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08/ 150, 525, filed Novenber 10, 1993, entitled "Procedure Enploying a

Di ode- Punped Laser for Controllably Texturing a D sk Surface,” by Peter M
Baungart, et al s, having a commopn assignee with the present invm, !é

di scl osure of which is hereby incorporated_by reference, descri

process for creating a "distant bunp array" surface texture in a nagnetic
recordi ng di sk for reducing stiction, together with the disk so textured.
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APPARATUS FOR LASER TEXTURING DISKS

CROSS-REFERENCE TO A RELATED APPLICATION

A co-pending U.S. application, Serial Number 08/150,525, filed November |

10, 1993, entitled “Procedure Employing a Diode-Pumped Laser for Controllably
Textu.iring a Disk Surface," by Peter M. Baumgatrt, et al., having.a common assignee
with the present invention, the disclosure of which is hereby incorporated by
reference, describes a process 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 preselecfed 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.



other solid-state laser that is pulsed with a 0.3-90 nanosecond pul se train
to produc® a plurality of distantly-spaced bunps in the disk surface. The
bunp creation process is highly controllable, permtting repeated creation
of a preselected bunp profile, such as a snmooth dinple or one with a

. central protrusion useful for low stiction w thout close spacing or
~elevated "roughness." Sone bunp profiles pergit texturing of the

dat a- storage region of the disk surface for Iow stiction without materially

affecting magnetic data st oBAGKGEROUND.OF THE INVENTION
-2- BACKGROUND OF THE | NVENTI ON

Field of the Invention This invention relates to apparatus for
fabricating a disk, such as a mgRgiiiGiies Mvlidigndi sk used in a conputer
hardfil e, having a surface t-extur%‘p‘b‘?ﬂwro a pul sed | aser, and,
nore particularly, to automated apparatus for noving a nunber of such di sks
through a station_in which su texturing occurs, . ) )
Backgr ound | nf or naJH%'HVG"“m re.?aQes ?‘tﬁ?ﬁ’%rﬁﬂfsr{gf’ ﬁﬁﬁﬁce"m aglisk, sugh gs édnageetic
Start - Stop rédaringisk asedi 8conputer Tl RaViRA% suiffd felruirsd By ¥ipotlité o
data, to contact ‘the surface of 'a magnetic dis : _ '

a pulsed laser, and, more particularly, to automated apparatus for moving a number

of such disks through a station in which such texturing occurs.

Background Information

Current hardfile drives use a Contact Start-Stop (CSS) system allowing a
magnetic head, used to read and write data, to contact the surface of a magnetic disk
in a specific CSS region when the disk is stationary. Thus, before the rotation of a
spinning disk has stopped, the magnetic head is moved to the CSS region, where the
magnetic head settles on the surface of the disk. When the disk again starts to
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 i'egion is preferably
textured to minimize physical contact between the magnetic head and the disk
surface. In this way, the contact stick-slip phenomenon .often called "stiction" and
other frictional effects are minimized, along with the resulting wear of the magnetic
head surface. Outside the CSS region the remainder of the disk surface preferably
retains a specular smoothness to permit high-density magnetic data recording.



in a specific CSS region when the disk is stationary. Thus, before the
rotafion & a spinning disk has stopped, the magnetic head is noved to the
CSS region, where the nagnetic head settles on the surface of the disk.

- When the disk again starts to rotate, the magnetic head slides along the

| disk surface in this region, until the lamnar air flow at the disk

i surface, due to its rotation, fully lifts the-magnetic head fromthe disk
surface. After the magnetic head is lifted in this way, it is
noved fromthe CSS region to andleferpliagiofthe,PrionArdi sk to read and wite
data. The CSS region is preferably textured to m nimze physical contact
bet ween the nmagnetic head and the disk surface. In this way, the contact
stick-slip phenondr&rPatentNoc &l,062/02%} focRanjah etral., adseribés aqirooess ireWhieht s
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by laser power and firing pulse duration. The shape of individual laser spots can be
ailtered by varying the laser beam inclination relative to the disk surface. On a larger
scale, the frequency of firing the laser, in combination with disk rotational speed
controls the pattem 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.
M E ]

In accordance with one aspect of the invention, there is provided equipment
for texturing a disk including a ceﬁtral round hole, a circular periphery, and flat,
parallel sides. The apparatus includes a cassette, a lifter, an indexing mechanism,
a laser, an optical system, a spindle, and a pick-and-place mechanism. The cassette
includes a nurhber of pockets, each of which is open at a first end to allow the
insertion of a single such disk. Each pocket also includes a lifter access opening
opposite the first end. The lifter is movable through the lifter access opening in a
pocket to engage a disk within the pocket. The lifter moves the disk through the first



" central round

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 beaminclination relative
to the disk surface. On a larger scale, the frequency of firing the | aser,

. in conbination with disk rotational speed controls the pattern or
~arrangenment of |aser spots. The snooth, roupded contours of the depressions
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these sub-beams to travel parallel to one another. Each disk-handling station
includes an exposure station in which portions of the opposite sides of the disks are
exposed to the sub-beams. The shuttling mirror assembly, which reflects the first and
second sub-beams, is movable between a first position, in which the sub-beams are
directed to travel toward the exposure station of the first disk-handling station, and
a second position, in whicl'in the first and second sub-beams are directed to travel

toward the exposure station of the second disk-handling station.
IEE DE N OF THE DRAWIN

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

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

particularly according to the method of co-pending U.S. Application, Serial No.
08/150,525.



mechani sm noves the disk fromthe first disk transfer point to the second
di sk’transfer point. The | aser produces a pul sed | aser beam I n
accordance with another aspect of the invention, there is provided

equi pnent for texturing a nunber of such disks. The apparatus includes a

| aser, a beansplitter, a beamsteering mrror, first and second
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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.

DETAILED DESCRIPTION

FIG. 1 is a plan view of a portion of a disk drive unit from the 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 unit is in operation, disk 10 is rdtated about its central hole 14, forming élaminar
flow of air holding mé.gnetic 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



- 5- ~ FIG 4 is an isonetric view of a |aser disk texturing tool
built in accordance with the present invention; FIG 5is a
cross-sectional plan view of the tool of FIG 4, taken as indicated by
section lines V-Vin FIG 4 to show disk-handling and | aser-texturing
stations thereof; 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 to show nmechanisns used to handl e cassettes hol di ng disks for
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is driven in a generally radi Irection relative to t by means
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can be made usi apparatus of the present. invention. en _the disk
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~form ng a methodadf thereséntinvehidili Nng magnetic head 12 slightly away from
: the adjacent disk surface 16. Before this rotation is stopped, nmagnetic

head 12 is dri veflQG.;2 showsjapertionod adisksurfaceroughened byctedpriarsad methed
surface ofy Qli¥ty'Rangdh, b af, il GXs! Phdr b, 8% 034'Y 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 pait of the surface material is melted and then rapidly
cooled, changing the surface topography to include a generally round central
depreséi.ion 24 below the nominal surface plane 26 and a generally round peripheral
ridge 28 above this plane 26. The process described by Ranjan, et al. produces a
ring of textured spots of this kind by repeatedly firing a laser as the disk being
textured is rotated. The laser is then displaced radially through 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 individual textured spot is determined 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, compared



stops, the frictional and stiction effects occurring between the surface of
annuffar ’ region 18 and the adjacent contacting surface of magnetic
head 12 are minim zed by the textured nature of the surface of this region

18. Subsequently, when the rotation of disk 10 is restarted, these effects

are again mnimzed, as the rate of rotation of disk 10 increases until the
| am narflow of air near its surface |ifts the adjacent surface of nmagnetic
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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, 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
placed on a slanted control panel 43. Since the infrared laser used in the texturing
process produces invisible, potentially-harmful rays, a laser-texturing station 40 is
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 tuming a mode switch (not shown)
on control panel 43. Two television cameras (not shown), mounted within the laser-
textuﬁng 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 openéd or closed at any time, even during the operation of the texturing



which the laser is fired. together with the pulse width. The distance
bet ween teéxtured spots on the ring is determned by the rel ationship
between the rate at which the laser is fired and the rotational speed at

" which the disk is turned. FIG 3 is a transverse cross-sectiona
profile of a |laser textured spot produced using the nethod of the
previ ousl y-descri bed co-pending U S. Patent Application, Serial Number
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on a slanted contFi@. @Rretrobs-sagtional ide elgvationativieasef thested! ohFIGie4, taken
texturing as indicated by cross-section lines VI-VI in FIG. 5, to show the conveyor systems
moving 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
direction of arrow 55, away from input conveyor 47, allowing this conveyor_47 to
move another cassette 56 stored in a queue on the conveyor 47 without
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 -
textufed disks from indexing conveyor 57 to an output conveyor 61 (shown in FiG.

- 5).



process produces invisible, potentially-harnful rays, a laser-texturing
stati®on 40 is housed in a light-tight cabinet withi-n 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 is
In a mai ntenance node. The tool 37 is switched between automatic and

mai nt enance nodes by turning a node sw tch- (gnot shomn) on control panel 43.
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' 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, whlch determme 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
provides an inpuf to a computing system 70 controlling the operation of the motors
64 and other motors, solenoids, and valves within the laser-texturing tool 37 to effect
operation as described herein. .

- When cassette 48 is placed on top of raised platform 54, its presence is
detected by firsi input cassette detector 66. Since the input conveyor 47 and the
system logic controlling its movement are corifigured 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 present on these conveyors 47, 57 (i.e., if cassettes 56, 58,
and 69c are not present), platform 54 is lowered, so that the cassette 48 rests on top



novi ng cassettes filled wth 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 | oaded onto a raised platform54, which, in this
position holds the cassette 48 upward, in the direction of arrow 55, away
frominput conveyor 47, allow ng this conveypry 47 to nove another cassette
56 stored in a queue on the conveyor 47 w thout sinultaneously noving the
nost - r ecen@f Npub eaevEYISEHtand the. canveyos 47 s%7 eretwumnad oastognoee icagesite 48
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- the casset the iésénce pf acasesite baing mbeed isthis wayiHpUNEbriveyor4¥ aniiddeginghat
the disk lifter 59 can subsequently return textured disks to the cassette
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to an out plif conveyor
- 9- diré¢tian indicated bycrsow &0) isdiméctiyeoveralisk/lifterddtal vi ew of the tool

of FIG 4, taken as.indjcated by section li.nes VI|-VII .in FIG 5 tag:sho
the mechani sm uo&ih 16 PIhaRbRER. fipciesspRe ppds Piasent B iadexlpg ronvayes 57, and
di sk-hand jiyp sitlricaRsafie 58, I8 L& MUt SHVBYOF E3SWhBH daRsBRE Wais

rasént
textured disks to the cassettes. E[%G 7 also provi dgs a transverse :
cross- sect pacet on reigedplatfams S this platiormgb4 isllewpsed, sEndeenvslyos dirgatumed
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texturing fHeomesence lof tievabsetts 48us detbctad by seadhd Mpricassées eetsctoct6d),
made to FIGS. .6 and 7. Thus, referring to FIGS, 5, 6, and 7, each

conveyor 4ieaving the casseftaquanad 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
69c 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 of arrow 50 until this casseﬁe-égc is sensed by
third cassette sensor 67. Then, platform 54 is lowered, and input conveyor 47 is
tume_d on to move both cassettes 48, 69¢ in the direction of arrow 50. This
movement is stopped when cassette 69¢ is detected by second cassette sensor 66a,
leaving both cassettes 48, 69¢ queued on input conveyor 47.

