
CASTING CUP ASSEMBLY FOR FORMING AN OPHTHALMIC DEVICE FIELD OF THE
INVENTION 100011This invention relates, in one embodiment, to a
casting cup assembly for forming ophthalmic devices such as contact
lenses. BACKGROUND [00021Many ophthalmic devices, including contact
lenses, surgical lenses,  intraocular lenses, and the like, are often
made by performing a polymerization reaction within a casting cup
assembly. The casting cup assembly includes a basecurve mold, which
forms the portion of the device that rests against the eye, and a
frontcurve mold, which forms the portion of the device facing away
from the eye. A reaction mixture, which includes one or more
polymerizable monomers and other components, is disposed in the
frontcurve mold. Thereafter, the basecurve mold is pressed against
the frontcurve mold and the reaction mixture is forced to adopt the
shape of the volume defined between the two molds. After properly
being positioned, the reaction mixture is subjected to polymerization
conditions (e.g. photopolymerization or other suitable technique).
The resulting polymer is removed from the casting cup assembly and
subjected to post-polymerization processing (e.g. rinsing, hydration,
etc) to provide a finished ophthalmic device. During this
post-polymerization processing, careful inspection of the lenses
often  



reveals a substantial number of the lenses contain defects.
[0003]Defects include a variety of fabrication errors such as holes
in the lenses, tears in the edges, the presence rings of excess
polymer around the ophthalmic device, and other similar defects.
Therefore, an improved method for providing ophthalmic devices is
desired that reduces the occurrence of these defects. SUMMARY OF THE
INVENTION [0004]Disclosed in this specification is a casting cup
assembly comprising precision manufactured frontcurve and basecurve
molds which include a ring that circumscribes the respective concave
and convex mold surface. When the casting cup is assembled, the rings
align with high precision and prevent de-centering and tilting of the
concave and convex mold surfaces which, in turn, reduces edge
defects. [0005]An advantage that may be realized in the practice of
some disclosed embodiments of the casting cup assembly is the
reduction of edge defects by minimizing the de-centering and tilting
of the concave and convex mold surface surfaces of a casting cup
assembly. [0006]In one exemplary embodiment, a casting cup assembly
is disclosed. The 



casting cup assembly comprises a frontcurve mold with a concave mold
surface circumscribed by a ring. The assembly further comprises a
basecurve mold with a convex mold surface and a second ring. When the
frontcuve mold is mated with the basecurve mold, edges of the
respective rings mate and minimize the de-centering and  tiling of
the mold surfaces. [0007]In another exemplary embodiment, a casting
cup assembly is disclosed. The casting cup assembly comprises
frontcurve mold with a concave mold surface circumscribed by a ring.
The assembly further comprises a basecurve mold with a convex mold
surface and a second ring. The basecurve has a textured surface that
is continuous with the convex mold surface. The textured surface is
between the base of the convex mold surface and the second ring. When
the frontcurve mold is mated with the basecurve mold, edges of the
respective rings mate. [0008]In another exemplary embodiment, a
method of forming a casting cup assembly is disclosed. The method
includes the step of precision lathing a casting cup assembly. BRIEF
DESCRIPTION OF THE DRAWINGS 



[0009]The present invention is disclosed with reference to the
accompanying drawings, wherein: [00010]FIGS. lA and IB are profile
views of select portions of a prior art casting cup assembly shown in
an unassembled and assembled state, respectively; [00011]FIG. 2A is a
top view of a casting cup assembly showing the eccentricity between
the frontcurve and basecurve molds and FIG. 2B is a cross-sectional
view of a casting cup assembly; [00012]FIG. 2C is a graph correlating
eccentricity to edge defects and FIG. 2D  is a cross-sectional view
showing tilting between frontcurve and basecurve molds; 



[00013]FIG. 3A and FIG. 3B are profile views of select portions of a
casting cup assembly shown in an unassembled and assembled state,
respectively; [00014]FIGS. 4A and 4B are top views of a frontcurve
mold and basecurve mold, respectively; [00015]FIG. 4C is a top view
of a casting cup assembly showing the alignment of a basecurve mold
and a frontcurve mold; [00016]FIGS. 5A and 5B are profile views of
two mated rings respectively located on a basecurve mold and a
frontcurve mold; and [00017]FIG. 6 is a profile view of a select
portion of a frontcurve mold showing 



