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(54) Title: TILT MANAGEMENT DEVICE AND METHOD

(57) Abstract: Tilt management device (3) for
modifying and controlling the tilt of optical discs
(9), comprising a support (2) for supporting an
optical disc (9), force applying means for apply-
ing on the disc (9) a force for attracting and/or
pushing at least a part of it towards the support

(2), thus modifying the tilt of the disc (9), a con-
troller (6) for varying the force, thus varying the

tilt of the disc (9). Tilt management method for
modifying and controlling the tilt of optical discs
(9), comprising the steps of placing an optical
disc (9) on a support (2), applying on the disc
(9) a force for attracting and/or pushing at least a
part of it towards the support (2) thus modifying
its tilt, varying the force for varying the tilt of the
disc (9). With the tilt management method and
the tilt management device (3) of the invention,

optical discs (9) can be produced with a prede-
termined tilt value different from zero. The tilt
of the optical disc (9) can be varied by varying
the force applied on it immediately before and/or
during its set-up, for example its bonding with
ultraviolet radiations. With the tilt management
method and the tilt management device of the in-
vention, we can thus pre-stress the optical disc
(9) during its set-up, for example during its bond-
ing through curing of an ultraviolet curing glue
spread between its substrates.
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Tilt management device and method

The present invention relates to a tilt management device and to
a tilt management method. The present invention relates more particularly
to a device for managing and controlling the tilt of assembled optical discs.

Some optical data carriers, in particular digital versatile discs
(DVDs), are made of the assembly of two half-discs or substrates that
preferably adhere together with an ultraviolet curable glue. During the
manufacture of recordable DVDs, for example, a first plastic substrate is
first covered with a thin film of a recording ink, often referred to as dye,
and then with a thin metal layer. An ultraviolet curable glue is then
preferably applied on the metal layer and a second plastic substrate is
deposited on the first one. The two substrates are then for example rotated
together in order to regularly spread the glue between them. The disc is
then submitted to ultraviolet radiation in order to polymerize the glue and
thus bond the two substrates together.

An important quality criterion for optical discs is their planarity.
In particular the recording speed and/or the data access speed strongly
depend on the disc's planarity. If a disc is not sufficiently flat, the laser
beam writing and/or reading data on the disc needs to be often focused on
the recording and/or data containing layer, thus extending the time
needed for writing and/or reading data. The disc's planarity thus
determines the maximal writing and/or reading speed on the disc.
Recordable DVDs (DVD-R, DVD+R) and rewritable DVDs (DVD-RW,
DVD+RW), for example, are categorized in function of their planarity. Discs
with a better planarity will be sold as discs able to achieve higher writing
speed, for example 16x instead of 8x. With the increasing market needs for
high writing and/or reading speed, the requirements regarding the
planarity of the optical discs thus also increase.

A measure of the planarity is the tilt which represents the height
difference between the center of the disc and its outer diameter when the
disc is placed horizontally. The tilt value can be essentially constant over the
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entire periphery of the disc, i.e. the disc is either slightly concave or slightly
convex, or it can significantly vary and have one or more local maxima and

minima along its periphery. This is for example due to deformations such as
radial waves distributed around the center of the disc.

Prior art solutions to improve the planarity of assembled optical
discs usually include maintaining them on a flat surface during at least a
part of their manufacturing process. A first solution is for example to lay
the discs on a perfectly flat surface for a sufficiently long period, such that
they conform to the flat surface under the effect of their own weight. This
solution however does not allow very low tilt value to be achieved.
Another solution is for example to press the discs between two flat
elements for some time. A drawback of this solution is the risk of
mechanical damage to the discs if they are pressed too strongly. Still
another solution is to firmly hold the disc against a flat grid by sucking air
from below it.

After the bonding of the substrates, the assembled discs however
usually undergo further operations such as for example drying, printing of
various information such as the manufacturer's name and the maximal
writing speed, etc. During these operations, and particularly during
printing which is usually done by serigraphy, the discs can be subjected to
further deformations which increase again their tilt value. Serigraphy on
one surface of the discs, for instance, implies mechanical stress on this
surface which can cause the discs to become slightly concave or convex,
thus increasing their tilt value which can then possibly fall out of the
required range.