Finally, if all three cassettes 56, 69¢, and 58 are present on conveyors 47,

57 when cassette 48 is placed on raised platform 54, the movement of cassettes
does not directly ensue, leaving cassettes 56, 69¢ queued on input conveyor 47 and
cassette 48 queued on raised platform 54. '

" When the texturing process has been completed on all of the disks 49 to be
textured within the cassette 58 on indexing conveyor 57, this conveyor §7 and
transfer table conveyor 60 are tumed on to move the cassette 58 rearward, in the
direction of arrow 50, completely onto the transfer table conveyor 60. This motion is



a belt 6la extendlng under each side of a cassette 48, 56, 58 | oaded

t her éon. Each belt 61 a extends between-a pair of end rollers 62 and above
i a nunber of idler rollers 63. At one end of each conveyor 47,57, 60,61 the
end rollers 62 are driven in either direction by a notor 64. This system
for cassette transport also includes a pair of |ateral guides 65, ensuring
that each cassette stays in place atop the_cppveyors, and cassette
detectors 66, 66a, 67, 68, 69, which determ ne when a cassette reaches an
adj acent pditepped Wmﬂ”@omﬁ@ﬁiﬁeﬂfﬂa@ﬁeﬁE&&hlSc@@%teﬁbbxdéﬁééfQSrtaQb capettes7,

curtace of 1EGoREd; FasSatd 66 cbrRoltH Gfinbt E5IMeTEE 87, X Senidd ¥ Boona,
recei ver 69hputidissbtteictestor 67 owhde cassettend8 s tranefecmdi%mngdemagemn%yor

controlling _the operatjon of the notors 64 and other notor noi ds and
val ves witH n'ntth§ W%éhstw&ﬂlqagse%ﬁ ﬁWGGWeQQL”VSMQWSa‘ﬁoWS pf 8led

her ei n. xﬁ@e& S

its presence (i 'tay?ectrﬁ%%%%%l rst nput asséegta%té é‘?%%f%? ggi &Sﬁde)éﬁle%&
i nput conve:;asseﬁé 4Bds presemsmeralmxgptattmmt 54 |Whery ai first quedged massete 56 1s
configured to
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al ready present on these conveyors | f cassettes 56, 58, and

69c are notcagssettertdis qgtemtedrhynswond mputmssettedeﬁe@orsvie cassette 48 rests
on top

conveyor 47, and ?HS @8?‘9‘&?6‘} s°f49f} ugngiugl filfrkngamoﬁ ?%ss}%\?eﬂng?is@%t e&%g

rearward, iprot8ss dillesw berlisdusasd onittbpartidhian réfedendebeinginadé ¢o FIGSC band8
detects the presence of a cassette being moved in this way, input conveyor

47 and indeki ng conveyor 57 are stopped, |eaving the cassette.positioned so

that the first of this wtlRho Plab!sWCT, 1 sHsR BTkt Brindhvidgst dibke

t he end pocket farthe'st
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,
seduentially 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 intemal light source aimed at an adjacent edge 70b of a disk present
in a pocket 51 and an intemal sensor detecting light reflected from such an edge 70b.
The output of sensing mechanism 70a provides an additional input to computing
system 70. Thus, cassette 58 is moved to the rear, in the direction of arrow 50, by
indexing conveyor 57, until proximity sensing mechanism 70a indicates the presence
of a disk 49 in a particular pocket 51, passing any.empty pockets 51 within the
cassette 58. When a disk is detected by proximity sensing mechanism 70a, the
rearward movement of cassette 58 is stopped, and the disk lifter 59 moves upward,
in the direction of arrow 55, carnrying the disk 49 which is aligned the lifter 59 upward
for transfer to a pick-and-place mechanism 71.



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, 69c is present on input conveyor 47, when cassette
48 is placed on raised platformb54, this platform54 is | owered, and
conveyor 47 is turned on to nove cassette 48 in the direction of arrow 50.
This nmovenent is stopped when the presence of jhe cassette 48 is detected
by second input cassette detector 66a, |eaving the cassette queued on the

- input conveyor 47Rickand-plapesmedhanism Aihahas aseel2 eotatablé sbobbtre axis of a

caseet to oStpangltahiy 35 arRsl MR TREeio S 4 R4 48 JBprcedlaBibSisants: on
rai sed pl atTiig rotation ishiffechddiby tglinefermenifal tiseratibh of avhi drivel Mdtdr 760N 47
is turned on to nove cassette 69c opposite the direction of arrow 50 until

this cassettnd ebam I énRain oh@riPReFsI/ ¢ast és movebie between anaperppasitionninc4

is | owered b 47 . o} A ,
65c 1 he ELatiBets 7oA R bt SBEAS Hobflon o RiEn ShBefEAS Bld Sodt
69c is det dytradahyobzpnatmatic actiuatorsZ9)sWhefGapait ebgtipygerd F7H 78 és iretheatostd,
69c queued on_j nput Finally, 1f all three cassettes

56, 69c, amPSBPM R dE? ”§B§%%oﬁémm Srippers; 15 ele) Rya faut peinis; areupd dised
e o<l RS, Aher, 8 (R RNoctt 1 950 S BRI o e bropgess.
queued on rTiespick phdtplagenm@chanism 71 is alkemaoves teawward,rig tie direstiom af atreen
com! eted 4 bl & pashnle Wied SR 55 ORKOY L et s oS IS5
~turned on idire@lYR obbBskaapdW 50,J8td & Posiol in wWhith anfli 72&t lobdte@f arrow 50,
~conmpletely onto the transfer table conveyor 60. This notion is
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, pick 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.
Next, pick and place mechanism 71 moves opposite the direction of arrow 50 to its
forward position, and the arm 72 rotates 180 degrees in the direction of arrow 74,
placing disk 49 in the position indicated by phantom line 83, in axial alignment with
a spindle 86 of a spindle assembly 88. Then, pick-and-place mechanish 71 retums
in the direction of arrow 50 to its rearward position, placing the disk 49 on 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 intemal shaft 90 slides

axially, in and opposite the direction of rearward-pointing arrow 50. A sliding bushing



stopped when the presence of cassette 58 is detected by transfer table
cassette detector 69. If cassette 56 is present on input conveyor 47, as
determ ned by second input cassette detector 67, when cassette 58 is
transferred fromindexi ng conveyor 57 in this way, this queued cassette 56
I s noved by conveyors 47, 57 to the point at which its presence is detected
by indexing cassette detector 68. |If a secondsqueued cassette 48 IS present
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I ncl udes a pI’OXI mty -sensing nechani sm 70a, for determ ning whether a di sk
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T el UG 68 SRecon O 415000, B ot 65 (208 8l Sspepekion
~detected byspring98; s tlsatrtbengtemmaf@ﬁ mapvedéorvwdwappommmredion of
directi on o sy B6S 0B el helsPligr ey 4 buiheln et HE et such 2,
upward for thiGugh ef phéurmatically GistatdPseshirsd'apefatinglon piston 92. The resultmg
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 positidn indicated by phantom' line 83 in FIG. 7, on end cap 90 of spindle 86,
with inner shaft 90 held in its forward position, so that clamping blocks 95 are

~ retracted inward. Next, inner shaft 90 is moved to its rearward position, so that
clamping blocks 95 are moved outward, clamping the disk 49 in place, and the
grippers, which have been holding the disk on arm 72, open, releasing the disk 49.
After disk 49 is placed on spindle 86, the pick-and-‘place mechanism 71 moves
forward, epposite the direction of arrow 50, and the spindle drive motor 101 of spindle
assembly 88 begins to rotate spindle 86 to bring the disk 49 up to a rotational velocity
at which exposure to laser pulses will occur. The spindle assembly 88 also begins



-12- _‘ Pi ck-and-pl ace nmechani sm 71 has an arm 72 rotat abl e about the
axis ‘of a drive shaft 73, in and opposite the direction of arrow 74, in

| 180-degree increnents. This rotation is effected by the increnental
operation of armdrive motor 75. At each end oJ,:] arm 72, a pair of grippers
77, 78 is novabl e between an open position, in«which grippers 77 are shown,
and a closed position, in which grippers 78 ape shown, by neans of a
pneumati c actuator 79. \Wen a pair of grippers 77, 78 is in the closed

posi tion, %o dicve jnivardd irbtievdieactivhef garigy 08, beingadrivelnyby alspipdiertransiatiomd

Its periphery. n_the pgjr pf I rs,is opened, a disk held in this way
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rel eased, and forward, in the direction opposite arrow 50, into a position

i n whi ch abgirgemade tex BlaE. The upward rmovenent of disk lifter 59

carries a disk 4 i P : .0t 0,4he .| '
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. position, and the arm 72 rotates 180 degrees in the direction of arrow 74,

- pl aci ng di $woadss shutter 1idsand ameahanical safetyshpitertid®. | Whersthe. laserteduring

et W adPLOBkRuRG. el FaA s B eBrod R BAE FOBeR S
| lOl acing t h%dﬁh@lkteé@m ‘precemadbeihg sstaned %rﬁﬁstoPped_ by ogdriing &rids closing the
ongi tudi nal cross-sectional view of_the end of spindle 86, which includes
a rot at i onAleGrenic\RIRCEsE ShUBGY I idie TTsnsalely shulter 116 raMmaing opeRaduring the
siides ax hféglgt Jggtltﬁgt% BRRRIS! Ginldds & 'difdr' Ghditfiod, Ui ad- 29hRi '0f % HidiCWr
: cassette, occurs. The detection of such an error condition causes the safety shutter
116 to close, by means of the software running the laser-texturing tool 37. The laser
~ 108, electronic process shutter 114, and safety shutter 116 together form a light-tight
assembly, from which even a portion of the laser beam cannot escape when either
shutter 114, 116 is closed. .
After passing through the shutters 114, 116, the laser beam enters a
polarizing beamsplitter 118, which is oriented so that the portion of the laser beam,
- if any, having an unwanted p-polarizétion is directed downwards toward an undetlying
plate 120, leaving the portion of the laser beam having a vertical s-polarization td
propagate through the remaining optical path. Next, the laser beam passes through
a 3X beam expander/collimator 122, which pemits the adjustment of the infrared
laser spot size at a lens entrance. From expander collimator 122, the laser beam is

directed by a pair of dielectric-coated steering mirrors 124 to a dichroic beamsplitter



-13 -.91 and a piston 92, and a front end cap 93 nove axially with internal
shaft 90, while a front bushlng 94 is held in place within the outer

| cylinder 89. A nunber of curved clanping bl ocks 95 extend around a

- truncoconical surface 96 of front bushing 93, being held i nward, agai nst
this surface 96, by an elastoneric "O'-ring 97.° The internal shaft
90 is held in the rearward position shomn €|16-—|n the direction of arrow
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by a distance of 25 mm, to enter a power control optics block 136, in which the
intensity of the two beams is balanced by controlling the voltage applied to liquid-
crystal variable retarders. In this way the intensity of the parallel laser beams leaving
the power control optics block 136 is made equal within one percent.

in the example of FIG. 5, the parallel laser beams from power control optics

block 136 are reflected off a right shuttling mirror 138, being directed toward a disk
carried through the texturing process from the right disk-handling station 38. Each
of these beams passes through a focussing achromatic triplet lens 140, having a
focal length of 25.4 mm, and is refiected toward the surfabe of the disk being textured -

- by a right-angle prism 142. Each lens 140 is mounted on a finely adjustable stage,

| permitting the adjustments needed to center the beam and to achieve optimum focus
on each side of the disk. Each prism 142 is slightly tilted, so that a laser beam
reflected off the surface of the disk being textured is not transmitted back through the
optical path.



forward, gpposite the direction of arrow 50, and the spindle drive nDtor
101 of splndle assenbly 88 begins to rotate spindle 86 to bring the disk 49
i up to a rotational velocity at which exposure to |aser pulses will occur.