first and second continuous rings while FIG. 7 is a profile view of a
selection portion of a frontcurve and basecurve mold wherein the
basecurve mold includes a textured surface. [00018]Corresponding
reference characters indicate corresponding parts throughout the
several views. The examples set out herein illustrate several
embodiments of the invention but should not be construed as limiting
the scope of the invention in any manner. DETAILED DESCRIPTION
[00019]Some of the factors that impact the occurrence of edge defects
in ophthalmic devices include the relative de-centering and/or
tilting of the basecurve mold and the frontcurve mold in which the
devices are cured. Referring to FIGS. lA and 1B, a  prior art casting
cup assembly 100 is shown. Casting cup assembly 100 includes
frontcurve mold 102 and basecurve mold 104 that mate to define a
volume 106. An ophthalmic device is cured within this volume 106. In
practice, these mold pieces are often not properly centered and/or
become tilted. 1000201FIG. 2A provides a schematic top-view that
depicts de-centering of a 



convex mold 204 (centered about point 202) disposed within a concave
mold 200 (centered about point 206). In FIG. 2A, the center points
are offset by eccentricity 208, resulting the distance 210 on one
side of the mold being less than the distance 212 on the other side
of the mold. After the reaction mixture is cured, the non-hydrated,
but fully cured lenses, are immersed in an epoxy mixture and the
epoxy cured to lock the lenses in a fixed position. The epoxy and
locked lenses are subsequently sliced in half, polished, and analyzed
under a microscope for defects. In those situations where the two
molds were not centered, edge defects (chips, tears, rings, etc) were
more common. FIG. 2B provides a cross-sectional view showing mold
pieces are not properly centered. Due to the de-centering in FIG. 2B,
the volume 106 is not properly sealed. See distance 212. This
improper seal translates into edge defects when the resulting lens is
de-molded. 1000211FIG. 2C graphically depicts the results of certain
de-centering experiments. The graph in FIG. 2C correlates
eccentricity (in microns) to edge defects. In the first example,
lenses with high edge defects were measured with respect to the
distance between a first side (214) and a second side (216). In the
embodiment of FIG. 2C, approximately a ten micron gap is present
showing the eccentricity. In the second  example, lenses with low
edge defects were measured in a similar fashion (first side 218,
second side 220) and approximately a five micron eccentricity is
shown. Without wishing to be bound to any particular theory,
applicants believe the low eccentricity between the convex and
concave mold surfaces results in reduced edge defects corresponds to
those lenses where the volume between the mold surfaces is properly
sealed. Applicants suggest sealing defects are caused by de-centering
and/or tilting of the mold pieces. [00022]FIG. 2D provides a
schematic top-view that depicts tilting of a convex mold 200 disposed
within a concave mold 204. Volume 106 is not properly sealed as show
by the formation of distance 212. The edge defects associated with
such an improper seal are still problematic. [00023]FIGS. 3A and 3B
are profile views of a portion of casting cup assembly 300 shown
before (FIG. 3A) and after (FIG. 3B) basecurve mold 304 is disposed
on frontcurve mold 302. [00024]Frontcurve mold 302 includes a concave
mold surface 306 which forms 



the forward-facing portion of the ophthalmic lens. The perimeter 310
of concave mold surface 306 is sized to receive convex mold surface
316 of basecurve mold 304. Frontcurve mold 302 further includes a
planar top surface 312 that is contiguous with perimeter 310. A first
ring 314 circumscribes concave mold surface 306 and extends from the
top-side of planar top surface 312 and above perimeter 310. In one
embodiment, the ring is a continuous ring. The ring is precision
manufactured with  respect to the knife edge of the frontcurve mold
302. First ring 314 provides the first half of an interlocking
feature described in further detail below. This interlocking feature
helps minimize de-centering and tilting of concave mold surface 306
and convex mold surface 316. [00025]Basecurve mold 304 includes
convex mold surface 316 which forms the portion of the ophthalmic
lens that contacts an eye. The perimeter 320 of convex mold surface
316 is sized to be disposed just outside perimeter 310 when assembly
300 is formed with the adjacent planar region 330 contiguous with
perimeter 320. The curvature of concave mold surface 306 and convex
mold surface 316 are different such that, when basecurve mold 304 is
disposed on frontcurve mold 302, a stop 326 is created which defines
volume 328. The shape of volume 328 determines certain physical
parameters of the resulting ophthalmic lens. Basecurve mold 304
includes a second ring 324 which, in one embodiment, is a continuous
ring. The second ring is precision manufactured with respect to the
axis of the basecurve mold optical surface. The second ring 324
circumscribes the convex mold surface 316 and extends from the bottom
surface 322 past the perimeter 320. Second ring 324 provides the
second half of the interlocking feature. 1000261Some machinery used
in the manufacturing of ophthalmic devices attempts to position the
mold pieces automatically. These machines are rather complex. The
interlocking feature moves this complexity away from the machinery
and into the mold pieces. The resulting mold pieces are then used to
fabricate ophthalmic devices  



