
13 JUL 2004 Apparatus for Joining Substrates Together 5 10 15 20 The
present invention relates to an apparatus for joining together  substrates,
which have an inner hole, to form a substrate disk, and includes an
expandable element that can be introduced into the  inner hole of at least
two superimposed substrates. Such an apparatus for the joining together of
disks to form a CD or  DVD is known, for example, from US-A-4,877,875. With
this known  apparatus, a centering pin is provided that prior to the
joining together  of the substrates is introduced into the respective inner
hole of the  substrates in order to center them relative to one another.
During the joining together, the substrates are rotated in order to
uniformly distribute an adhesive material that is disposed between  them.
To prevent a slippage between the substrates, which would  adversely affect
the joining-together process, the substrates must be  rotated
synchronously. With the known apparatus this is achieved via  a frictional
connection between the substrates, in that the substrates  are pressed so
strongly against one another that they rotate in  common. 1 



*G00001*  1 3 JUL 2004 5 10 15 ?0 As a result of this pressing together of
the substrates, however, there  results the problem that the substrates
must already;~ be brought into  contact prior to a uniform distribution of
the adhesive between them,  which adversely affects the distribution of the
adhesive. Furthermore,  all mechanical components of the apparatus must
have such a strong  design that they can resist the mechanical loading
during the pressing  together, which leads to high costs for the apparatus.
Furthermore,  there is the danger that air penetrates via the respective
inner holes  into the gap formed between the substrates, as a result of
which  bubbles can result on the inner edge of the adhesive. From EP 0 833
315 A an apparatus pursuant to the introductory portion of claim 1 is
furthermore known. Proceeding from the known apparatus, it is an object of
the present  invention to provide an apparatus for the joining together of
substrates,  which have an inner hole, to form a substrate disk , with such
apparatus ensuring in a straightforward and economical manner a
simultaneous rotation of both substrates during the adhesion process. 



Pursuant to the invention, this object is realized for an apparatus of the
aforementioned type in that the element that is introducible into the 2  13
JUL 2004 5 10 15 inner hole of the substrate is expandable to such an
extent that it  comes into contact with the inner holes of both substrates
and seals or  closes off an intermediate space formed between the
substrates  relative to the environment. By expanding the element, it comes
into  contact with the inner holes of the substrates and enables a
simultaneous transmission of a rotational movement of the element to  both
substrates, so that they are rotated synchronously relative to one
another. The substrates are secured against slippage, so that a proper
joining together of the substrates is ensured. At the same time, the
intermediate space that is formed between the substrates is closed off
relative to the inner hole, thereby preventing air from entering into this
region. This prevents centrifuging effects of the adhesive that is
disposed between the substrates, and also prevents bubbles on the  inner
edge of the adhesive. Pursuant to a particularly preferred embodiment of
the invention, the  element is made of an elastic material so that it can
be repeatedly  used, and to be able to adapt to the inner periphery of the
inner holes  of the substrates. The element is preferably expandable by the
application of pressure. 3 



13 JUL 2004 5 10 15 20 Pursuant to a preferred embodiment of the invention,
the element is   compressible between two parts that are movable relative
to one  another in order to achieve a radial expansion of the element in
contact  with the inner periphery of the inner holes of the substrates. In
this  connection, one part is preferably a substrate support that is
rotatable  about an axis perpendicular to the support surface. The
rotatable  substrate support, upon which one of the two substrates rests,
reduces  the forces that are transmitted by the element for rotation of the
substrates, since a transmission of force to the rotational movement is
also effected via the support surface. The other part is preferably a
centering pin that is rotatably coupled with the support and is movable
relative to the support in the direction of the axis of rotation in order
to  be able to compress the expandable element. Pursuant to a preferred
embodiment of the invention, the element is an  elastic ring that is
radially expandable for closing off an intermediate  space between the
substrates. To ensure a good radial expansion of  the element, at least one
of the parts preferably has a conically  widening portion that for
expansion of the ring is introducible into a  central hole thereof. The
centering pin preferably extends through a  central hole of the ring in
order to fix the ring and enable a coupling of  the centering pin with the
support. 4  