* The spindle assenbly 88 al so begins

-14- to nove inward, in the direction of arrow 102, being driven by a
spindle translation mtor 104, carrying thejdisk 49 into the texturing

process. ser-texturi ation 40 w || w be di scussed

specific refer encl{é 5'&? fRGLT 3 cﬁgtﬁﬁré)ugﬂ the 'asefﬁﬁﬁfmr BF oGSy 't%"qzlté
5, within glissdqusit- fetdinUté He Séatise@B #On WhiAM haSBadh Itﬂl&én@reﬁll Plls Bd
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- jamof a dbpémﬂg didstictiié process shetter1es, debastdsthedi sI@HQ"h ﬂﬂa@ﬂr fr ex@nipié,i on
causes the safefy shutter 116 to close, by neans of the software running

“the | aser - BbRioonsiantsperdaby spinsle deve mater 101 endrasnihe diskdos's m«md svthe1 4,
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i s closed. 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 1 14 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
betweén the pattems adjacent along the spiral being determined by the rate at which
laser 108 is pulsed, and by the rate of rotation of spindle 86, while the distance
between radially adjacent segments of the spiral is determined by the rates of rotation |
- and translation of spindle 86. ,
After completion_of the texturing process, the rotation of spindle 86 is
stopped, or 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,
which are held open. When this outward motion of spindle assembly 88 is complete,
and when the rotational motion of spindle 86 is fully stopped, the arm 72 is moved



After_ passing through the shutters 114, 116, the |aser beamenters a
polar|2|ng beansplitter 118, which is orlented so that the portion of the
~laser beam if any, having an unwanted p-polarization is directed downwards
~toward an underlying plate 120, leaving the portion of the | aser beam
having a vertical s-polarization to propagate through the remaining optical
path. Next, the | aser beam passes through a pX% beam expander/ col | i mat or
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126. A visible | aser beam for exanple fr -mMW | aser diode_128, is also

di rect ed t oF-Bhare nelracigd inward, ﬁeaSI@@ﬁhﬁ 9'tskrﬁ? lomgshiadie 8§ Then otb?v?tfm
system by tyaed Hx% E8%ohfskd, %ﬁgbsﬁé’irbe dvEctidt! S sl 'Bgaﬁ)a& ra?@? #%‘?sefotét%% 180

made to be coi nci ent wih' red beamirom | aser
mani pul at i r@egl‘eestammttwaxrsgafntsrdmesshamnﬁdmpasntehhedlrpetlmnf an'bvw'Ma, draber

b t b [itt 126 f f d | 108 | t d
DT e Dbl (2 B Moved rganvasto B ihe Sirediderot astew ik maviRe e HEk 45,
moni toring Qfs kieRt FexeRitly BRI textured, info ﬁ%ﬁxoh'ﬁﬁo%qge 'd&‘RElfftePSQmN&&Vhﬁ& Sé‘e

di-chroic beansp itter- 126 i s directed a non-pol ari zi ng beansplitter cube
132, whi ch mpves upvvlaed Regepting the mdwedrdgshtndts groevee§ball hegrippesshen aym 72

within fiv rce Th Wo _be are_directed negn f.a s
Steerng mnogirg heeRER 48 o88 BRR0BU o Ui hidr sl BRFarash pliRito He

- through t heteiirbd 'diglo49 9 agssckiay 59 within thersasyse)s®$8. After reflection of f
~these steering mrrors 134, the |aser beans travel as a pair of_ parallel

beams, separated Bhedrecedingdiseission has deﬁcrehﬂdetheanpment:em sigle gisk4d
' 2 Lgtc lr(olll?)|6ng ?"‘3%3’??%%@9 g’%ﬁpﬁe@‘ i -h%]fhl}lﬂ‘ bv&(gart;h/gfg? t\b ?‘@Lﬁ?‘e r‘ég}@}‘lgeorroge %
‘this way t hia laséretexiuringastatiore40sand batk intsthe dessette I58a\h gpreferred version of
the présent 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 deséribed, with particular
references being made to FIGS. S and 7.
Referring to FIGS. 5 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 am 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 continue in one
direction.
Furthermore, a preferred version of the present invention retums each
textured disk 49 to the cassette pocket 51 from which it has been taken, leaving the
pockets 51 which have been determined to be empty by proximity sensor 70a in an



the power control optics block 136 is nmade equal wi thin one percent.

In the exanple of FIG 5, the parallel |aser beans from power control
optics block 136 are reflected off a right shuttling mrror 138, being
directed toward a disk carried through the texturing process fromthe right
di sk-handl ing station 38. Each of these beans passes through a focussing
achromatic triplet lens 140, having a focal-i1égth of 25.4 mm and is

reflected teiptyondtiony fiidse ednditithstire Iachiyvaa ith ﬁéjr sfetfbdersionicd e pregient
prism 142. Each lens 140 is nmounted on a finel ust abl e stage

permitting mmntm Pyt Alayiag tae srpuitanequs repvgm@nb mlaﬁ’@&scﬂ%wlﬂé%@wéﬁo%n%m
focus on el Mé%hghgh??g d%ﬁ& ng:r% x%' ﬁ&%ﬁégbﬁ\{(ég)dr%ttwefdnh Esgs?tgégg ?&t

a | aser be mre being texture

transm tt ecthbamsitidir wyhldHﬂdlseriﬁeteﬂg aatésses the pocket from which a disk 49 was
povene

- 16- Th k t.hr h th ser-texturin rocess,
and its sutf@keR °rPéf38 ‘@Q)th%a'sgégs@ttgﬁ%ﬁ %&‘%\hgch it ﬁag Ibegnpt aken,

wi [l now be di SCU?@%:SW@“WWH is(Héréfnah@f' eammebex--mmdqo?eoﬂﬁenée %'d
7. Thus, referring t GS. 5 and 7/, the disk 49 clanped to spln dl e

86 is fi rstbemgaqj(an ihqnotugh mmtemrmg pnmIess byespintiei86ea * “rdlslhéQ,t whichris tige

rocess, as_the,npt,i.on e _assenbl t he di

Phecarr oot R iR s} s, dfedion oBEESHE nitoRcs( pakf the, Baasdti PPRice B F tom '
di aneter, iRRicRAEADdisk UG hab BeerPtarah d8¥duritPbyl dfoveient bftha cdssette S8inkie
textured is adjacent to the point at which exposure will occur to |aser

beans refl efafemlonrqirarfnwwqazhe Prxianty sgensesféauAs thisipoint, the moyemant 9
openi ng el e&éés%?ﬂ l&r{gﬁ’&g&’iﬁer bvedthéd A8 %ﬁ{ﬁ%gr@rggh@%gﬂe

for exanpl e, cons Ie drive notor
disk 49 is pnsxm:nmddn@d bytpmmbrdllmeﬂa ONhenmmprdoesaruftexmmg tHeo!A"ddisiag9 e,

saes he B dirihed, spiRtie 86 mabvsth e “A- disk 45 into the position indicatad by Phantom '°
line 83. When both the "A" and "B" disks 49 have been positioned 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 fifter 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-de§ree 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 spindie 86, and with
the "B" disk 49 being positioned for retumn to cassette 58. Next, pick-and-place
mechanism 71 moves to the rear, in the direction of al:row 50, placing the "B" disk 49
on spindle 86, and aligning the “A" disk 49 with disk lifter 59.
Thus, a first disk transfer point is established at the disk location shown by
phantom line 82, and a second disk transfer point is established at the disk location
shown by phantom line 83, both with pick-and-place mechanism 71 moved to the



di ameter, jindicated by phanton1llne 148, of the surfaces to be textured is
_ adj acent t'o the poi nt at which exposure occurs to | aser beans reflected
fromprisns 142, electronic process shutter 114 is closed to term nate the
exposure of the surfaces of disk 49 to the | aser beam Thus, an annul ar
space on disk 49 is textured by placing a nunber of |aser-generated texture
patterns along a spiral, with the di st ance-hedpween the patterns adj acent

al ong the a r Fr t [ 0 P d,
o ona e 38t 2n 14 oAb dfchy 3. ) el ol 60 Bri 08 UM 5
radially adransém*eda‘geﬂnmsdltéctbhdaeiweealpmteadé{dece nmd:hlawstrﬂné"lrmcemshﬂlfter
rotation a tr | ation i ndl.e 8 After Iet|o of,. t
texturing. Mibcaldhertecined diskaransTon Boiat & disk #2 15 tEnsRTeR Sthencietton
decel erate béﬁebh%té@hﬂalﬁaéﬁ%&hms%gﬂ% §biﬁ§lerEU' ng outwardly, opposite
arrow 102, to Sto@hﬂ o he position adjacent to grippers 78, at the

prafe

i nwar d- ext end| ng wad mode of pperatianh cemputing system Z0 atores datahed@atmg

for d, t hat k 4

bohi ad 1 ne Wi Bpthdr Sk il RRR3ph & 8 dthictiRde Hik" B, i, oS GatE3
~spindle as S@J&bnusﬁﬂy eséwmndiabamnembmmadeenéwts infovald 6@&6@!@ tﬁé direttich e
86 is fully stopped the arm72 is

_17- rear wef RITQYK §0tta getym gbmespla%frenbwa@httbe gdigk 4hbagbernigkeneciyhen he
~shaft 90 ( %‘%@%ﬂé tﬁg)%f didks'tS pEAYRr décfﬁ&% en %@@& :rhéﬂu% h?smwgigfggﬁnor%

- (al so shown are retract easin
- spi ndl e 86.38lthe casseiteatsn'nmed enmeldetfpnsotmndn the mmctlm bppodlte teati airarm‘w

~arrow 50, otate .180 degrees .abou ts drj
Shatt 73, iﬂf,ofa siphdh Which the, o ietas Whish LSk 4D Bas begpaker is
rearward, édi‘lg aEde%Cd(éP Rftef SQVtBQHe?bslﬂ&Vih Rghibh thé bpkikdat Which hA"‘ %@smt
‘recently been xtured, into posit above the disk'lifter 59.
lifter 59 rfmsabe@pwfen iscahoyet diak litee59.c ithe cassetta S5Brwas aogftdknfeix@ds 49t
grippers or,ateifed 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'i 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-place 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
taken, and spindle 86 moves inward, in the direction of arrow 102, while rotationally
accelerating the disk to the rotational velocity at which texturing will occur. in this



hol ding the textured di sk are opened, and the lifter 59 then descends,
placi'ng the textured disk 49 in a pocket 51 within the cassette 58.

. The precedi ng discussion has described the novenent of a single disk 49
fromthe 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 +rvention, two disks are

si mul t aneously noved, i n opposite directions bet n the .cassette 58 and.t he
spi ndl e 8ee'awnfeﬁa@é'|°ﬂ§@§g 83R9e 19 ‘&K‘%%‘?ﬁ@ﬁ’“ﬁﬁ%“mﬁgx‘fvﬁ@d& %‘f‘&?e‘@‘?- e §
type of digk,movenent will now be described, with particular references
being made to FIGS. 5 and 7. Referring to FIGS. 5 and 7, except
during the movendine fisst disle49itakan fom gaghtindivisiual gassefteb&is mpMedalone from

the i roct SISk TBFT 30 1 apin e itk T8 i ERREN: foudth iy arbifie AgRAY he
lifter 59 fha sphosite ditEctivr, NbiRcd tharees o dthertdisle avaitaibler fodistichABoivement.

simul taneously carried within grippers 78 fromthe spindl e 86 t8§fi skf
lifter 59.S theslast disk 14944l nﬁemh@dtwdl@r' FRySEEPS IHMeved §/qR8 1M, n

their nove ' i I il | - d TN ' ‘ARid
e wi noi repibeg & SERinBESY, sibdh BRASRAG clRiniBRlIabIS RichEWment My
whi ch woul gppesite diréctior: hThe detemiisatien that the tast idiske49 to bedexiured hasibeen

Toxt ur e dramovss fiom e cassatta 8B [umeds VBN FgniashporketS rlo ik k40
| eaving t h@atﬁB%ﬁﬂéée&i% MB{/@@ H%tét“;dislbﬂﬁél' steRhGUtIRE detedtioreoidnother dise10 Byt ¥

sensor 70a | condition. These conditions are achieved
in a pref epreedmityrssinsor @0at Honlyra single cassette 55 at igtimel isuneyed pato indexing

Sy e e PRTER o A8 s B e PRSaRl S LA AT oRE S By
removed from the cassette 58, sent through the texturing 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 tum 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
piéton 157 includes seals separating the cylinder 152, within which it is attached, into
an inward chamber 158 and an outward chamber 159, each of which is alternately
filled with compressed air or exhausted to effect movement of the slider 151.
To move slider 151 inward, in the direction of arrow 102, compressed air is
directed to the inward chambers 158, from-hose 160, through a hole 161 in shaft 153.



the position in which disk lifter 59 accesses the pocket from which a disk
49 was taken before replacing the disk 49 in the cassette 58. As a
di sk 49, which is hereinafter called the "A" disk 49 for convenience, 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 fromwhich the "A" di sk-491has been taken, is found by

novenent ofastthls 6G6LFS] 4if isdExHdUstdtEfréin’ Attiviafd) cRAnHers w580 tirdtightahRoler1G2 iRl t Y
sensor 70a. At this point, the novenent of cassette 58 is stopped, and disk