An aim of the present invention is to propose a device and a
method allowing for a more accurate control of the tilt value of assembled
optical discs.

Another aim of the present invention is to propose a device and
a method allowing for future deformations of assembled optical discs to be
compensated.
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These aims are achieved with a device and a method with the
characteristics of the corresponding independent claim, variant
embodiments being given by the dependent claims.

These aims are achieved in particular with a tilt management
device for modifying and controlling the tilt of optical discs, comprising:
a support for supporting an optical disc,
force applying means for applying on the disc a force for attracting
and/or pushing at least a part of it towards the support when the disc is
placed on the support, thus modifying the tilt of the disc,
a controller for varying said force, thus varying the tilt of the disc.

These aims are also achieved in particular with a tilt management
method for modifying and controlling the tilt of optical discs, comprising
the steps of:

- placing an optical disc on a support,

- applying on the disc a force for attracting and/or pushing at least a
part of it towards the support, thus modifying the tilt of the disc,

- varying the force for varying the tilt of the disc.

With the tilt management method and the tilt management
device of the invention, optical discs can be produced with a

'predetermined tilt value different from zero. The tilt of the optical disc can

be varied by varying the force applied on it immediately before and/or
during its set-up, for example during its bonding with ultraviolet
radiations. With the tilt management method and the tilt management
device of the invention, we can thus pre-stress the disc during its set-up, for

- example during its bonding through curing-of an ultraviolet curing-glue

spread between its substrates.

The invention will be better understood with the help of the
description of a preferred embodiment illustrated by the figures in which:
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Figure 1 is a top view of an example of a curing station with a tilt
management device according to a preferred embodiment of the
invention,

Figure 2 is a front view of a tilt management device according to
a preferred embodiment of the invention,

Figure 3 is a partially cut perspective view of some elements of
the tilt management device of figure 2,

Figure 4 is a partially cut side view of the elements of figure 3
with an optical disc,

Figure 5 is a partially cut side view of the elements of figure 3
when forcing the optical disc into an example of a required shape.

Unless otherwise stated, the same references designate the same

objects in all figures.

In a preferred embodiment, the tilt management device of the
invention is associated with a manufacturing line for the manufacture of
assembled optical discs made of at least two substrates. These optical discs
are for example digital versatile discs (DVDs), for example recordable DVDs
(DVD-R, DVD+R), rewritable DVDs (DVD-RW, DVD+RW) and/or prerecorded
DVDs (for example DVD-9). In a first part of the manufacturing process,
which falls outside the scope of this invention, a first substrate is for
example coated with a data recording composition such as dye or it is
imprinted with digital-data: It is then covered with-a thin metal layer. A
preferably ultraviolet curable glue is then applied on the first substrate and
a second substrate is laid on the first one. The two substrates are then for
example rotated together in order to regularly spread the glue between
them.

Once the glue is regularly spread, the disc is preferably set up by
bonding the substrates together, for example by exposing the assembled
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disc to ultraviolet radiations in a preferably automatic curing station. Figure
1 partially and schematically illustrates an example of a curing station
comprising a tilt management device according to a preferred embodiment
of the invention. The curing station includes for exammple a horizontally
rotating plate 1 comprising five supports 2 able to each carry a disc. The
plate 1 is preferably rotated in a step-by-step moverment by a fifth of a turn
at each step, thus defining five positions A, B, C, D, E around its periphery.
At each step, the supports 2 are stopped in these defined positions A, B, C,
D, E, each support 2 being stopped successively in each position A, B, C, D,
E. The rotating plate 1 is for example actuated by a stepping rotating
motor (not represented).

The curing station comprises for example two entry positions A, B
followed by one curing position C and two exit positions D, E. Two
assembled discs to be bonded are thus for example deposited at every
second step of plate 1 on the two supports 2 stopped at the entry positions
A, B. The discs are preferably deposited automatical 1y by the previous
element of the automatic optical disc production line.

The curing position C comprises for example an ultraviolet device
(not represented) capable of generating ultraviolet radiation flashes for
polymerizing the ultraviolet curable glue and therelby bond together the
two substrates of the exposed discs. The ultraviolet device preferably bonds
one disc at a time and preferably generates one flash per step of plate 1. At
each step, the disc which is stopped at the curing position C is thus
preferably bonded. A tilt management device 3 according to the invention
is preferably associated to the curing position C. The operation of the tilt
management device-will be described later.