1 3 JUL 2004 5 10 15 Pursuant to an alternative embodiment of the
invention, the element is an elastic chamber that can be supplied with
pressure in order to enable a pneumatic or hydraulic expansion of the
element. Pursuant to one embodiment of the invention, the chamber wall has
a smaller outer periphery than the inner periphery of the inner hole of the
substrate when the chamber pressure is at ambient pressure. By applying a
pressure medium, the chamber can be expanded when the element is disposed
in the inner holes of the substrates. Pursuant to an alternative
embodiment, the chamber wall has a larger outer periphery than the inner
periphery of the inner hole of the substrates when the chamber pressure is
at ambient pressure. To introduce the element into the inner hole of the
substrates, the chamber is first supplied with an underpressure in order to
contract it. The advantage of this embodiment is that a vacuum source is
used that, for example, can also be used for holding the substrate upon the
rotatable support. An additional element for applying a positive pressure
can be eliminated. Pursuant to one particularly preferred embodiment of the
invention, the 20 element is fixedly connected with a rotatable substrate
support in order to achieve a synchronous rotation of the element and the
substrate support, as well as of the substrates. 5  1 3 JUL 200 Tl~e
invention Is particularly suitable for the manufacture of optical data
carriers such as, 'for example, CDs, DVDs, DVRs, etc. 



5 The invention will be explained subsequently with 'the aid of preferred
embodiments with reference to the drawings; the drawings show: Fig.1 a
schematic cross-sectional view of an inventive  apparatus in a receiving
position; Fig. 2 a schematic cross-sectional view of the apparatus of  i p
Fig. 1 in a holding position; Fig. 3 a schematic cross-sectional view of an
apparatus of the  present lnvention pursuant to a second embodiment;  Flg.
4 a schematic cross-sectional view of an apparatus of the present invention
pursuant to a third embodiment; 1$ Fig. 5 a schematic cross-sectional view
of an apparatus of the  present invention pursuant to a fourth embodiment.
Fig. t shows a schematic cross-sectional view of an apparatus 7 for
joining together substrates 3,~4, which Each have art inner hole. In the ^p
fig., illustrated between the substrates 3,4 is an adhesive layer 5,
which, as will be described in greater derail subsequently, is uniformly
distributed between the substrates ~,4 by rotating them. s  1 3 JUL 2004 



5 10 15 20 The apparatus 1 has a support ?that is rotatable about the Gxos
A via a  non-illustrated drive mechanism. The support 7 has a support
surface  9 upon which the substrate 4 rests. Although the support 7 in Fig.
1 is  illustrated such that it has smaller peripheral dimensions than does
the  substrate 4, the support 7 can also have the same or larger peripheral
dimensions than does the substrate 4, so that the substrate 4 rests
completely upon the support surface 9. The support surface 9 can be
provided with vacuum openings for drawing the substrate 4 against the
substrate surface in order to hold the substrate securely on the support
7. Alternatively, the support 7 could also be embodied as a ring  element
having a vacuum ring upon which the substrate 4 rests and is  securely
held. Formed in the support surface 9 is a recess 10 that has a peripheral
shape that corresponds to the inner hole of the substrates 3, 4.  Received
in the recess 10 is an elastic element 13 that is radially  guided by a
shoulder 14 of the recess 10. The elastic element 13 has a peripheral
surface 16, the peripheral  shape of which corresponds to the shape of the
inner hole of the 7  1 3 JAN 2004 5 



10 15 20 substrates 3,4. The elastic element 13 has a central opening 18
that is centered relative to the axis of rotation A of the support ~. The
apparatus 1 is furthermore provided with a centering pin 20 having  a head
portion 22 and a shaft portion 24. The shaft portion 24 extends.  through
the central opening 18 of the elastic element 13, and is  rotatably coupled
with the support 7, for example via a splined  connection, in order to be
rotated about the axis A in common with the  support 7. The centering pin
20 is displaceably held relative to the  support 7 in the direction of the
axis of rotation A. The head 22 of the centering pin 20 is disposed on that
side of the  elastic element 13 that is opposite the support 7, so that the
elastic  element 13 is received between the support 7 and the head 22. The
head 22 of the centering pin 20 has a centering inclination or bevel 26,
which faces away from the support 7, as well as a pressure surface 28,
which faces the support 7 and extends essentially parallel to the  support
surface 9, and which, as will be described subsequently, is  used for
compressing the elastic element 13. The function of the apparatus 1 will
now be explained in greater detail with reference to Figs. 1 and 2. a  