Iih fter 5|9 @baﬁgsﬂh@ndshrwg@fam 1§3naBeth inwesd chamhesrs tlisSratergannacted by an
b ndle 86 RLtrEiEersd ol P65 dbohtikald BnaRbers 168 56 fafiistiod By 3°

line 83. Woetwadtrarisversefiolands. Fhudj aksorprésse diendipated ttooaghihose Hied
way, pick- and-place nechanism 71 noves to ,the rear, in the direction of

arrow 50, atfledorse d624s Bxhapistpgie theratmasphare. Hieomsyiting gxRATSIoR of nyardny
"B" di sks 48,ni¥dibi1gl ‘fbrq]e'iﬁ%m#tﬁa%ggtr%ﬁéﬁ 899u(\ﬁ£'|‘a"\€hélﬂbgkf]3lé 5@,)mb§?ée79lffé’& to

the front, noving clanpihg bl ocks Inward to di sengage t spindle from
the "A" di sistdiawarddint the diregitiohidftazrovs90Bpalignidgwramsfer tableliconngyaretd mitin
the "B" disk,49. Next, t pi ck- and- pl ace nmechani sm 71 noves forward,
opposi te t MRASKNGEPMEYBP%arrow 50, and the armrotational drive motor 75

drives arm 72 thrsmrar% iSRiiagiger #50batward, bppakits the eireefiodiof Arfort102ow,
the positions of the " and "B" disks 49 are reversed, with the "A" disk

49 bei ng peompressed fadris direstashto thereutward ebambers 159 froma hese 163, dhiaughe

Next - pi ok eGP T EnRlicTe, AR S SoBh3. bir I A Giseh thath To B BRAREER, PEs.
arrow 50, phrsighohélect 6Bin shafk158) amal througH RoS6 168N dTINS, 8 cemphessed aidissk
49 with disk lifter 59, Thus, a first disk transfer point is

est abl i shedigctadthrgugh hesead 63 whileohpse,y 68Hs Rxhausted tethe aimaesphesgnthe

ol S5 BRR B oL LARRE e 158 oo S o R RS
; 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 follow‘ing the retum thereto of all disks 49,
having been textured, will now be discussed, with specific references being made to
FIGS. 5, and 6.

~ Thus, referring fo FIGS. 5 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 conveyor 60 are tumed on to move
the cassette 58 rearward, in the direction of arrow 50, until the cassette 58 is
completely on transfer table conveyor 60, as indicated by the output of transfer table
cassette sensor 69. Upon 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 transfer table conveyor 60, in an outward direction, opposite the
direction of arrow 102 along hollow shafts 153, 154. After this motion is stopped with
transfer table conveyor 60 in alignment with output conveyor 61, the conveyors 60,



-19- rear,,in the direction of arrom150 At the first disk transfer point,
a disk 49 is transferred in either direction between pi ck- and- pl ace

- mechanism 71 and disk lifter 59. At the second disk transfer point, a disk
49 is transferred in either direction between pick-and-place nmechanism 71
and spindle 86. In a preferred node of operation, conputing system
70 stores data indicating the pocket 51 w th2r2 eassette 58 from whi ch each

di sk is tagqrhremh%djéﬁ?o Hﬁw’ét&%eg&@?é'tatﬂés @?f %g%&ifé W8 E&ﬁ&ﬁm§rtte

58 is noved opposite the rection of arrow return to t | ace

whi ch t he "Wotheskagsettessateenot stammdmgetheaommseomeeyqum dhlsjm@lvsmamtbe
textured has_bhee oaded intq,the disk-han ati.o the ¢ eis
e e Bttt whER 166 caPstid B Pedt bt 18 o ot B2 1 pobySiti 60 B e
the positi gositioiii WhitheaBsste! 66tlsV§h'oWh lan-'Id' 5K aé%nﬂ%&té’@w éaifﬁnou@ut

dlrectly above disk lifter 59, to the position in which the pocket at which
"A" di sk 4cansettesansoskSs. i Al tisveind the ¢cagsette $86, with mrecessac:disks 39, i

not full of %ﬂik& r@%%@ﬁ@é%&ﬁﬁqewpﬁnggol\@s | oaded i nto disk-handling

station 48 casse ave moveéd farther than one pocket

posi tion opposi terhﬂnmingeotrem toFIGr 5,0Mhifdthid soadifionasfacatimessds pedfembly
noved so that the_pocket from which the "A" di sk 49 was taken is_above di sk

lifter 59, cemfngnaﬁaéﬁd Ao dhe system opesater thfoughm NistlaRn augible, indication. they
. t h .
e ot (EARYR a8yt NSRRI As RLPQLRORMY HEQURIF FlrE

ce ne
~place for rentinaedi aperation dﬂtbe m«steixtwlr@&poMBVh $pac¢)ns:prmndleqblam output

hani 71 d_f rd t the d t _qQf 0,. .
Next o ok coPReypr 84 TR T stoBadi ol 2 Bwiiiarag caseelipe 16sdiler Wik tertureg s
84, and thegshgy 4 fikét VerSionrofithistd u stém"RIY SGch @a5¥ettés 166 dr8 %t@l‘eafﬁléhgj’”

of arrow 50, so that clanping bl oc 5 are extended outward to hol
di sk 49 ( alte surfaes of putputcosyeysn 6 hén gisenand veaiomptthis putput systemy 1In@ﬂtshe

s 2 sRRRRTro0R i il b S BbuE SR o TR S o 8 ReH e Lk
in the direction Theapepatiohlet thefirst Yersiinpdf tRidDUtPUBS RNV indW lﬁélaegd:rﬁiédt 0

the rotati 03 %I“s\ceelrglg}‘t i¥ aactasggtltg r1]6t6 ?sx &Igirtllng ?0I}M reln'llowﬁ)acl %ltj Ehe }rgn{ Qf output conveyor

61 when the processiﬁg of disks 49 within another cassette 58 is completed, output

convéyor 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 dutput conveyor 61, both transfer table conveyor 60 and output

conveyor 61 are tumed on to move cassettes 166 and 58 together to the front of

conveyor 61, where this motion is stopped as first output cassette sensor 168 detects

the presence 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

the queue reaches second output cassette sensor 170, and the subsequent forward



- 20 - way, preparations are nmade to texture the next disk 49, which is, at
this time, the "B" disk. The first disk 49 taken from each

. individual cassette 58 is noved alone fromdisk lifter 59 to spindle 86,

wi t hout the sinultaneous novenent of another disk 49 in the opposite
direction, since there is no other disk available for such novenent.
Simlarly, the last disk 49 taken from eachk 2rmdi-vi dual cassette 58 is noved

| : C ol . . ; : ¢
e abl ot SO difolohvaliot ¢ IsShobived Bhaf fhe fkEiod L0860 e queue
the lLast di séacHesfirsbeutpen cassettdaendmer68.enoved fromthe cassette 58 is

made when the | ast_pocket 51 into which disks 49, can b aced i s .poved
past disk |ifter 59'&iQRe5aHoR rPg tg@t%"&’n"?fﬁ'%ﬁ% ﬁ'@? Q}ﬁgﬁgﬁﬁsw ;W'ED)HQW oe

sensor 70a. STRE! i Biohal ESttEMH B8 rrh NFRX Which i
conveyor 57,d@§mb¥?1&al Tﬁgf\%trﬂgﬁ;riégl&lgeszgn ta gd'ggﬁétl g%ts Ertéd wﬂ?h@n_the casset the|358
bei ng r enovaimilamto theeplatioant3deussy witbrinputreanvgyiot 48, ard authirdpyputeassettend

returned to the cassget 58 .befor.e a f.the dis 49 in nex ssette
55 ar o so psgRsee - Wi Hhid Yerkionofhe it asedte $8p: g tehohie"6Ad of BRAG
slider mec h%h@@*&r@l 158 et MEcahvieyanwitte liftihg DlfcokhP 192, tdhviephaifde aakised
are transferred Trom i ndexi ng conveyor 57 to output conveyor 61, taken_ as

i ndi cat ed byos#ion wntil|it isgemaevadby the-tagl operator. With a qasseftei 166 ingthe reiseds

d o9, th f i _ - | !
o7, Sy 1 ERREEE b0 g SRl 3 g SO A i o
pai r of hol Ipasitidredt thelcadsetted1 66¢t Thas, wWiten alsetoad tasdsetid suvheas vassette 58,

nounted to _extend between end bl ocks 155. The slider 151 is slidabl
mount od on iHi0adREaNIo Outpyt CPOUEYAr G s CORVEYORPT iR tUraeE RBIte sEive 2he capsetie

| so i ncl udg,Aitti - ' h iof '

ends of cyl o indlh Ealcn oBbGRNAAASH, Thidihdftitis BB hoh the LRk |

the slider i$tietwctedybyahird shtput chSSettd Sensdaiv4. Whendheldisks inca thiek cassette
ti th | i 15 i t hi [ ch Lt i tt d, .Jint '

Chaoer 50 48 SRR ROl B kime GhBIRE e hecl pRAEI

filled wth garRdrEs Teils Mdtiotl is@{&ﬂb@d tflch e 5E661d BRYSEIRN diiteéted 1) s6knd

-151. . To nove slider 151 inward, in the direction of arrow 102,
conpr essed Autpuk cassetie sensen 17he Thearkptbrmnsier tatde canveyen 69cand putput

through a hoo'o%v%%ll éf‘a?é]@(rﬁe& gﬁ '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 61, in the direction of arrow 50, is
stopped when the rearmost cassette in the queue 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 remains on raised platform
172.
At any point, if the cassette 166 on platform 172 is removed by the tool
operator with one or more cassettes remaining on output conveyor 61, the conveyor



- 21 . As this occurs, air is exhausted fromoutward chanbers 159, through
a hole 162 in shaft 154 and t hrough hose 163. Both inward chanbers 158 are
~connected by an inward transverse hole 164, and both outward chanbers 159
are connected by an outward transverse hole 165. Thus, as conpressed air is
directed through hose 160 while hose 163 is exhausted to the atnosphere,
~the resulting expansion of inward chambers-1%8 ~together with a contraction

of outwar dg3haehfed okPR dieV®e ridxt esése?aélto 'tﬁ%hé ftife EBﬁv%éﬁé/f '%d&fecf’ercf ow

102, aligning transfer table conveyor exrng con
Si ni l.ar | y, bydingb eutpiti erssette1senaoRhas. Ebpaﬂatferm H& isr egannorarssrd to ittvihis0 2,

corrpressedlcggﬁ%géoﬂr s"ﬁé{"f&i@%ybggwu? ward chanbers 159, from hose 163,

“through ho this occurs, air is exhausted frominward

‘chanbers 158, thrThgmdibds d63cribedsative 3BRandii ddsrseueb 8¢ide tAE paHidiiar as
conpressed air |s drrected t hrough hose 163 whi hose 160 is exhausted to

the at mospREVantagrofnot gperatinaany£eaveyrrsystem M@V «Hh @idnsliding, candaes twithy

with a conty

opposi t o t Reaee8, The qulricr Bt B8arpdbios HOKT ity ot ndteHl ey

wi t h out puisystemspod @issettes is therﬁfweramuﬁmhtSm&h wmwtréles%uiwbtm

‘the return thereto al | s. 49, havi been. textured, will now be

“di scussed, QI Eﬁ@co'he 'Ea?'gfra&hgw&& ‘%ﬁsrﬂg%ﬁﬁb‘?‘fﬁeﬁlﬁé‘g 132 parly fpurthermore,

' Thus, ref entié ngetdl IFeGH chnvsydrbeltshand Ichssatéterserrr&élsglad *W&htéaesléﬁ aQ'Loek
49 to be textured in a cassette 58 has been processed and returned to the
‘cassette 5gonyeyer heltscbeingilikely todastgmlongasavatiausaotbie maving pacdsrofdhe diso

are turnedt(%aut“q qt%f he cassette 58 rearward, in the direction of arrow
: unti | e te'58 is conpletely on transfer tabl e conveyor 60, as

i ndr cated by the 'ﬂtecmthfrgﬂratrdsmos@tﬁtput Edvey6P6 T ek!eﬁdﬁ@élehgﬁtﬁe PR dmMByor

i | ndi cation 9f rsé(\anrtlises the aderDthggg %tf b?lt;‘g;‘:]%na/u%&r csa35settes, 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. Furthermore, 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
example, the left disk-handling station may not be available due to a technical
problem, or simply because cassettes have not been loaded into it. Furthermore, an
embodiment 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
described with particular reference being made to FIG. 5, both right disk-handling



and 6Q is stopped, and a slider nmechanism 149 is operated to drive the
transfer table 150, which includes transfer table conveyor 60, in an
“outward direction, opposite the direction of arrow 102 al ong hol |l ow shafts
153, 154. After this notion is stopped with transfer table conveyor 60 in
al i gnment wi th output conveyor 61, the conveyors 60,