The set-up discs are then removed from the curing station at one
of the exit positions D or E. The discs are for example automatically
removed two-by-two at every second step of the rotating plate 1.

With reference to Figure 2, the tilt manag ement device 3
according to a preferred embodiment of the inventi on comprises a suction



10

15

20

25

30

WO 2006/048045 PCT/EP2004/052808

nozzle 4 preferably terminated with a flexible suction pad 40. The suction
pad 40 is for example made of a soft and tight material such as rubber in
order to provide a tight connection between the suction nozzle 4 and the
support 2 placed above it, whereas the bottom side of each sup port 2 is
preferably at least partly accessible through an opening (not represented)
in the rotating plate 1. The suction nozzle 4 is connected to a vacuum
source 61 through a plug 41 to which for example a flexible hose (not
represented) is attached. The suction nozzle 4 is preferably held vertically
under the support 2 stopped at the curing position C. The suction nozzle 4
is preferably attached to a linear actuator, for example to a pneumatic jack
5, which can move it vertically in order for the suction pad 40 to be applied
against the lower surface of support 2. The pneumatic jack 5 is for example
connected to a source of compressed air (not represented) through two
plugs 51, 52 to each of which a hose (not represented) is for example
connected. The pneumatic jack 5 is elevated or lowered by opening one or
the other connection to the source of compressed air.

An advantage of using a pneumatic jack 5 for actuating the
suction nozzle 4 is its usually high acceleration and low inertia allowing to
reach very short connection times having very little impact on the rate of
the production line. Other actuators, some of which having the same
advantages, can however be used within the framework of the invention
for actuating the suction nozzle 4. The actuator can for example be an
electromagnetic actuator, for example a linear voice coil motor.

The tilt management device 3 further comprises a preferably
electronic controller 6 for controlling the suction force through the suction

- nozzle-4. The controller-6 thus preferably controls-the power of the source

of vacuum and/or regulates the connection of the suction nozzle 4 to this
source. The controller 6 preferably comprises a display 60 for dis playing
information, for example vacuum value and/or warning messages, to an
operator. The controller 6 is preferably synchronized with a controller of
the curing station which for example controls and synchronizes the
movements of the plate 1, the movements of the pneumatic jack 5 and/or
the ultraviolet radiation flashes.
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Figure 3 illustrates in more detail the structure of a support 2 and
of the suction nozzle 4 according to a preferred embodiment of the
invention. The support 2 comprises an essentially flat and horizontal
annular resting surface 20 for supporting most of the surface of an optical
disc (not represented). In its center, the support 2 comprises a centering
device 21 for centering a disc which is deposited on the support 2. The
centering device 21 is for example a protruding circular element whose
external diameter is only slightly inferior to the internal diameter of the
central opening of an optical disc. The profile of the centering device 21 is
preferably conical in order to correctly center the deposited discs, even if
they are initially slightly shifted. The centering device 21 also centers the
two substrates of the assembled disc relative to each other. When the
assembled discs are deposited on the support 2, the glue between the
substrate is preferably still liquid. The substrates can thus slide relative to
one another. Both substrates having a central opening of same diameter,
they are both correctly centered around the centering device 21 when they
are deposited on the support 2. They are thus also centered to each other.

Other forms of centering devices for centering the optical disc
placed on the support 2 are however possible within the framework of the
invention. Preferably, the centering device is located in the center of the
support 2 and is inserted in the central opening of the disc placed on the
support 2. In a variant embodiment, the centering device comprises for
example elastically retractable elements on its periphery in order to adapt
its outer diameter to possible variations of the diameter of the central
openings from one optical disc to the other.

- - Thesupport 2 further comprises an annular-groove 22 for

lodging the annular ridge which is usually present on most optical discs and
participates to their centering on the tray of some readers. Between the
annular groove 22 and the centering device 21, the support 2 comprises a
series of apertures 24 which are preferably regularly distributed around its
center, for example on a same diameter. When the pneumatic jack 5 is
elevated and the suction pad 40 is pressed against the lower surface of the
support 2, the apertures 24 are connected to the vacuum nozzle 4 through
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openings and air ducts within the support 2. The apertures 24 are for
example directly connected to a chamber 25 formed for example by an
annular groove on the lower side of the support 2. The chamber 25 is for
example closed by a cover 26 and its air tightness is preferably guaranteed
through O-Rings placed between the cover 26 and the lower side of the
support 2. The cover 26 preferably comprises an opening 27 situated above
the aspiration nozzle when the support 2 is stopped in the curing position
C. When the suction nozzle 4 is elevated, it is thus connected to the
chamber 25 of the support 2.