1 3 JUG 2004~ For leading and unloading the apparatus 1, the support 7 and
the  centering pin 20 are positioned relative to one another in the
direction of  the axis of retation A in such a way that the elastic element
~3 is not 5 compressed between the head 22 or the centering pin 20 and the
support 7, as illustrated in Fig. 1. As can be recognized in Fig. 1, the
pressure surface 28 of the head 22 of the centering pin 20 is slightly
spaced from the elastic element 13. In this position, the substrate 14 is
first placed upon the support 7, whereby the substrate 4 is centered 10
relative to the centering pin 2D and the axis of rotation A by the
centering inclination or bevel 26 of the centering pin 20. An adhesive 5
is now applied to the substrate 4. Subsequently, the substrate 3 is  placed
upon the substrate 4, so that essentially the condition shown in  Fig. ~ is
achieved. 15 Instead of applying the adhesive 5 to the substrate 4 after
its  placement upon the support 7, the adhesive could, of course, also be
previously applied to the substrate 4 or could be applied to the substrate
3. i he adhesive 5 is applied in such a v~~ay that it is spaced  ?U from
the inner holes of the substrates 3, In this way, there is formed  a free
space 30 in the region of the inner holes of the substrates 3,~ 9  13 JUL
2004 



5 10 15 20 when the substrates 3,4 are disposed on one another, as shown in
Fig. The centering pin 20 is now moved toward the support 7 in the
direction of the axis of rotation A. The pressure surface 28 of the head
22 of the centering pin 20 comes into contact with the elastic element  13
and presses it firmly against the support 7. Upon a further  movement of
the centering pin 20, the elastic element 13 is  compressed between the
head 22 of the centering pin 20 and the  support 7, and as a result expands
or bulges radially. The peripheral  surface 16 of the elastic element 13
conforms firmly to the inner holes  of the substrates 3,4 and thereby seals
the space 30 between the  substrates 3,4 relative to the environment. The
support 7 is now  rotated about the axis, of rotation A via the
non-illustrated drive means.  Since the centering pin 20 is rotatably
coupled with the support 7, the  centering pin 20 is also rotated about the
axis A. Since the elastic  element 13 is fixedly clamped between the
centering pin 20 and the  support 7, the elastic element 13 is also rotated
about the axis of  rotation A. Since the peripheral surface 16 of the
elastic element 13 is  conformed to the inner hoes of tl-~e substrates 3,4,
the rotational  movement is also transmitted to the substrate 3,4. The
rotational ~o  1 3 JUL 2004 5 '10 



1.5 20 movement of tine support t is, of course, also transmitted directly
to the substrate Q vin the support surface 9. Due to the rotation, the
adhesive 5 is uniformly distributed between the  substrates 3,4. Since the
space 30 is sealed relative for the  environment by the elastic element 13,
air is prevented from entering  between the substrates 3,4 via the inner
holes of the substrates. This  prevents centrifuging effects o'f the
adhesive 5, and furthermore a  formation of bubbles due to entry of air
into the space 30 is prevented. To remove the substrates 3,4, which are
glued together to form a substrate disk,  the centering pin is again moved
into the position shown in Fig. 1. Due to the elasticity of the element 13,
it also moves into the  position shown in Fig. 1, so that the substrate
disk now rests freely upon the  support surface 9 and can be removed. Fig.
3 shows an alternative embodiment of an apparatus 1 for joining  substrates
3,4 together. With the embodiment illustrated in Fig, 3, the  same
reference numerals are used to the extent that they designate  the same or
similar elements. 1i  1 3 JUL 2004 



5 10 15 20 The apparatus 1 of Fig. 3 is essentially the same as the
apparatus 1 of  F ~ n ~ -I- r~ + " 1 h a support 7 with a support surface
9 and a recess 10. Received in the recess 10 is an elastic element 13.  The
elastic element 13 has a central opening 18 through which extends  a shaft
portion 24 of a centering pin 20. The centering pin 20 is  rotatably
coupled with the support 7. The centering pin 20 has a  centering
inclination or bevel 26 that faces away from the support  surface 9, and
also has a pressure surface 28 that faces the support  surface 9 and
extends essentially parallel thereto. The shaft portion 24  has, adjacent
to the head 22 of the centering pin 20, a conically  widening portion 32
that is received in the inner hole 18 of the elastic  element 13. With a
movement of the centering pin 20 directed in the direction of the  support
7, the conically widening portion 32 effects a particularly good  expansion
of the elastic element 13. The function of the apparatus 1 of Fig. 3
essentially corresponds to the  function of the apparatus of Figs. 1 and 2
and will therefore not be  explained again. 12  1 3 JUL 2004 