~-22- 61 are turned on to nove cassette 58 t@ The front, opposite the
direction ; SO,

conveyor 652t 98 2 el dRiRANGRREEIRlER I froGed P o pRoRRNNE BRI 1o
the front gireserd dighs/toybe tdduracbwithia lpsei-textamingrstativicA0cassette 166 is

h in FIG 5, dj cat f t t t 16
This point . the ol elerdegto RiG s, ib auetiiersn 2 e oREenf invetion g, o1
from the diggeratforf oF lbﬂgiléklﬁhnaﬁng station 39 @ﬁﬁnlei’éﬂyrlﬁets&nﬁ@h@fodéﬁaﬁrﬁofﬁ ht

while this condition of readinessS is preferably communicated to the s stem
“oper at or - t ifigubandling siatiore 38 withaiasious ielementsial the epparatus withintheylefldiskt t e

166 h 9 d

Sper ot | on TG aR67 bR Rl R Lol ol SoREEIanE MARURR
: ConveyO(r]I ng‘Eﬂn igéenm @ﬁslghanﬁhmg statioar 3&f Theqaebé@uaglcﬁﬁcdséadm@fwrtelnatxons
-texture I SKS

: first version of S ut system all .
cassettes Mithinpghtdigk: ganaﬁwgtatﬂﬁe 3&}?9&9@%9 iGeblatto ObR(RS I Within r‘;‘p disk-
second ver nt
of output ARG stdfioh 3, Wit reaheR IO, I the difsRAa bt &mbly 5@%’“&‘“@?‘%%
of the fi rssamermdomtmmwardsnmnnwin thpsinentm ofl armaw102 coptinuing ¢l beldtrectﬂds
version, if a gcﬁalsette 166, s, wai

he f f
conveyor 6foRRER T eotlet SELS ja5Es texiang o 87T e Nirdsta ot A 1B Wik,
~conpl et ed, (gHidMK-haRANRY Statidh 39. tSlﬁﬂaﬁy,%rW&dnmbﬁohﬁeoﬁm@ﬂﬁ dipéction of

rearward, in the direction of arrow 50. his nmovenent is stopped when the

-presence ofarew 5eare inthe s@rneeit@stleﬂjrbbota leftand agbwgkrhaadkmstaéloaé $S089,
170. Then, %lwoﬁfv@d}aftﬁ&_t(éﬁg kr? Ie?f)al\éﬁ)h%rndﬁlqg sthtion 39 are opposite the direction of

arrow 166.

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 control 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 control
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.



alignrent with output conveyor 61, both transfer table conveyor 60 and
output conveyor 61 are turned on to nove cassettes 166 and 58 together to
+ the front of conveyor 61, where this notion is stopped as first output
cassette sensor 168 detects the presence of cassette 166. If necessary,
this process is repeated several tinmes, until output conveyor 61 is filled
. with a queue of cassettes hol ding di sks 49 whibch have conpleted the

texturing procesghidtH@tbvetfiSoussith daRHBES ﬂ'\ermée' & éﬂfduﬂ_?ﬁ@éhaﬁw AXOIng61,
in the direction of arrow 50, iIs stopped when t r ear mo cassette in the

queue reacesmilcersid dinechtine lasetkearss behwean thEGWOaﬁiskmdﬂim%%fm 38 o39mar d

e quehstiad BB heT RO Anbeldy BETRIBP vjRBuRsER: s casserte

operation of the Thecspatatien f Aghtdisk-haadiing statiors 881 whichilids reen described in
described. This version requires an addltlonal cass

172, whi chsemegetail above, m%bﬁP&nﬁG‘PFﬁ%w cRnsist asica »«eﬁplsl%'eggsﬁ' a%;gliﬁ?d a
third out pgﬁeﬁagﬁgy@utt%%}tﬁmg %c‘fes Wn%ei}ema%hv(ﬁaéghme %ﬁég}c‘ié&oﬁﬁ%&eéfttﬁel%

to reach the en I'sS ralse onveyor wt
lifting pl eidverment 62 pnécorrtwuadlsks hypmkaa‘rmbplapeshed:hamsmtﬂ and wheraineach by

“the t | { th t 166 It i
omveyor CiREE syaleGonsRRD, e, SRVEDIRt 4T Aosinge BRK.on THie SAIE.86- o
- of the casg@idfevidBufiitiont dwgar@aesw@ f&aléﬁﬁinhg toHiely the disk $extufing%ool S

| oaded ont o out put convey 1, this conveyor 617is turned on to drive the
cassette f87d@ operata at fud pe@dva eac!tﬂipbmqvemnt eycle of right diskdhangling §tatlon

When't he dobiecepr SunitarpolByARHT 8 rurtg iblrorish M SERIEI BoTPREH. abé’
turned on feack diskeambiementeyile obtrdisSiehandingstation'89 ocomrs skultanebuslp wlth
‘when the second cassette is detected by second output cassette: sensor 170.

Then bot h &texsriag cyelsiaf rigbhdisiidiandling statien S8un s waye thesuse phthe texttting,
to move the 5eealaiiile thtoudnOperatidn ot ibfPardaidber 40BIS hidkimized, 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, t'hé computing unit
70 executes a program relating bar codes read by scanner 186. Data gathered by
reading bar code labels may be stored and used by an inventory control system to
keep track of work in process. '

The present invention provides advantages of optimized productivity and
flexibility. In a preferred mode of operation, both disk-handling stations 38, 39 are
simultaneously 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-



the dijsrection of arrow 50, until the second cassette is detected by third
out put cassette sensor 174. Again, this process is repeated unti

out put conveyor 61 is filled with a queue of cassettes hol di ng di sks 49

whi ch have conpleted the texturing process. In each case, the rearward

noti on of output conveyor 61, in the direction of arrow 50, is stopped when
the rearnost cassette in the queue reaches -s@cond out put cassette sensor
170, and th

when the f onaadEEStEths ARl FoMCEE HeRBIRY, iR on iR RKariaing StetoRBREE 30

sensor 174. isldisabledpprdection can m:lonasue atafredsted @eeusmg ttfeﬁomerrﬂlsksha:ndhng
rai sed pIatforml? t he cassette 6, on platform

172 is renmoSEIoHy %k@n@&o‘l‘"s[sﬁ@lnﬂ'any t?qipnéﬁegié,c%glgo é'é?gé'g desirgnhignon

out put CO”VQM%xt@r%d HI3Rs CUMHEYAS for the use of both stations are not available for the
-24- 61 is turned on to drive the next cassette to the end of the conveyor

61, as detepreaaessy first output cassette sensor 168. The platform 172 is

o0 02520, 0 g ARG Bbn 2B Bt oy o e

advant age Oﬁvﬁh@onﬁ@Gé?ﬁder& ptticul Aty Sy RIurkiepstosd 4at thié, de@@n?@dn hés bbéfl| gién
contact with a casset The generatl on of wear particles fromrelati ve

noti on bet weBly by Wréwap@rmchﬂ@tmpuéghaggeﬁem éhe)ﬂetaalmfmstrsgwn
‘wear partickas: & I.%(i.f;,léﬁjl

~which this kex{url hda'fasngé‘\p,)wa ﬁ:cﬁ@@&%ﬁ%&étf& e usefu %}ﬂ cor\ve§¥)r
'Felktls and fzmwmlisomtsdepam@ﬁem thelsr;]itnt@mmwdpesofahd ummmﬁf ﬁnedervEmmmej the
likely to last as, | ong as, var s other i parts of the djs textur|n
tool 37.  Pheumainslidedesrined an raiprense oI ippy besreniagastRy agumber of
al angsi de | eliikrioWh/étHods for achieving and controlling movement, such as electric motors

driving leadscrews.



47 provides t he -agvantage of Dri ngi ng out put cassettes, hol ding di sks which
have. gone throug Hmrocess back to a place adjacent to the
pl ace where i nput “ lm\ Mm aded. This facilitates servicing the tool
37 by personnel rrustLbd‘thsl odd and unl oad cassettes. Furthernore,
addi ti onal space for queuing cassettes along the conveyors is gai ned

wi t hout having to increase the |ength of the2®wol 37 along the conveyors.
The precediyrkatds Sfdigmedas: of the novenent of cassettes and di sks has

focussed on such novenent within right disk-handling station 38 of the
| aser- texturing tool 37. Thus, the various novenents of disks and

3515 not avail abire. AEBFroAdS fantERtaR A inghlng, & certial oty Fole” ARl e
avai | abl e gefipherya ahddtan) m’alleﬂs}@é@rwmlearsiamlapplamaumm@mt es have not

been | oaded into it. Furtherpore, an enbodi nent of the present invention
has only a single di 3casapite lﬂﬁﬂ-‘d“!ﬂ)ﬁ pluyalityofipocketss whegeinLaghissaid hogketis

detall abo¥BenNAVLfitd Bt alldi (HFineER owqfaﬁe.n%f*y)ew% SRR ik hd lyehé:

preferred e present 1 nventlon '‘be "descri Bed
with parti eabhrsalcbpecketomlbdemg Ilftadactessl%;ﬁémﬁg opposkite isgid fidt ekdhandl i ng

-25- station 38 and Ie di sk- on 39 are used in an
alternating fashi on fo f%ﬁré'gg\‘ﬁg]ﬁ%?gggﬁ % ACEPSRIORRRIAG o lengagesaid diskng
station 40in a pocket vﬂ'thidﬁsalﬂ‘ﬁl@(a'llty'lﬁei'ébf':\hﬁereﬁn s ffter rﬂf)@éé 8did'Gisk 't%u@ﬁ
the present | nventlon the operation of left disk-handling station 'S

general | y said firshend 4o afisstdisks transferingint; di sk- handl i ng station 38, vm t h

bei ng i rror i mage. cohEPRnBAnEaHE gk cashatie Mliadkl Sl firs? Sapht >0
right di skshrhditenis mbeablerwillfin ehbh df'saike podletdt scussi on of operations
within right disk-handling station 38 is equally applicable to operations

within left disk- & laserproducing a pulsed laser beam;
an optical system directing a portion of said laser beam to a first
exposure point;

a spindle engaging said disk at a second disk transfer point and moving
said disk past said first exposure point; and

a pick-and-place mechanism, moving said disk from said first disk
transfer point to said second disk transfer point.

