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COMPACT DISC TACK CURING ASSEMBLY LINE                        FIELD OF THE
INVENTION              This invention relates to the manufacture         of
compact optical data discs for the storage 5      of information in the
form of a high density of         pits in a flat plastic disc shaped
surface. In         particular it relates to the manufacture of
such discs by the formation of a composite of         two surfaces bonded
to each other during the 10     disc manufacturing process.  Still further
it         relates to apparatus for use in a disc manufac-         turing
assembly line to assure that the re-         sulting composite is planar
after the comple-         tion of the bonding process.   15
BACKGROUND OF THE INVENTION              Plastic discs having a pit optical
track         structure are known as compact discs. Double         sided
discs in which information is recorded on         two sides of such a
structure formed by binding 20     two compact discs and apparatus for
playing         such discs is also known, as in U.S. patents
4,903,140; 4,939,011; 5,097,465; 4,811,324. In         forming such disks
it is also taught in U.S.         patents 5,284,538 and 5,378,517 that it
is ad- 25     vantageous to bring the two disc portions to-        gether
at an angle in order to facilitate bond-        ing.             The term
compact disc as used in this        application includes any disc shaped
recorded 30     medium having pits and lands forming an optical
track structure on a data information recording        planar surface. Thus
it includes such discs        where the information stored as pits and
lands        is digital information, analog information, or 35
information of a graphic or holographic nature.
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Examples of the different types of information        storage are as
follows: Digital information        may be encoded into the pits and lands
as pits        of quantized lengths interpretable as a stream 5      of
digital data, wherein the length of each pit        or land segment may be,
for example, related to        the number of 1's or 0's in a data stream.
An        example of such a system is the compact disc        ("CD") audio
or video disc. Analog information 10     may be encoded into the pits and
lands as pit        lengths that may vary over a continuum of
values, wherein the length of each pit or land        segment may be, for
example, related to a vol-        tage level in a desired output. An
example of 15     such an analog system is the laser disc video
recording system. Graphics may be placed on        the surface of a disc by
employing the light        reflection properties of pitted surfaces that
are visible to the unaided eye. Similarly 20     holographic information
may be stored in a        pit/land format, particularly where it is
possible to vary the pit depth to create re-        flection interference
patterns that are visible        as a holographic image viewable by the
unaided 25     eye.             In order to increase the density of infor-
mation stored on compact discs it is known to        manufacture a sandwich
of two thin data bearing        surfaces that are bonded together. It is
nec- 30     essary to use thin surfaces in order to mini-        mize the
coma associated with the passage of        light through the plastic
material to reach the        data pits. It is also known to bond one thin
data surface to a thin supporting surface. The 35     two surfaces are
bonded together, typically        with the use of ultra-violet curable
adhesives.        The injection molding process and the ultra-
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violet bonding process tend to introduce dis-        tortions from
planarity of the surface of the        resulting compact disc, primarily
because of        the heat introduced by those processes. Thus  5     when
played the surfaces do not remain a fixed         distance from the reading
laser. Since the         laser light is neither perfectly columnar nor
uniform in intensity, the result is inconsis-         tency in the reading
of the data from the disc. 10     This problem defeats the use of the
conven-         tional assembly line for the manufacture of         compact
discs. The conventional assembly lines         did not face the aforesaid
problems because the         greater thickness of the plastic surface of
the 15     compact disc provided greater stability against
deformation.              The use of two surfaces bonded by an ad-
hesive enhances distortions in the surface.        This is particularly
true when one of the two 20     thin discs has recently emerged at
relatively        elevated temperature from an injection molding
machine while the second disc to be part of the        "sandwich" is
cooler. In the prior art prac-        ticed by such machines as those
produced by 25     Origin and Kitano, a uniform spread of the
adhesive is obtained by laying down a circular        bead of adhesive near
the central hole of a        first disc surface, bringing the second
surface        above the first until it contacts the bead of 30
adhesive and then rapidly rotating the combin-        ation. Centrifugal
force then spreads the ad-        hesive uniformly between the two
surfaces. This        sandwich is then uniformly illuminated by
ultra-violet radiation to cure the adhesive. 35     The result is generally
unsatisfactory as the        surface is subject to deformation from plan-
arity at each stage. It has been discovered by
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present inventor that one cause of this de-        formity is that the
rotation of the surfaces        while they contact the adhesive tends to
draw        the outer circumference of the discs together. 5      One
aspect of the invention is designed to com-         pensate for this defect
in the prior art.                 BRIEF DESCRIPTION OF THE INVENTION
The present invention relates to two layer         compact disc information
retrieval systems hav- 10     ing a pit optical track structure.  In
particu-         lar the invention relates to a method and
apparatus for bonding together two compact half         discs or one half
disc and a support or fill in         half disc to form a double layered
disc in an 15     assembly line manufacturing system.              The
invention is specifically concerned        with the manufacture of 0.6 mm
thick optical        discs produced by an injection molding machine
for lamination to either blank or information 20     side similar discs.
Injection molding methods        and apparatus are known in the art.
Injection        molding can be generally described as a repli-
cation process in which a molten material (usu-        ally a polymer) is
injected into a cavity and 25     after cooling forms the geometry of the
cavity.              The present invention involves a combin-        ation
of improvements of the assembly line pro-        cess for the manufacture
of compact discs. It        involves improvements in several stations. The
30     present invention is an in-line system for fab-        ricating a
double layered compact disc by bond-        ing together two surfaces, at
least one of        which is information bearing, separately re-
ferred to as half discs. The system comprises 35     stages for the
injection molding of the disc        surfaces and their metallization, an
adhesive                                  4                   Printed from
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dispensing and distributing station including a        unique spacer chuck,
a preliminary tacking sta-        tion, and a final bonding station
comprising a        unique disc deforming jig . 5           The spacer
chuck is used to maintain a        separation between the two half disc
surfaces        subsequent to the application of an ultra-vio-        let
light curable adhesive to one surface and        prior to its spreading
across the disc surface. 10     This separation chuck engages the discs at
their central openings. It has a detent past        which the lower disc
half is pushed, while the        upper disc half is placed on the chuck to
lie        against the upper surface of the detent. The 15     chuck
enables a rapid and careful timing of the        series of steps in which
the adhesive is con-        tacted by the second surface, spread, and tack
cured. The assemblage of discs at all stations        is positioned by
robotic mechanisms. 20          Tack curing is achieved by a low intensity
exposure to ultra-violet light that exposes        primarily the non-data
portions of the disc,        i.e. the inner and outer radii that extend
beyond the metallization region. This tack 25     curing is a feature of
the invention that        allows the movement of the composite to the
final curing station where the surfaces are        subjected to intense
heat that could tend to        deform the surfaces unequally. At the final
30     bonding station a unique disc deforming jig        holds the disc in
a particular curved config-        uration so that it forms a flat surface
after        cooling from the bonding station temperature.        By
tacking down the radii as described and 35     using the disc deforming
jig, motion of the        disc surfaces and the attendant distortion is
avoided.                                  5               WO 98/57806
PCT/US98/04263                 BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 shows in perspective the disc de-         forming jig of the present
invention. 