5 70 ~ ]5 20 Fig, 4 shows a further embodiment of the present invention. In
the  embodiment of Fig. 4 the same reference numerals will be used as in
Figs. 1 and 2 to the extent that similar or identical components are
Identified. Fig. 4 shows an apparatus 1 for joining together substrates 3,4
that are  glued together by an adhesive 5 disposed between 'the substrates
3,~4.  The apparatus 1 is provided with a support 7 having a support
surface  9 upon which a substrate 4 can rest. The support 7 has a recess 10
in  the support surface 9. the support 7 is coupled with anon-illustrated
drive mechanism in order to rotate the support 7 about an axis of  rotation
A. The apparatus 1 is furthermore provided with a centering  pin 120 that
has a head portion 122 and a shaft portion 124. The head  portion 122 i~as
a centering inclination or bevel 126 that faces away  from the support 7.
The shaft portion 124 of the centering pin 120 extends through 'the
support 7 Gnd is rotatably coupled therewith, so that it rotates with the
support 7 when the latter is rotated about the axis of rotation A. The
centering pin is centered relative to the axis of rotation A. ~a  1 3 JUL
2004 



5 i0 75 20 Provided on the underside of the head portion 122 of the
centering pin  120 is an elastic chamber element 140 that forms a sealed
annular  chamber 142 about a portion of tf~e shaft 124. the chamber element
140 has an elastic peripheral wall 144, the peripheral shape of which
essentially corresponds to the peripheral shape of the inner hole of the
substrates 3,4. The chamber element 140 is disposed on the centering pin
120 in any suitable manner, and is, for example, fused or welded to the
head  portion 122 as well as to the shaft portion 124 in order to form the
sealed chamber 142. !n this way, the chamber element 140 is also  fixedly
connected with the centering pin 120. The shaft portion 124 of the
centering pin 120 has a conduit 146 that  opens into the sealed chamber
'142. The .conduit 146 is in  communication with a non-illustrated pump via
which the sealed  chamber '142 can be supplied with a fluid such as, for
example, air,  which leads to an elastic expansion of the chamber element
140. The function of the apparatus of Fig. will be described in detail
subsequently. to begin with, the sealed chamber 142 is at ambient pressure,
and  pence the chamber element 140 is in the position shown in Fig. ~+. i4 



13 JUL 2004 5 10 15 20 The substrates 3,4 are brought into the position
illustrated in Fig. 4 in   the manner already described above. The sealed
chamber 142 is now supplied with compressed air, so that the chamber
element 140  expands radially. The peripheral wall 144 conforms firmly to
the inner  periphery of the inner holes of the substrates 3,4 and seals a
space 30  formed between the substrates. The support 7 is now rotated about
the axis of rotation A, as a result of which also the centering. pin 20 and
the chamber element 140 are rotated about the axis of rotation A. Due  to
the tight contact between the peripheral wall 144 of the chamber  element
140, and the inner periphery of the inner holes of the  substrates 3,4, the
substrates 3,4 are also rotated about the axis of  rotation A. The
rotational movement of the support 7 is, of course, also  transmitted via
the support surface 9 to the substrate 4 and via the  adhesive 5 to the
substrate 3. The adhesive 5 is uniformly distributed  between the
substrates 3,4, which in this manner are glued together. After the gluing,
the chamber 142 is vented, so that the peripheral wall  144 is again moved
away from the inner holes of the substrates 3,4, so  that the glued
substrates are released for removal. With the embodiment described with
reference to Fig. 4 the chamber  142 was supplied with pressure fluid in
order to radially expand the 15 



13 JUL 2004 5 10 15 20 peripheral wall 144. Alternatively, however, it
would also be possible  for the chamber element 140 to have a peripheral
wall 144 that. when  the chamber 142 is at ambient pressure, presses firmly
against the  inner periphery of the inner hales of the substrates. In order
to enable  a loading and unloading of the substrates 3,4, the chamber 142
is  provided with an underpressure in order to contract the chamber. For
the application of the underpressure, it is possible, for example, to use
a vacuum pump that is also in communication with vacuum openings in  the
support surface 9. Fig. 5 shows a further alternative embodiment of the
invention. In Fig.  5, the same reference numerals are used as in Fig. 1 to
the extent that  similar or identical elements are indicated. Fig. 5 shows
an apparatus 1 for the joining together of substrates 3,4  that are glued
with an adhesive 5 that is disposed between them. The apparatus 1 is
provided with a support 7 that is connected in a  suitable manner with
anon-illustrated drive means in order to rotate the  support 7 about an
axis of rotation A. The support 7 has a support  surface 9 in which is
formed a recess i 0. .6 