2. The apparatus of Claim 1:
wherein said spindle additionally retums said disk to said second disk
transfer point; . |
wherein said pick-and-place mechanism additionally retums said disk
from said second disk transfer point to said first disk transfer point; and
wherein first lifter additionally engages said disk at said first disk transfer
point and returns said disk to a pocket within said first plurality thereof.



handl i)hg station 3%—wth—+earware—rotions, in the direction of arrow 50,

remaini ng the sane, tions, in the direction of arrow 102
continuing to be di rlma]lqa mqm‘rgenter of the laser texturing tool 37,
in the direction of | eft disk-handling station 39.
Simlarly, forward notions, opp05|te the direction of arrow 50 are in the

sane direction in both Ieft and right disk=Fafldting stations 38, 39, while

outward motions if | qi Q;Ré&ahﬁ"éf OMin® DalitidtetP saie pieRRTd-pRackh®iedhasisin on
of arrow 166. I'n disk-texturing station 40, right shuttling

mrror 138 comprisested on a mrror slide 176, together with a left shuttling

mrror 178. Mrror slide 176 i t i I

of shafts 180; usi ngaé‘ %Fﬁﬂﬁ@ﬁoﬁg@féﬁﬁ% cgr%g%% W? %f\safgégcg?f%egﬁggg\%?d

reference tnflddve Shafl, tiherelr saidshitfleext@fds nhidugh efjuakbdibtarssst irooppasitesd
in the direction of arrow 181 as shown in FIG 5, the |aser beans passing

t hrough powlirections from saidi ar; griveghalts, havi ng been derived fromthe out put

of infrared laser 108§, Sﬁﬁﬁsﬁh{?‘éﬁéﬁg'ﬁ gt Qéé#feﬁa oégamﬁﬂdﬁaﬁ?@ml Bén@lo

right disk- handling’s as previously descri rror slide 176
is al ternatglagsemaiddiski 0 a ri ghtward position so that the | aser beans

th h trol t bl fl ff left
rror 178, 0‘62. b o e R clRi S b o8 g g e
di sk- handl i hg;Statd Rita al PBS& Bh S‘1n‘Wl'}i htRst i@ bn?ﬁéﬁﬁué&ﬁﬁhm% ihaligh@edt sk

texturing process are t'o e|t er di sks w n the ri
di sk- handl iwith said ifrst d[skotramsﬂat pointkwhilendl isegond said ngrigper mcbawnmﬁnlmg

Thi 1o (b lopmatituithsaid segendh isls transfer roint: 3d 2 S9q0Rd A tottional pasitiofi>

two mrror Sintﬁhiéhré?éiél ﬂrQleséla%ipdé@&ﬁéctbﬁmﬁﬁis inhaligrnmedt wﬁhfmidlsewnd disk
stations 38, 39, a single pivoting mrror could alternately be %dsgﬁﬁrst

this pur postsansfer point winle:saig segond saigkgrippgr meghanise isiin alignsent
whi ch has b 2 in some detail above, nay be considered to consi st
.basically o t%%?’fﬁf\@ﬁ@ht cycl es

4. The apparatus of Claim 3:

wherein said spindle includes a radially expandable mechanism for
clamﬁing said disk within said central round hole thereof;

wherein said first and second gripper mechanisms each include posts
movable in directions perpendicular to said axis of said arm drive shaft for gripping
said disk by said circular periphery thereof;

wherein said lifter inciﬁdes a groove engaging said disk by a portion cf
said circular periphery thereof;

wherein said arm is movable parallel to said axis of said arm drive shaft
between a first arm transtational position, in which said arm is rotated by said arm
drive means, and a second arm translational position, in which said disk is transferred
between said gripper mechanism and said first spindle, and in which said disk is
transferred between said gripper mechanism and said lifter.



alternating with texturing cycles, wherein each di sk novenent cycle
consists of the novenent of one or two disks by pick-and-place nechani sm
71, and wherein ea  consi sts of the novenent of a single
di sk on the spindl jmmnm!ml“ﬂﬂIFf i cient disks are available for
texturing to allow the °di $k texturing tool 37 to operate at full capacity,
each di sk-novenent cycl e of r| ght di sk-handl Biy—stati on 38 occurs

- sinultaneously wig h gHgeXbyaid %y 1Sin®f drefd I ngt &t180d eeand
~each di sk- novenent cy& 5‘? % hé?nc}ﬁ n’S stggltdl]gﬁﬂ?)gﬁgcéurs s

si mul.t aneoustationithareof; amultaneguslyaheves afirstreaididisk framdsaiddirst diskdrargéer | n

it saray 550l R bt BARE G0 0 Bk AR BB O
t he | aser Q.@qggg,—lwnttma,@ﬂrstmgﬁsfey\/ﬁgmtd| sks to be textured are not

avai l abl e from one of the disk-handling stations 38, 39, the other disk
handling station can continue to run at its full speed. Referrl ng

to FIGS. 5-7, a pef e ' p 8

code scanner 186%'0r f@agpﬁgfaggéﬁ%ég%laﬁrﬁa%eM\%f%\hté{]ﬁ %ie%l'l acec#h% on

of a cassefridexitiy dive ateans mutin@ saidl caisbetterirbd first direstiori $o thét%aldelsks wnam
conputing unjt 70 executes a %am rel ati ng bar c¢odes read by scanner

186. Data §aldRAGkeIHFS %%Rj-f%'aﬁ)é regvRd therriram byysaiktlitlere ABH opRRsie aiddifstan
i nventory [

present. | nobariioh SOREFSuLR soRFRsl 1Aing beBfinioldh Bactd frst exposure PO
flexibilitys snl:bsequ.mmlyenpla!l:edndéhapookmﬁmmmhlcﬂwtmmtaldenhandI ing stations
38, 39 are sinultaneously used as descri bed above, maxim zing the rate of
production for the |aser texturing tooI 37 The use of laser 108 is
optimized, with vari oqufe Shsdmabanet d th &aditiofl idiic Sermslhi) Aeans
station 38, 39 occurring while a dISk 49 |n t he ot her di sk-handling
‘station is apsralgddnpmnvementiaf saidhdisk withir sa%mﬁkes opst aaid lifterwherein said

-2t indexing means moves said cassette in said first direction until said disk sensing

means piovides an output, and stops motion of said cassette in said first direction
when said disk sensing means provides said output.

8. The apparatus of Claim 6, comprising in addition bar code reading
means for reading data encoded on a side of said cassette, wherein said indexing
means moves said cassette in said first direction in response to said data.

9. The apparatus of Claim 6, wherein said indexing means includes an
indexing conveyor carnying said cassette, and wherein said apparatus comprisés
additionally:

a cassette input platform;

an input conveyor extending under said cassette input platform, and
extending to said indexing conveyor, wherein said platform is movable between a
raised position, in which said cassette placed thereon is held above and out of



handl i ng st.ations also provides flexibility; if either of the disk-handling
stations 38, 39—is disabl edm uctlon can continue at a reduced rate

“using the other W!“B ion. A single disk-handling station 38,
39 can al so be u m ‘\ en unt extured di sks sufficient for the

use of both stations @ré nbt ava| lable for the process. VWil e the
~invention has been described in its preferre8 if erm or enbodi nent wth sonme

- degree of paohtaot!with isaid iﬁpdtscdmdﬁéﬁtdmdatlm&édhpésumﬁCTri Phich shiscisiite
given only by way of exanple and t nunmerous changes in the details of

constructi oﬂ"‘efﬁéﬂr'ﬁéﬁ@‘(%"\iﬂéoﬂ%t withsitiineyt epRVeYSFbI nat i on and

arrangenent of parts, - gg{q,q’ t {?pequ{ f; 55?1& .
scope of the |nvent|on or ex rWerFﬁéHs eumnat %Q(Sjll{‘ eg ¢tf°bﬁé‘89ggald
ref erence t caBkéite Shemspriia a ﬁmtmedtldny tc&wardrrim inafexived rndamwmdmpboslwe baid

achi evi ng arg émt rolling nmovenent, such as electric notors driving
| eadscr ews. firstdirection; -28- What

is clained is: a flrst]mgﬁpe sén‘?éort;ﬁ%(/id'idd‘& ﬁrs@'lﬁﬂfut' §i§h5ﬂiﬁ%§hn

central round hole, a circul peri phery, and par al | si'des
sai d appar atpresengepof said.cassette at said casaeﬂasm;ﬁtphtfmm,udl ng a plurality of
pockets, wherein each said P‘ cket nat a first.end to all.owt

i nsertion therein of & &8 ﬁa opuy qﬂs§§ﬁea§ﬁ5\s\%é}rgv@%& sseﬁo&d ts'g"a'

i ncludes a lihdit&ling\C pRSserRReo! §ﬁd06§é§%%ttéeor$§ai@ inpUsicoAPeyor near said indexihg
lifter novable through said lifter access opening to engage said disk ina

pocket wit mqq'myaver.@m ality thereof, wherein said lifter noves said disk
through said first end yfrfidduk %E\sgét?&séﬁmrﬁ(/idﬂ&j Blthird input signal indicating

presence of said cassette on said input conveyor near said cassette input platform,

10. The apparatus of Claim 9, comprising in addition processing means
making a first determination that all said disks to be textured wuthm a first said
cassette on said mdexmg conveyor have been textured:

wherein, in response to said first determination, said indexing conveyor
is driven in said first direction to move said first said cassette off said indexing
conveyor;
| wherein, in response to said first determination together with said
- second input signal, said input conveyor is driven in said first direction to move a
second said cassette off said input conveyor and onto said indexing conveyor;
wherein, in response to said first input signal in an absence of said
second and third input signals, said cassette input platform is lowered, and said input
conveyor is driven in said first direction until said sécond input signal is provided;
wherein, in response to said first input signal with said second input
signal and in an absence of said third input signal, said input conveyor is driven
opposite said first direction until said third input signal is provided, said input cassette



i ndexi g mgans Tor moving-sai-t—eassette adjacent said lifter so that said

lifter is nova piwii f said pockets; a | aser
produci ng a puﬂmmn"m "mﬂmﬂ an optical systemdirecting a
portion of said*l aserL.beamstosa first exposure point; a _
spi ndl e engagi ng said disk at a second disk transfer point and noving said
di sk past said first exposure point; and -32- a pi ck-and-pl ace

mechani sm platformgs $awered), akd fsaizhinpat corivieyst istirtlentin aasd first Bivedtioh ritiks4id
second di sk_transfer 2. The apparatus of Caim 1:

0i nt . .
wher ei n saP%’ H'lﬂuésggj'ltﬂqfsf Brevided: @80ur ns said disk to said second disk

transfer point; in inre ' f ' z %ﬁﬁi
additionally retur nswggir%n'dllnsrg ro% @aﬁd fsiresg!) tsﬁgﬁp{@gﬁ’s erﬂgglé@{gﬁcgngai d
~first di skand&isd npyisignals zsald cassette is held in s#idrraisedfposition.i f t er
additionally engages said disk at said first disk transfer point and
returns said disk to a pocket within said first plurality thereof.

- 29- 3. Tihe ahsaapaﬁasatl@fof@lainﬁre?corw?ﬂéiﬁgracﬁﬁt'idhamyc k-and-pl ace
mechani sm conpri ses: an armrotatable by neans of an armdrive
shaft about an axis 8h Py conkeypnextending paralipkansd adjseent saidinputeonveyor

ek ARS8 o RS S SEAREhI BB C "7 e
sai d di sk; a transfer table movable between a first transfer table position, in which
said transfer table is aligned with an output end of said indeking conveyor and a
second transfer table position, in which said transter table is aligned with an input end
of said output conveyor; '
transfer table translating drive means for moving said transfer table
between said first and second transfer table positions;
a transfer table conveyor on said transfer table;
transfer table conveyor drive means op‘eratirig said transfer table
conveyor to move said cassette in said first direction onto said transfer table
conveyor from said indexing conveyor and to move said cassette opposite said first
direction onto said output conveyor from said transfer table conveyor; .
a transfer table cassette sensor providing a transfer table signal
indicating presence of said cassette on said transfer table conveyor; '
a first output cassette sensor providing a first output signal indicating
presence of said cassette at said cassette output end; and
a second output cassette sensor providing a second output signal
indicating presence of said cassette at said input end of said output conveyor.



armdrive nqeans rotating said armthrough a 180-degree angle between a

first drmrotational posi ti on | n V\/m ch a first said gripper nmechanismis

- in alignment with Immu"lul ransfer point while a second said

. gripper nmechani sm ith said second disk transfer point, and
a second arm rot ati’onal p05|t|on in which said first said gripper

mechanismis in alignment wwth said second-a@di3k transfer point while said

cecond said o Phgt Seglath o il TR Boidi” B ifedheb e

spindle i n%éﬁﬁg é‘ftrrétddéﬂérm;rfétmntﬂﬁbw saidhdisks o foer textavei withinaa dirst said
within said central ‘round hol e thereof; wherein said first and

second gri ppasetlﬁ@@ﬁe&ﬂl@;lﬁﬂmcq)m@md@aﬁ%wnﬁ%%?@ in directions
per pendi cul ar to sai qva-%é%i Fhre§@br?s@fd7é£8 IfYQ e Wﬂé@én il g@gmg%di'\v@y&k

by said circular peri erein sal

I ncl udes  a agkosaid &agswrrlgbmwnubmf arp turpedtoroito shovaisaid icassete on said
peri phery ther eof

erein said armis novabl e
said axis @?d@@ﬂﬁic‘éﬁ'\fﬁY&F in/gaid ﬁﬁ‘ﬁ“"ﬁ%tf @ Said indexing ANV %ﬂ%éﬁg Fandié
posi tion, bl% ghd armis rotated by said armdrive means, and 'a
second arm rans at odal position, in which said disk is jtransferred .
bet ween sai d gri pper wieareimi svnresponsei to fsaid ttransfadtableasignah §fidc indexing

S R R SR e

180-d99ree I8 ali ﬁﬁﬁi’ﬁwﬂiéﬁiﬂb&t‘[ﬂﬁl@'nvey@rves a first said di sk from
said fi rst trans point to said second disk tra\nsfer poj nt %nd a
second said d| sk frorwts%nem Jasesppnseste said transfer table alignment with said output

conveyor and in absence of said first output signal, said transfer table conveyor and
said output conveyor are tumed on to move said cassette oppoéite said first direction
from said transfer table conveyor onto said output conveyor, with movement of said
output conveyor being stopped when said first output signal is provided; and
wherein, in response to said transfer table alignment with said output
conveyor occurring together with said first output signal, said input conveyor is tumed
onto mbve a first said cassette in said first direction until said second output signal
s provided, and thereafter said input conveyor is tumed on, along with said transfer
table conveyor, to move said first said cassette and a second said cassette opposite
. said first direction until said first output signal is provide;d.