Between the apertures 24 and the centering device 21, the
support 2 preferably comprises a further annular groove 23 whose role will
be explained further below.

The tilt management method according to a preferred
embodiment of the invention will be described with reference to the
figures 4 and 5 which illustrate the tilt management device 3 of figure 3
with an optical disc 9 made of the assembly of two substrates placed on it.

The disc 9 to be set up by bonding its substrates together is
placed on the support 2 at one of the entry positions A or B and rests on
the resting surface 20. The centering device 21 is inserted in the central
opening of both substrates of disc 9 and thereby centers them relative to
each other and relative to the support 2. Under the effect of its own
weight, the disc 9 essentially conforms to the shape of the resting surface
21 which significantly attenuates possible irregular unevenness of the disc 9
such as for example radial oriented waves.

Once the support 2 is brought into the curing position C and
stopped, the pneumatic jack 5 is actuated to elevate the suction nozzle 4
until the suction pad 40 pushes against the lower side of the support 2. The
suction pad 40 is applied around the opening 27 in order to link the cham-
ber 25 to the suction pad 4 through this opening 27. The suction pad 40 is
preferably pressed against the lower side of support 2 with a force ensuring
an airtight contact between the suction nozzle 4 and the support 2.



10

15

20

25

30

WO 2006/048045 PCT/EP2004/052808

Air is then sucked through the suction nozzle 4 by opening its
connection to the vacuum source and/or by switching on the corresponding
vacuum source. Air is thereby sucked from the openings 24 through the
chamber 25, thus attracting the center of the disc 9 towards the bottom of
the support 2. The suction force through the openings 24, and consequent-
ly the force applied on the disc 9, can be varied by varying the low pressure
level in the suction nozzle 4. The force applied on disc 9 is preferably
applied close to its center, preferably inside the annular ridge 90. If this
force is kept relatively low, the entire disc 9 is regularly pulled towards the
bottom of the support 2 and rests against the resting surface 20. When the
suction force increases, the central part of the disc 9 is pulled with an
increasing force against the openings 24 thus provoking the periphery of
the disc 9 to rise from the resting surface 20 and the edge of its central
opening to slightly sink within the groove 23. A tilt different from zero is
thus applied on the disc 9 which becomes for example slightly concave (see
figure 5). The tilt of disc 9 can thus be modified and/or controlled by
modifying and/or controlling the suction strength through the apertures 24
thereby modifying and controlling the strength with which the center of
the disc 9 is attracted towards the bottom of the support 2. The suction
force is preferably managed by the controller 6 which controls the connec-
tion between the suction nozzle 4 and the respective vacuum source.

Once the disc 9 has the desired tilt value and this tilt value is
preferably stabilized, it is submitted to ultraviolet radiations in order to
cure the glue and thus bond the substrates together. The substrates being
then unable to significantly move relative to each other, the disc 9 after the
radiations is set up and essentially keeps the shape which was maintained
during the curing-operation. The disc-9 is thus set up with a desired-and
predetermined tilt value which can be different from zero. The disc is thus
for example pre-stressed in order for instance to compensate future
deformations. Once the glue is cured and the disc 9 is thus bonded, the
suction force is released and/or the suction nozzle 4 is lowered. The plate of
the curing station is then moved one step further in order to bring a new
disc to the curing position C.
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The disc 9 is removed from its support 2 at one of the exit
positions D, E of the curing station and possibly undergoes further
operations. During these operations, the disc can be submitted to external
constraints which could imply some deformation impacting its tilt. With the
tilt management device of the invention, these later deformations can be
compensated by the predetermined tilt applied to the disc during the
curing operation.