Figs. 2 A-C are side views of the disc de-  5      forming jig of the
present invention.  Fig 2A         shows the jig arrangement for a flat
disc,         Fig. 2 B shows the jig arrangement for a disc         with
positive tilt; Fig. 2 C shows the jig         arrangement for a disc with
negative tilt. 10          Fig. 3 is a side view of the spacer chuck
of the present invention.              Fig. 4 depicts the in-line system of
the         present invention for producing two layer com-         pact
discs. 15          Fig. 5 shows a cross section of the         arrangement
of half discs and adhesive prior to         adhesive spreading.
Figure 6 depicts a cross section of a         double sided compact disc
produced by the 20     present invention.              Figure 7 depicts a
top view of the compact         disc of the present invention.
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS              A preferred
embodiment of the present in- 25     vention may be best described in
connection        with the figures. Fig. 6 depicts a cross sec-        tion
of a portion of double surfaced compact        disc 1 formed from an upper
half surface 3 and        a lower information bearing half surface 5 . 30
The surface 3 may be, but need not be, informa-        tion bearing. Each
half bearing surface is        formed by injection molding a polycarbonate
plastic surface having a pattern of pits and        lands 7 and coating the
pits and lands with a 35     metallic reflective coating 9.  The in-line
system is shown in Fig. 4, in which an injec-
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PCT/US98/04263         tion molding station 11 injects a molten
transparent polycarbonate plastic into a mold        cavity, having a
stamper on one face to produce        a clear plastic disc 5 with pits 7
impressed on 5      one side.  The molded plastic disc is place in        a
carousel 17 which rotates to bring it to the        metallization station
13 where it is lifted by        a robotic arm brought into the
metallization        station, coated upon its pitted surface with a 



10     reflective metal layer 9 and returned to the        carousel. Where
the surface is not information        bearing it would not require a
metallization        step.              In one embodiment the half disc 5
travels 15     upon disc transport belts 15 during which time        it
cools somewhat. The corresponding upper        disc half 3 waits upon a
spindle for assembly.        At each station of the carousel a spacer chuck
as shown in Fig. 3 is present. When the disc 20     half is returned from
metallization by a        robotic arm it is forced down from above onto
the spacer chuck past the detent element 25.             As depicted in
Fig. 5, the lower disc half        is moved by a robotic arm to a rotation
station 25     23.  At station 23 the lower disc half is        placed upon
a spacer chuck 21 shown in detail        in Fig. 3. A fluid dispensing arm
19 places a        ring of an ultra-violet curable adhesive as the
lower half disc as it is slowly rotated through 30     a full rotation on
the spacer chuck.  The        detent has a lesser height than the layer of
adhesive 27 placed at an inner radius of the        lower half disc. A
robotic arm then removes        the upper half disc from the spindle 20 and
35     places it upon the spacer chuck as shown in        Fig. 5, so that
it does not contact the ad-        hesive 27. Then within about a two
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robotic arm that reaches into the space between         the spacer chuck
and the central hole in the         two disc surfaces to lift the disc
while main-  5      taining the separation established by the
detent in the spacer chuck. The space between         the chuck and the
central hole is accessible         because the detent does not extend
around the         entire circumference of the spacer chuck. The 10
combination is lifted to one of two spin sta- 