13. The apparatus of Claim 11, comprising additionally:

a cassette output platform extending along an output end of said output
conveyor, wherein said cassette output platform is movable between a lowered
position, in which said cassette on said output conveyor is driven onto said cassette
output platform, and a raised position, in which said cassette resting on said cassette
output platform is held above and out of contact with said output conveyor; and



transfgr pqgint to said—first—di-sk—transfer point. 6. The

apparatus of daim.5, ' iaGy gpdexi ng neans i ncl udes i ndexing drive
means novi ng said caH!ﬂ]ﬂB‘““llgﬂ“f“r|m} direction so that said disks within
sai d pockets are seq ¢ ald ynresoved therefromby said lifter, and

' opposite said first direction so that each said di sk, having been noved

. past said first exposure point, is subsequent®ly—replaced in the pocket from

“which it was taken. g third output’casbBfe 8BR&GHrUidRIg ?tl%wg@'éﬁlg%%éﬁﬁ&%ﬁﬁb

addi tion di sk sensi ng neans operated by novenent “of sal thin said
pocket pastpresentd offsaid cassatteapproachingradic cagsetteadutpub pladfosan an saicbeutpaiti n
said first di recé}' on until said disk sensing neans provides an output, and
st ops mot i SYNYPYRhi d cassette in said first direction when said disk

sensi ng neans provides sai d output. 8. The apparatus of C.aim 6,
conprising in addition bar code reading neans for readi ng data encoded on a
si de of said casstt dheapparatus of Glaimytsi sRprsing inBddiionprecessivgtmeans

.said first dj t] | SAl i raf s
of @ ai m 6, MalsELR st Beldiniich el SaltPiifics to bo teured withl? £RRY G
carryi ng saabsettent said indeking eoaveyardiavedygsar teixtiyedpnpri ses addi tional |y:
a cassette input platfor incgeut conyveyor i&xt ndi ng under

caid cassette input VBRTERH iR resRenss o said st detemminalinesaid indexing envever
RSLEL T A Sl BRERPBILABES Al 6o il St e
indexing conveyor in said first direction from said indexing conveyor onto said transfer
table conveyor;

wherein, in response to said transfer table signal, said indexing
conveyor and said transfer table conveyor are tumed on, and said fransfer table is
moved into alignment with said output conveyor;

wherein, in response to said transfer table alignment with said output
conveyor and in absence of said first and third output signals, said transfer table
conveyor and said output conireyor are tumed on to move said cassette opposite said
first direction from said.transfer table'conveyor onto said output conveyor , with
movement of said output conveyor being stopped and said cassette output platform
being moved into said raiséd position thereof when said first output signal is provided;

wheifein, in response to said transfer table alignment with said output
conveyor and said first signal in an absence of said third signal, said transfer table
conveyor and said output conveyor are tumed on to move said cassette opposite said
first direction from said transfer table conveyor onto said output conveyor, with
movement of said output conveyor being stopped when said third output signal is
provided; ,

wherein, in response to said transfer table alignment occurring together
with said first and third output signals, said input conveyor is tumed on to move a first
said cassette in said first direction until said second output signal is provided, and



- 31 -%cont act with said input conveyor, and a |owered position, in which
sai d cassette thereon is npve contact with said input conveyor;
i nput conveyor dr| amﬂﬁ iﬂ“i:g sai d i nput conveyor to nove said

cassette thereon: 1 on toward said indexing neans and
opposite said first d| rect [ on a first input cassette sensor
providing a first input si gnal I ndi cating pBesence of said cassette at said
cassette i rnpetedienshialinput conveyor is tumeéd da¢ aluthg withi saiciisaedfeetabia sonveyor,
providing a second input signal indicati resence of Saléi casdsette on

chg ‘EIS'E first

saj d. i nput {OJRO¥S SAIchHE cagselle ABEA $RF e oppesite sal rectjop iyl

| nput casse%é&ség&%) R{,ﬁ\gé}gé}gs Qrc}\}'ﬂédj dngeut signal indicating presence of
sai d cassette on sal I'nput™ conveyor near said cassette input platform

10. The apparatus of vﬁthenem 9w|tbcsqml|secngd|outauld8tgnahbptr@cewndﬁ;:l nebers said

~making a first rnm nation . .that be textu

T sten o seoodiadbll Shns e, B Byt plaslotmoB 1bwEY fitc Sald blto
wherein, indfe P@ﬁ%@uﬁm‘éd&ﬂi ® rhble Eaﬂ%ﬁ@ﬂs@éﬁé %Foﬁé Shitl Fistdireetic® OME&d | S
driven in said first direction to nove said first said cassette off said

i ndexi ng cdirstgutput signal is providedaherein, in response to said first

determ nation together with said second i nput signal, said input conveyor
is driven in said first direction to nove a second said cassette off said

i nput conveyor and50rTiee spphratudessi Olaigony wherein said optical systémrincindesna
response to said first input si I n_an absence of sajid second and.third

|
i nput  si gna¢%am§aﬁ‘t§ﬁ"c dividing éaﬁ%gg@ampﬂ’%ﬂ“leﬁ' fremsaid lasesqdirgetingsa figstipgstien of
conveyor ds&i& ibEHh o sadhifst Ek{)@éurg'ﬂo?rﬁtdn‘a’h S&ddrd Oﬁ@rglgda 5f§Qqu)éa'ﬁE’t5 a%bgﬁﬁ!

i's provide , "I n response t I'rst 1nput sig
Wi th said sexposdre ppimt, wlnmm said dirstranahsedondrexpostirespoidtst areran opgositessides|.

sai d i nput cponvey is driven opposite said first direction until said
third input ?ﬂﬁQIOSK%nQﬁQﬁﬁ/ﬁ%ﬁ Eﬁ%‘?ﬂd'ﬁnput cassette -

16. Apparatus for texturing a plurality of disks, wherein each disk in said

piurality thereof includes a central round hole, a circular periphery, and flat, parallel,'
opposite sides, and wherein said apparatus comprises:

a laser producing a pulsed laser beam;

. abeamsplitter dividing said pulsed laser beam into first and second sub-
beams; | '

a beam steering mirror directing said second sub-beam to travel parallel
to said first sub-beam;

first and second disk-handling stations, wherein each- said disk-handling
station includes an exposure station in which portions of said opposite sides of said
disks are exposed to said sub-beams; and ‘ -

a shuttling mirror assembly reflecting said first and second sub-beams,
wherein said shuttling mirror assembly is movable between a first shuttling mirror
position, in which said first and second sub-beams are directed to travel toward said
exposure station of said first disk-handling station, and a second shuttliing mirror



- 32 -gplatformis |lowered, and said input conveyor is driven in said first
direction until said Second input signal is provided;, and

wherein, in respon ' ' i nput signal together with said second
.and third input Si Ellmﬁl"llm'ujnmm tte is held in said raised position.
f The apparatus ot Ctaitm @ ¢éonprising additionally: an
out put conveyor extending parallel and adjagent said input- conveyor to a
cassette o | |Fsscdmaedunthd iqa
transfer tgﬁ]génrfg@gvl;ﬁ‘gi ﬁgte %setﬁﬁgj? I rst tranés#}ggtatrgb ea%(r)ds]eyttlr%vril t?wna{snslac‘ﬁ
. sai d transexposueistation of $ajd second kiskshandlingt stetion.of sai d i ndexi ng conveyor
and a second transfer table position, in which said transfer table is

~aligned with an input end of said output conveyor; transfer
tabl e translati ng7drTNé apparftus of OMi n6: sai d transfer table between said
first and second transfer table positions; a transfer table

conveyor on said traWbeeinteaghesaid disk handling stadiesf includgs a spindleybavingi ve

feans Pefidd B eokbiRPial Jabby SRTYEHEN AdeTREfd WinaRbELeS dihdid' ¢

first direction onto rans e conveyor Trom sai X1 N
conveyor abdingaotatioaaliypand traaslatibrallyriventterotighdsalid egposlire etdtioprof@aid diski d

out put convega{_ fromsaid tr aCRsfer tabl e cogveyor; : Lo a transfer

tabl e casspBabglingstatipnAs,93idigigk gngaged thareby it exgogerto said first aRd seceddnce
of said cagggigeanpy? said transfer table conveyor; a first

out put cassette sensor providing a first output signal indicating presence

of said cassette at whetkinasicdiskswithima firstiplurality thereof are changed exosaid

output cas %S.Intd?e of said fiPértogiisl((j-ihgﬂdﬁngs es?aqn%%, %H%%tmgs ia%%ured said disk with an
untextured said disk, while said disk within a second plurality thereof is exposed to
said first and second sub-beams on said spindle of said second disk-ﬁandling station;
and _

wherein said disk within said first plurality thereof is exposed to said first

and second sub-beams on said spindle of said first disk-handling station while said
disks within said second plurality thereof are changed, replacing a textured said disk
with an untextured said disk, on said spindle of said second disk-handling station.

18. The apparafus of Claim 17, wherein each said disk handling statioh
additionally includes: - '
indexing means for moving a cassette having a plurality of pockets,
aligned with one another along a first direction, with each pocket within said plurality
thereof providing a place for holding a single said disk. with each said pocket being
.open from above to allow insertion of said disk therein and removal of said disk
therefrom, and with each said pocket having an access opening at the lower end
thereof, incrementally said first directiori; |
a disk lifter moving upward through said access opening in said pocket
to lift a disk contained therein to a first disk transfer point, with said pockets being



i ndi caft ng presence of—s

conveyor. :

" 12. The apparat us of CLI!!‘MN'“"!H)M| I“Ing i n addition processing nmeans
making a first determ : +said disks to be textured within a
~first said cassette on said indexing conveyor have been textured:

~wherein, in response to said first determsna&7von, said i ndexi ng conveyor
and said t : Y i i

ai d | ndext RedSedBmtiEiny AR Uil bl e erR et R o e Y o
onto. saj d saidrindexingabéans;@amdeyor ; wherein, in response to
said transfer table signal, ,said indexin anvey.or. an ' r f abl e
conveyor are turned erﬁ%ﬁﬁdﬁ?‘&‘ W&ﬁ@?'@ﬁ’ foétﬂ"g%pg %3‘5@5«’1{ ﬁ?%' %‘ﬁéﬁ%‘eﬁ?ﬁ
with said g fwé‘t‘érr HHRY BT second disk transferiREiviherensaigsgisk9¢ placetibd said
transfer table al'ignment with said output conveyor and in absence of said
first outpspindlegnal , said transfer table conveyor and said output conveyor
are turned on to nove said cassette opposite said first direction from said
transfer table conveyor onto said output conveyor, with novenment of said
out put conveyor b nThetauredtustoirClaim d 8 wtsdreinusgidtpicsk-gndiplace mrenhiatiésin
and . wherein, in response to said transfer table alignnent
with said 5@lydas conveyor occurring together with said first output signal,
said i nput conveyor | [ ' ik al €hi
first direction unti F‘%ﬁﬁd@%@%ﬁﬁ%ﬁ?f?g%’ﬁ ?‘2@%?85.&?2?‘* grr‘lgitlsﬁgr%sa:?ter
sai d i nput aganddyeshaft, whereih said ainorextendshthvaiugh tequal fdistanaes én appositer

to nmove said fjrst_said, asseéte %gl%a second sai d cassette opposite said
first dire8irestionsfrem sapam dave A'hut signal is provided.

a gripper mechanism at each end of said arm, adapted_ to grip and to

aid input end of said output
33 -

release said disk; )

amm drive means rotating said aqm through a 180-degree angle between
a first amm rotational position, in which a first said gripper mechanism is in alignment
with said first disk transfer point while a second said gripper mechanism is in
alignment with said second disk transfer point, and a second arm rotational position,
in which said first said gripper mechanism is in alignment with said second disk
transfer point while said second said gripper mechanism is in alignment with said first
transfer point, wherein, during rotation through said 180-degree angle, two said disks
are moved by said arm, with one of said disks being moved from said first disk.
transfer point to said second disk transfer point while another of said disks is moved
from said second disk transfer point to said first disk transfer point.