The desired tilt value and/or pre-stress is thus preferably
determined according to the operations which the disc 9 will undergo after
the curing operation. These operations are for instance printing, for
example serigraphy, drying, testing, etc., which possibly imply further
impacts on the disc's tilt, for example due to surface constraints. The tilt
applied to the disc during curing is thus preferably determined in order to
compensate for these further deformations, so that the tilt of the finished
disc is as close as possible to zero.

With the tilt management device 3 of the invention, a desired tilt
can thus be applied to an optical disc 9 before its set-up, by regulating a
force with which preferably its center is attracted or pushed against the
bottom of a support 2 on which it rests. Preferably, the force is an
attraction force exerted by pneumatic means. Other means for applying a
force on the disc 9 are possible within the framework of the invention, such
as for example mechanical elements pushing the disc 9 against the support
2, etc. Moving mechanical elements are however usually more complicated
to realize and could damage the disc 9 when brought into contact with it.

~The force is preferably-applied close to the center of the disc 9 in
order to act with a higher lever arm on its geometry. Moreover, the force is
preferably applied on a part of the disc 9 which is and always will be free of
optically recorded data, typically inside the annular ridge 90, thus avoiding
any damage which could destroy data or prevent their writing and/or their
reading on the finished disc.
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The tilt of the disc 9 is measured for example by optical means
located near the curing position C of plate 1. Optical means comprise for
example a camera for taking images of the disc 9 resting on the support 2
and image processing means for automatically measuring the deformation
of the disc 9. Other tilt measuring means can however be used within the
framework of the invention. According to a variant embodiment, each
support 2 includes optical and/or electrical detection means for detecting
when the periphery of the disc 9 reaches a certain height. These detection
means are for example horizontal infrared beams which emit an electrical
signal when they are interrupted.

According to an embodiment of the invention, the tilt value of
each disc 9 is measured and monitored in the curing position C while force
is applied on it. The force applied on each disc 9 is thus instantly corrected
in function of the measured tilt value and its difference to the desired tilt
value. According to this embodiment, the tilt of each disc 9 and the
corresponding applied force is regulated individually.

According to another embodiment, the force required for
obtaining a desired tilt value with a certain type of disc is determined
through sampling. The required force for a desired tilt is for example
adjusted as explained before only on a limited number of preferably
identical discs. The force required for each one of these discs is measured
and an average force is for example calculated. The next discs of this type
will then each be cured while maintained on the support 2 with this
average force. Preferably some sample measurements are regularly
performed on some of the following discs in order to check if the applied

-average force-is still adapted-for the rest of the-production and to adapt it

if necessary.

According to another embodiment of the invention, the tilt of
the discs is measured after the curing operation, for example on a separate
test station preferably independent from the curing station, for example at
the end of the automatic production line. Either all discs or only some of
them are tested on the test station. In a variant embodiment, the tilt is not
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measured in the curing position C, neither before curing nor after the
curing operation. The force applied on the discs at the curing position is
then preferably corrected according to the tilt values measured in the test
station and their difference to the desired value. An advantage of this
solution is that tilt measurement is preferably performed on a test station
which is specially and optimally designed for this task, thus allowing
optimal measurements. A disadvantage however is that the corrections of
the force applied on the discs at the curing position are determined on the
basis of discs which underwent the curing operation some time before and
that several discs might have been produced in the meantime with a wrong
tilt.

In a still further embodiment, both correcting methods are
combined: the tilt of at least some discs is monitored at the curing station
in order to define before the curing operation the force to be applied in
order to achieve a certain tilt, and the tilt of at least some bonded discs is
measured on a further test station in order to achieve finer adjustment of
this force.

In the description above, the substrates are bonded together
using an ultraviolet curable glue. Other adhering compositions can
however be used within the framework of the invention for attaching the
substrates to each other, for example other types of glue. The adhering
composition will however preferably be a material which can be quickly
cured or dried in a single operation while force is applied on the disc. This
operation could be for example a high temperature drying operation, etc.

According to the invention, force is-applied on the disc by
pneumatic means in order to control its tilt value. Other means can
however also be used within the framework of the invention for applying
force on the disc and modifying its tilt. These means can be for example
mechanical means, for instance a mechanical device pushing the center of
the assembled disk against the bottom of the support, grips gripping the
disc on its upper surface through its central opening and pulling it towards
the bottom of the support, etc. A disadvantage of using mechanical devices
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for applying a force on the discs is that these devices usually imply accessing
the upper side of the disc and at least partly covering it. It can thus
negatively impact the quality of the discs' surface and prevent an even
bonding of the substrates, in particular when bonding is performed with
ultraviolet radiations.