1 3 JUL 2004 5 ]0 20 Disposed in the recess 10 is an elastic chamber
element 240 that is  fixedly connected with the support 7 in any suitable
manner. The  elastic chamber element 240 is provided with a rigid upper
portion 242  having a centering inclination or bevel 244. The chamber
element 240  has an elastically expandable peripheral wall 246 that has a
peripheral  surface 248. The shape of the peripheral surface 248
essentially  corresponds to the shape of the inner holes of the substrate
3,4. A  base wall 250 of the chamber element 240 has an opening 252 that
communicates with a conduit 254 in the support 7. The conduit 254 is in
communication with a pump in order to supply a pressure fluid to a  chamber
256 of the chamber element 240. The function of the apparatus 1 of Fig. 5
will now be explained in 'the  following. The chamber 256 is at ambient
pressure, so chat the  chamber element 240 is in the position shown in Fig.
5. The substrates  3,4 are loaded in the manner already described above,
whereby the  centering bevel 244 of the chamber element 2.40 serves for
centering  tl.e substrates 3,A. .As soon Gs the substrates ere loaded, the
chamber  256 is supplied with a pressure fluid such as, for example, air,
so that  the peripheral wall 246 expands radially outwardly, The peripheral
surface 248 of the wall 246 conforms tightly against the peripheral
surfaces of the inner holes of the substrates ~and seals a space :;G ~~  1
3 JUL 2004 



S ]0 20 formed between the substrates 3,4. The support 7 is Hour rotated
about the axis of rotation A, as a result of which the chamber element
240, which 1s fixedly connected with the support 7, is also rotated. the
rotational movement is also transmitted via the chamber element 240  to the
substrates 3,4, so that the adhesive 5 that is disposed between  them is
uniformly distributed and the substrates 3,4 are glued together.  After the
gluing of the substrates 3,4, the pressure fluid is withdrawn  from the
chamber 25G, so that the peripheral wall 246 is again moved  back into the
position shown in Fig. 5. The substrates 3,4 can now be  removed as a~
substrate disk. To ensure a radial expansion of a peripheral wall 246, ribs
or straps  can be provided in the interior of the chamber 256 that connect
the  rigid upper portion 242 with the support 7 and prevent a movement of
the rigid upper portion 242 relative to the support 7. The chamber  element
240 can also be brought into the position shown in Fig. 5 by  applying an
underpressure, and can be radially expanded by venting, as eras described
above with reference to the  embodiment of Fig. 4. The invention was
previously described with the aid of preferred  embodiments of the
invention without, however, being limited to the   1 3 JllL 2004 5 



10 concretely described embodiments. For example, the elastic element  of
Figs. 1 to 3 can be fixedly coupled with the support and/or the centering
pin in any suitable manner. Instead of providing a centering  pin that
extends through the elastic element, a separate element could  also be
provided that presses against a surface of the elastic element  that faces
away from the support in order to compress and radially  expand the
element. Such an element need not be rotatably coupled  with the support.
The elements described with reference to one  embodiment can also be used
in the other embodiments to the extent  that compatibility is provided. 19
1 3 JUL 2004 Patent Claims 5 'I 0 15 1. Apparatus for the joining together
of substrates, which have an inner hole, to form a substrate disk or water,
with an expandable element that can be introduced into the inner hole of at
least two superimposed substrates, whereby the element is expandable to
such an extent "that it comes into contact with the inner holes of both
substrates and closes off an intermediate space formed between the
substrates relative ~ to the environment, with a substrate support that is
rotatable about an axis of rotation perpendicular to the support surface,
and with a centering pin that is rotatably coupled with the support and is
movable relative to the support in the direction of the axis of rotation,
whereby the element is disposed between the substrate support and 'the
centering pin, and is compressible therebetween. 2. Apparatus according to
claim 1, characterized in that the 



element is made of an elastic material. 20 3. Apparatus according to claim
1 or 2, characterized in that the element is expandable by the application
of pressure. 20  13 JUL 2004 4. Apparatus according to one of the preceding
claims, characterized in that the element is an elastic ring. 5 5.
Apparatus according to claim 4, characterized in that at least  one: of the
parts has a conically widening portion that, for the  expansion of the
ring, is introducible into a central hole thereof. 6. Apparatus according
to claim 4 or 5, characterized in that the 



centering pin extends through a central hole in the ring. 10 7. Apparatus
according to one of the preceding claims,  characterized in that the
element has an elastic chamber that  can be supplied with pressure. 15 8.
Apparatus according to claim 7, characterized in that the  chamber wall has
a smaller outer periphery than the inner  periphery of the inner hole of
the substrates when the chamber  pressure is at ambient pressure. 20 9.
Apparatus according to claim 7, characterized in that the chamber wall has
a larger outer periphery than the inner 21  1 3 JUL 2003 periphery of the
inner hole of the substrates when the chamber  . pressure is at ambient
pressure. 10, Apparatus according to one of theo preceding claims,  $
characterized in that the element is fixedly connected to a  profiatable
substrate support. 
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