13. Thegapparatus of_Claim 11, conprising additionally: a
cassette output platformextendi ng al ong an output end of said output ,
conveyor, wherein salﬁlmﬁﬂﬂmﬁumﬂlgm platformis novabl e between a

| owered position, inl tte on said output conveyor is driven
onto said cassette c')ufpuct pLI af'fofm “and a _rasjée_d position, in which said
cassette resting on said cassette output platformis held above and out of

contact with sai d2Q0UtTHE aSEaaeyO6f CRIMA 19:

- 34- a third output cassette sensor providing a third_ output
“signal indicati ng :predigrein said diskdiften saiumsdexyprd sridi digkss ppcketswithia said
out put pl atcfaggghgnaﬁ&! d out put conveyor. 14. The apparat us of

Claim 13, conprising in addition processing neans naking a first
determ nation that alwheminl saic lisdéxingenéand iy @ ddxing gohvepdr additionally

cassette on said i pdexi ng conveyor have heen textuyred:, ] )
e nS e dag sashoasale aPROsS satitie: diachion i sl saic Resket framuwhihysHd
and sai d  gRiubed diskivs RARIPYRA salPdiskiigll on to move sald cassette on

sai d i ndexing conveyor in sald first direction fromsaid indexing conveyor

onto said transfer table conveyor; wherein, in responseto
said transfer tab ignal . _said i ndexi convevor and sai.d, transfer .table
conveyor a6 turned ofie ahkadlig of KRk 29, WHRYEH Sadt SeRl Mk TG athfon
with said gHdmidndlRpMendes: wherein, in response to said

transfer table alignment with said output conveyor and in_absence of sajd
first and third out planiEpyteenveysasupnlyiag saidicasasttes kosaidjndexingimeans, with

out put - CONYEYAF AbRing hBEHs PoliBinIYF qRBLilgSABRFAM TRBRF bhSscifisalong said

input conveyor; and -

| an output conveyor moving from said indexing means to a cassette
output area, with output queuing means providing for queuing a plurality of said
cassettes along said output conveyor.

22. The apparatus of Claim 21, wherein said input queuing means includes:

a platform at an end of said input conveyor, with said platform being
movable between a raised position, in which said cassette when placed thereon is
held aWay from said input conveyor, and a lowered position, in which said cassette
placed thereon is moved with said conveyor;

an input cassette sensor determining presence of a cassette on said -
input conveyor between said platform and said indexing conveyor; and

control means holding said platform in‘s'aid raised position to allow a
first said cassette on said input conveyor to be passed to said indexing conveyor
without movement of a second said cassette on said platform.



first qjrecjion fromsai r . conveyor onto said output

conveyor, wth novene i conveyor being stopped and said

. cassette output pl atfqilmm,mlmglgmkto said raised position thereof when
'said first output signal ics prowi it wherein, in response to
"said transfer table alignment with said out_]ogt9 conveyor and said first
"signal in an absence of said third signal, said transfer table conveyor and
sai d out put conveys dhe appawmdusoftClaim21,swhereinssaidt eutpioguewingamgans
first direction . fromsaid transfer table conveyor onto said output
conveyor, wi't uqﬁﬁlenent of said output conveyor being stopped when said
third output signal i firstroutpgiestissette sensing meang/aekgidoutiplit eRdRsised bat@ai d
transfer table alignnment occurring together with said first and third

out put si gn&PBYE¥Hid i nput conveyor is turned on to nove a first said
casselte TN ald 117 skelbhgduiplh babddneabAking RaAne 4P 4 BhA"S! shi output

t hereafter sandeyormgpasite\sajdoufput endnatd on, along with said transfer table

conveyor, to nove said f*rst cassgette aad F econd c&ssette 9 osif{e said
first direction until ceairl Meeas iR alt oufhyi SPrVeyqris Fxasa i gaid Cassétie
wherein, W ' ' idttidPsHid S ' ' whdre i %(‘féﬁ

out put si gng alﬁ?tggt?ﬁlﬁﬁg‘?le , sall?jsﬁgé&{bgkﬁthgagtg?gé(r%]élhgsﬁowereg"m&;% fd
out put conveégist cassette issvnade readyrto/plaseaion Said outputwonveyon Haid cootrohmgans

e tpnar o HBSEReE iraliby sbaleydy B onth B 9. Byt Bppeste said oudt
beanspl i tt ediredtigh donshiddetondasitfer cassétter sansvridhd #56n . operates isaid dutputst

portion of said beamto said first exposure point and a second portion of
sai d beam t soaveyerdagrive said first and second said cassettes in said output direction until

presence of said first cassette is detected by said first output cassette sensor.



exposure poknt, wherein said first and second exposure points are on
opposite sides of said disk engaged by said spi.ndle. 16.
Apparatus for texturing a plurality of disks, Vherein each disk in said
plurality thereof includes a central round hole, a circular periphery, and
flat, parallel, opposite sides, and wherein said apparatus conpri ses:

a | aser producing a pul sed | aser beam a beansplitter

di viding said pul sed | aser beaminto firstO-and second sub- beans;

a beam steering mrror directing said second sub-beamto travel parallel to
said first sub-beam first and second di sk-handling stations,
wherei n each said disk-handling station includes an exposure station in

whi ch portions of said opposite sides of said disks are exposed to said
sub- beans; and a shuttling mrror assenbly reflecting said
first and second sub-beams, wherein said shuttling mrror assenbly is
novabl e between a first Xﬂ@ﬂg said first and
second sub-beans are diré??é {EQ§FE§% tomar% sal b@ig@éﬁre station of
said first disk-handling station, and a second shuttling mrror

-36- position, in which said first and second sub-beans are directed to
travel towaABSFRAATEXposure station of said second di sk-handling station
17. The apparatus of C aim 16:

A disk texturing tool (37) is used, for example, to provide textured spots in an
annular portion of both sides of a hardfile disk. Diéks are moved into and out of the
texturing process in cassettes, through two disk-handling stations (38, 39). In each disk-
handling station, a lifter raises each individual disk (49) from the cassette (48). The
individual disk (49) is then transferred to a pick-and-place mechanism (71), Which moves
it to a spindle (86). The spindle spins and translates the disk, so that both sides of the
disk are exposed to beams derived from a puised laser. The pick-and-place mechanism
(71) then returns the disk to the lifter (59), which lowers it into the cassette pocket (51)
from which it was taken. The pick-and-place mechanism (71) simultaneously moves one
disk (49) from the lifter to the spindie an another froml the spindle to the lifter. While
disks are moved by the pick-and-place mechanism of one disk-handling station, a disk in
the spindle of the other &isk—handling station is exposed to the laser beams.

Fig. 4.
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o ot .

whér€in each said disk handling station includes a spindle having neans for
~engagi ng said disk by said central hole thereof, with each said spindle
being rotationally and translationally driven through said exposure station
of said disk handling station as said di sk engaged thereby is exposed to
said first and second sub-beans; ' 1/4 wherein said disks within a
first plurality thereof are changed on séld spindle of said first

di sk-handling station, replacing a textured said disk with an untextured
said disk, while said di i N a second plurality thereof s efgosed to

S I S akd\ s
- di sk-handl i ng stati g l \V&
plurality thereof fsilgu il @) R

;
pi ndl e of said 2
erein said disk % 1’?

t and second su-;«xﬁﬁﬁ 114775
gt _stafi on while said digE 8 s
repldaci ng a texture
Ydl e of said second di sk-handling

aim 17, wherein h said disk
19 indeigﬁgﬁnea Jor

o'1sockets, al i gned with one anot her
along a first dir pocket within said plurgg r eof
provi ding a pl ace . Osaid disk, with each‘gg?dhggcket
~bei ng open from above to allow insertion of said disk therein and renoval

spindle of said fj
second plurality
an untextured saij
station.
handl i ng statiq% 2
novi ng a cassette

of said disk therefrom wi th each said pocket having acges pefd ng
at the | ower end theredf fWacr ntally said first directn; SESBPPES
a disk lifter nmoving upward through said access opening in to
lift a disk contained phgsei ggfo a first disk transfer poinf gai d

“pockets being




R T

-37- placed sequentially at said disk lifter by incremental novement of
sai d cassette by said indexing neans; and ' a pi ck-and-pl ace
mechani sm for noving said disk fromsaid first disk transfer point to a
second di sk transfer point, where said disk is placed on said spindle.

19. The apparatus of Caim 18, wherein said pick-and-place nmechani sm

I ncl udes an armrotatabl e by2means of an armdrive shaft about
an axis of said armdrive shaft, wherein said arm extends through equal

di stances in opposite directions fromsaid armdrive shaft; a
gri pper nechani sm at each end of said arm adapted to grip and to rel ease
sai d di sk; armdrive nmeans rotating said armthrough a .

180- degree angle between a first armrotational position, in which a first
said gripper nmechanismis in alignnment with said first disk transfer point
whil e a second said gripper nmechanismis in alignment with said second disk
‘transfer point, and m sesomdl armrotational positign, dn whicl¥ said first

e

said gripper mechani$m4 s khwales [ﬁ:ﬁm&,\sﬁ&sﬁcowd sk +r amsfer point
whi'l e sai d second saild/grli pyef h&_'rcla ijsmijs fin a i gymént pith/sajd first =

transfer point, [FEEs e T w0
sai d disks are npgN¢g bP A ammsact e ea|[f rom
said first disk I g NI -e—
. . ™ . . .
anot her of said_} [ sk trgns §o S
. . \ . - \KN.)
first disk transfy§ | L \
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20. THe apparatus of C aim 19: wherein said disk lifter
returns textured said disks to pockets within said cassette; and

wherein said i ndexing neans i s an i ndexing conveyor additionally noving
sai d cassette opposite said first direction to align said pocket from which

said textured disk was taken with said disk lifter. 21. The
apparatus of O aim 20, wherein each sahg, di sk-handling station additionally
i ncl udes: an input conveyor supplying said cassettes to said
i ndexi ng neans, with input queuing neans providing for gqueuing a plurality
of said cassettes alpprg sai g7 nput conveyor; and 6(Gn 180 put
conveyor moving fromgsaid indexing means to a casse te out put \area, with
out put queui ng 4fea4 | ABOGIINY [ 0I56069¢i NBE@ 158U @8 sa@5l\c tt690
al ong said out 3 22. The i:paratus,o% Cla

wherein said ifgut §uydw [ ncl ; tfo

end of said inp conVeya S il gﬁg' éﬂﬁdjmnwﬁb en

rai sed position§—+A—y oy eA—pi

fromsaid i nput ' 2

pl aced t hereon i edfijv t/h nve y ILED j C s P
sensor determni ;

said platformand sai dexi ng conveyor; and co
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-89- * 23. The apparatus of Caim 21, wherein said output queuing
nmeans i ncl udes: first output cassette sensing neans at said
out put end of said output conveyor; second out put cassette
sensing neans at an end of said output conveyor opposite said output end;
and control neans driving said output conveyor to nove a first
said cassette in an output direction tgfigld first output cassette sensor,
wherein, when a second said cassette i de ready to place on said output

conveyor, said control neans operat%§ @%d ouéﬁut cg veyor to return said
first cassette opposite said outout tion'{o sa'E second out put

cassette sensor and then operatd4 sdid oNt put onveyor to drive said first
A t | presence of said
sensor.
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