tions 24 where the upper surface comes into         contact with the
adhesive and the sandwich of         discs and adhesive is rapidly spun to
spread         the adhesive to form the thin layer 4 shown in 15     Fig.
6.  (Note that the dimensions shown in         Fig. 6 are not to scale.)
The composite is         then lifted to a second carousel 18 where it is
tack cured by exposing the composite to ultra-         violet light of low
intensity adjusted so that 20     primarily the inner and outer
circumferences of         the disc halves are bonded. This may be simply
accomplished because the compact disc, as shown         in Fig. 7, has a
metallization layer that does         not extend to either the internal or
external 25     radii of the disc.  Since the metallization of        the
disc has been accomplished prior to this        exposure, it is sufficient
to bathe the entire        disc in ultra-violet radiation and rely upon
the shielding by the metallization layer to 30     effect the tacking of
the surfaces together at        their inner and outer circumferences. Tack
curing is effectively limited to the inner and        outer regions 29 and
31.             The disc composite is then engaged by the 35     disc
deforming jig 33 shown in Fig. 1.  The jig        has an inner ring of
suction feet 35 and outer        ring of suction feet 37 that hold the disc
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feet are moveable with respect to each other by         raising the central
potion 34 to which the         inner suction feet are attached, with
respect  5      to the outer ring 39.  The adjustment is made         by a
screw mechanism engaged by the knob 37         seen for example in Fig. 2A.
The adjustment         results in a raising and lowering of the suc-
tion cup feet that bear against the disc sur- 10     face.  A vacuum is
present through channels         leading to the feet to engage the disc and
to 



force it firmly against the suction cup feet so         that the adjustment
in position effects the         deformation of the disc resulting in
planarity 15          As shown in Fig. 2A-2C, the disc deforming
jig 33 holds the disc flat as in Fig. 2A or de-         formed either
positively as in Fig. 2B or nega-         tively as in Fig. 2C during the
final curing         stage occurring at curing station 41. As de- 20
picted in Figures 2 A-C the jig is adjusted to         compensate for any
overall non-planarity that         the preceding process steps were unable
to         eliminate. The jig is not adjusted on a disc         by disc
basis, but is adjusted to compensate 25      for the average tilt resulting
from the opera-         tion of the assembly line. While engaged by
the jig the composite is exposed to sufficient         ultra-violet light
to cure the adhesive.         Although this requires the ultra-violet light
30     to pass through the metallic layer, that is         accomplished by
using a high intensity ultra-         violet source. In this manner a flat
composite         is formed even though substantial heating of         the
composite may occur. 35          Although the invention has been described
in terms of specific embodiments, it is in-         tended that the patent
cover equivalent substi-                                  9             WO
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tutions for any of the elements of these em-       bodiments, and that the
protection afforded by       this patent be determined by the legitimate
scope of the following claims:               
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What is claimed is:         1.  A method for controlling the planarity of
a compact disc formed by bonding two half disc         surfaces, comprising
5           (a) preparing the half disc surfaces by         injection
molding and metallization of at least         one half surface,
(b) placing a ring of adhesive on an inner         radius of one of the
disc halves, 10           (c) locating both disc halves on a spacer
chuck so that the discs halves are separated,              (d) removing the
disc halves from the         spacer chuck to a station where the disc
halves         may both contact the adhesive 15           (e) spinning the
disc halves to spread the         adhesive to form a layer between the said
disc         halves              (f) tack curing the adhesive,
(g) adjusting a deforming jig to a 20     predetermined curvature,
(h) engaging the composite disc with the         said jig adjusted to
deform the composite to         said predetermined curvature,
(i)further curing the adhesive.   25     2.   The method of claim 1 wherein
said place-        ment of adhesive occurs after one of the disc
halves is located on the spacer chuck.          3.   The method of claim 1
wherein said loca-        tion of disc halves leaves both disc halves in 30
contact with said adhesive.          4.   The method of claim 1 wherein
said tack        curing provides some adhesive bonding through-        out
the adhesive layer.                                   11
Substitute sheet - 23 December 1999         5.  The method of claim 1
wherein said adjust-        ing the deforming jig to a predetermined curva-
ture comprises the step of moving an inner disc        retainer with regard
to an outer disc retainer.  5      6.  The method of claim 5 wherein said
inner        and outer disc retainers are rings of suction        feet
adapted to hold a surface of the disc        composite. 
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composite and to be displaced with respect to         one another so as to
force the deformation of         the disc composite prior to bonding
thereby to 5      compensate for deformation accompanying bond-
ing. 



9.   The in-line system for manufacturing a         compact disc composite
of claim 8 wherein said         inner and outer disc retainers comprise
rings 10     of suction feet, and said jig comprises vacuum        channels
to provide vacuum to said feet.
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