In the description above, the disc 9 is made of the assembly of
two substrates. The tilt management device and method of the invention
can however also be used for discs made of three or more assembled
substrates. The tilt management device and method of the invention can
also be used for optical discs comprising only one substrate, whereas force
is for example applied on the substrate while it is soft and the force is
maintained during the entire hardening process, such as for example a
drying process.

According to a preferred embodiment, the tilt management
device of the invention is integrated in a curing station comprising a
rotating plate having five determined positions and five supports for
supporting optical discs. The tilt management device of the invention can
however be integrated in various curing stations having for example
another number of supports and positions, a different type of disc conveyor
such as for example a linear conveyor, etc. In particular, the resting surface
20 can be fixed relative to the suction nozzie 4 and the discs are deposited
one by one on the same surface, shaped with a predefined force, bonded
and/or hardened and removed at the same position. A drawback of such an
embodiment, however, is that the production rate considerably depends on
the time needed for depositing and removing discs on and from the resting

surface. -~ " - ’ T T

In a variant embodiment, the resting surface on which discs are
deposited for their bonding and/or their set-up is not horizontal but has a
determined shape corresponding to the desired shape of the finished discs.
The surface is thus for example either slightly concave or slightly convex.
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The force applied on the optical disc 9 is preferably automatically
controlled and if necessary adjusted by the controller 6. In a variant
embodiment, however, the force applied to the disc is adjusted manually
for example on the basis of tilt measurement results displayed on the

5 display 61. The force is for example varied with the help of a potentiometer
which is for instance situated on the controller 6 and allows the suction
force through the suction nozzle 4 to be controlled.
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Claims

1. Tilt management device (3) for modifying and controlling the

tilt of optical discs (9), comprising:

a support (2) for supporting an optical disc (9),

force applying means for applying on said disc (9) a force for
attracting and/or pushing at least a part of said disc (9) towards said
support (2) when said disc (9) is placed on said support (2), thus modifying
the tilt of said disc (9),

a controller (6) for varying said force, thus varying the tilt of
said disc (9).

2. Tilt management device (3) according to the preceding claim,
further comprising means for setting up said disc (9) while said force is
applied on said disc (9).

3. Tilt management device (3) according to the preceding claim,
said disc (9) comprising at least two substrates with an ultraviolet curable
composition between them, said means for setting up said disc (9)
comprising an ultraviolet radiations generator for curing said ultraviolet
curable composition.

4. Tilt management device (3) according to one of the preceding
claims, said force being applied by pneumatic means.

5. Tilt management device (3) according to the preceding claim,
said pneumatic means comprising apertures (24) in said support (2), said

A a|:~)értl<,|r>es“(724)A béing connected to a pneumati(:»sys;tem for sucking air

through said apertures (24) and attracting said disc (9) towards said
apertures (24).

6. Tilt management device (3) according to the preceding claim,
said apertures being placed near the center of said disc (9).
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7. Tilt management device (3) according to one of the preceding
claims, said force applying means being designed for applying said force
near the center of said disc (9).

8. Tilt management device (3) according to the preceding claim,
said force applying means being designed for applying said force in a part
of said disc (9) free of any data.

9. Tilt management method for modifying and controlling the
tilt of optical discs (9), comprising the steps of:

- placing an optical disc (9) on a support (2),

- applying on said disc (9) a force for attracting and/or pushing
at least a part of said disc (9) towards said support (2), thus modifying the
tilt of said disc (9),

- varying said force for varying the tilt of said disc (9).

10. Tilt management method according to the preceding claim,
further comprising the step of setting up said disc (9) while said force is
applied on said disc (9).

11. Tilt management method according to the preceding claim,
said disc (9) comprising at least two substrates with an ultraviolet curable
composition between them, said step of setting up said disc (9) comprising
radiating said disc (9) with ultraviolet radiations for curing said ultraviolet
curable composition.

12. Tilt management method according to one of the claims 9 to

- 11, further comprising the stepsof:

- measuring the tilt of said disc (9),
- adjusting said force in order to obtain the desired tilt value.
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