulses from said laser beam, wherein said apparatus comprises:

a first beamsplitter dividing said laser beam into transmitted and reflected beams,
wherein said first beamsplitter includes a reflective surface at a 45-degree angle of
incidence with said laser beam;

- a first steering mirror having a 67.5-degree angle of incidence with said
transmitted beam, reflecting said transmitted beam to extend along a first optical path in a
first direction;
a second steering mirror having a 67.5-degree angle of incidence with said
reflected beam, reflecting said reflected béam to extend along a second optical path,
parallel to said first optical path, in said first direction;

and

REPLACEMENT SHEET

Vw FEB WA\\

L




inafirst direction; a second steering mrror having a
67.5-degree angle of incidence with said reflected beam reflecting said
reflected beamto extend al ong a second optical path, parallel to said
first optical path, in said first direction; and " out put beam
directing neans for directing a first oufput beam al ong said first optical
path to a first side of said first disk and for directing a second out put
beam al ong said secand oyt put second.optical path to .a second. side of_ said
first di sk, opfblpticeam sireting meansfof fupeige, Said transmified begm afong RISt us
of Claim 15, wherein said output beamdirecting neans includes: .

a first rebtiseltnafetosa firshside @if saidifirgidiskaang for directingtsgig reBecied beama along said
first side of said first disk, wherein said first reflective surface is
adj ust abl eetandvaptigalopath tosa sacand sie ofi said ifigist diskkoppositdh$add fisst side thareaf. out put
beam stri kes said disk; and a second reflective surface
directing said second outBREEFPESCRIFFION OF THE ®RAWINGSe of said first

di sk, wherein said second reflective surface is adjustable to vary a second

radius on said el jh o viby bR A iRERANSbrAMS B4 pRGAR SK 1h0S wiifclddk o

17. fThe appar at us of ai m 15: _ erein each said reflecti vg
From sai o SRERE Raipler HdihF R Blofed LR ARLIR: CAE dHLBIEH, 28 dillndiclZ0"

optical path, and wherein each said stage is adjustable in a
di rection %‘?’pendi cular to an adjacent surface of said first disk.

FIGS. 2 and 3 are transverse cross-sectional views of individual textured spots,
which form examples of spots which may be made using the apparatus of the present
invention, with the spot of FIG. 2, being formed particularly according to the method of

U.S. Patent No. 5,108,781, and with the spot of FIG. 3 being formed




43 =~ 18. The apparatus of C ai,';mi;_1“5,_|__corrpri sing addit YA
a beam expander through whi ch sai di:l dset’ ‘bedm.passes to fornﬂﬂmil Hj‘l!“uu "l“l
di vergent expanded beam a first focussing | ens Saly t e

optical path to focus said first output beamon said first side of said

di sk; and a second focussing lens in said second optical path
to focus said second out put beam on said second side of said disk.

19. The apparatus of Caim 18, wherein each said focussing lens is

adj ust abl e al ong sai d optical path for beam focussing extending
therethrough and in a plane perpendicular to said optical path for beam
cent eri ng 4 t hi FheseptisfieckdiGlaim byygherein said power defectippaneans SpmpLisesof C ai m
15, conprising additionally: third beam directing neans for
directing said d nos{polanzingt beamaplitidrdrapsmitting a draopuitted l[popiniofian iaterinedintesi de
of a second disk and for - directing said second out put beamalong a fourth

optical paafertieaih aReaed issald fixkt daédioneslonysald Mpticalnshth from said attenuion
shuttling mrror assenbly novabl e between a first position in which said

out put beayBaR! EndlidrRetifs alrBRE@Ed PoRtiBh VT GaRdiGhirhidifte 1842F bOAR WAy TRbrh Gald
pat hs and a second position in which said output beans are direcCted

t her ef romgﬂuggppﬁﬁ\iagldt hird and fourth optical paths.

a power detection transducer receiving as an input said reflected portion of said
intermediate laser beam and producing an output indicating a power level thereof.
5. Apparatus for directing portions of a.laser beam simﬁltaneously at opposite sides of
a first disk being textured by ptﬂses from said laser beam, wherein said apparatus
comprises: |
a first beamsplitter dividing said laser beam into transmitted and reflected beams;
first beam directing means for directing said transmitted beam along a first optical
path and for directing said reflected beam along a second optical path;
* attenuation means disposed along each said optical path for controlling an output
power level of an output beam directed therefrom;
| power detection means disposed along each said optical path for measuring said
output power level, and
second beam directing means for directing a first output beam along said first
optical path to a first side of said first disk and for directing a second output beam along

said second optical path to a second side of said first disk, opposite said first side thereof.
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a first steering mirror having a 67.5-degree angle of incidence with said
transmitted beam, reflecting said transmitted beam to extend along a first optical path in a
first direction;

a second steering mirror having a 67.5-degree angle of incidence with said
reflected beam, reflecting said reflected beam to extend along a second optical path,
parallel to said first optical path, in said first direction;
and

output beam directing means for directing said transmitted beam along said first
optical path to a first side of said first disk and for directing said reflected beam along said
second optical path to a second side of said first disk, opposite said first side thereof.

16.  The apparatus of Claim 15, wherein said output beam directing means includes:

a first reflective surface directiﬁg said first output beam toward said first side of
said first disk, wherein said first reflective surface is adjustable to vary a first radius on
said disk at which said first output beam strikes said disk; and

a second reflective surface directing said second output beam toward said second
side of said first disk, whereinl said second reflective surface is adjustable to vary a second
radius on said disk at which said second output bean,i strikes said disk.

17. The apparatus of Claim 15:

wherein each sa1d reflective surface is pivotally adjustable on a stage; being
positioned so that a beam from said optical path, reflected at said disk, is not returned
along said optical path, and

" wherein each said stage is adjustable in a direction perpendicular to an adjacent

surface of said first disk.
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