with a lower frequency of defects and in a more cost effective
manner. Due to the self-aligning and self-locking features provided
by the interlocking feature, stop 326 is established in a reliable
and homogeneous fashion such that there is little variation from one
ophthalmic device to the next. [00027]Referring to FIGS. 4A and 4B,
the radius of the two rings is shown. FIG. 4A depicts the top of
frontcurve mold 302 showing a first radius 400 of the first ring 314.
FIG. 4B depicts basecurve mold 304 showing a second radius 402 of the
second ring 324 which, in FIG. 4B, is continuous. In another
embodiment, not shown, one or both of the rings is divided into a
plurality of segments separated by spaces. In the embodiment depicted
in FIG. IA and FIG. 4B, the first radius 400 of the first ring 314 is
smaller than the second radius 402 of the second ring 324 which
causes the first ring 314 to be inside the second ring 324 when the
casting cup assembly 300 is assembled. See FIG. 4C. As shown in FIG.
4C, planar region 330 and planar top surface 312 are vertically
stacked when casting cup assembly 300 is assembled. In another
embodiment, not shown, the first radius 400 is larger than the second
radius 402 and the second ring 324 is inside of the first ring 314
when the casting cup assembly 300 is assembled. In either embodiment,
this difference in radii permits the two rings to contact each other
along their edges to establish the interlocking feature. See FIG. 5A
and 5B. This interlocking feature minimizes the eccentricity between
concave mold surface 306 and convex mold surface 316 thereby reducing
edge defects in the resulting ophthalmic device.  100028]FIG. 5A
depicts an exemplary embodiment where first ring 314 is within second
ring 324. First ring 314 has a first edge 504 that is configured to
mate with a second edge 502 of the second ring 324. In the exemplary
embodiment of FIG. 5A, the terminus of each ring (e.g. terminus 512
of second ring 324) does not contact the other ring's supporting
structure (e.g. planar top surface 312) and does not function as a
stop. In FIG. 5A, the terminus 512 of second ring 324 is spaced from
the planar top surface 312 of the frontcurve mold 302 by a gap 506.
Likewise, the terminus 514 of first ring 314 is spaced from the
planar region 330 of the basecurve mold 304 by a gap 516. The mating
of first edge 504 and second edge 502 forms an interference fit 518
between these two edges which prevents de-centering of concave mold
surface 306 and convex mold surface 316. In one embodiment, the first
ring 314 and the second ring 324 have a cylindrical shape such that
first edge 504 and second edge 502 are parallel. This prevents either
ring from functioning as a stop and ensuring the stop 326 is properly
established at the knife edge. [00029]When stop 326 is properly
established and volume 328 is defined, the 



interlocking feature minimizes both de-centering and tilting. The
parallel first edge 504 and second edge 502 minimize de-centering by
forming the interference fit 518. Gap 506 minimizes tilting. Should
one of the mold pieces begin to tilt, the gap 506 (on one side of the
mold piece or the other) will contact planar top surface 312 and
bottom out. The tilt, therefore, cannot exceed the gap 506. By
precision manufacturing the mold pieces, the magnitude of the gap 506
can be controlled which, in turn, controls the amount of tilt that
is permitted. In one embodiment, gap 506 is less than 6.5 microns.
[00030]Likewise, when stop 326 is properly established and volume 328
is defined, the interlocking feature also permits one to minimize the
use of excess reaction mixture that is squeezed out of volume 328.
Since the volume 328 is well defmed, a more controlled volume of
reaction mixture may be used. Any excess reaction mixture forms a
thin film of excess monomer which is subsequently removed during
post-polymerization processing. hi contrast, many prior art
techniques have significantly more excess monomer which requires
extensive post-polymerization processing to remove. [00031]FIG. 5B
depicts a second exemplary embodiment, where first edge 504 and
second edge 502 have been modified to provide matching first and
second grooves. In the embodiment of FIG. 5B, first ring 314 has
first grooves 508 and second ring 324 has second grooves 520. The
protrusions on the first grooves 508 moves against the protrusions on
the second grooves 520 and provides a locking mechanism similar to a
ratchet. Such an interlocking feature provides a finite number of
locking positions. In FIG. 5B, first grooves 508 and second groves
520 both include a plurality of tracks In other embodiments, first
grooves 508 or second grooves 520 have a single protrusion that mate
with the corresponding grooves on the opposing ring. The grooves may
be formed by, for example, increasing the feed-rate on the lathe that
forms the respective mold. 



This permits a small pitch to be formed. [00032]By providing an
interlocking feature that circumscribes the concave  mold surface 306
and the convex mold surface 316 the eccentricity between these
surfaces can be minimized. The edge defects that are associated with
such eccentricity is therefore reduced. In one embodiment, the
eccentricity is less than about thirty microns. In another
embodiment, the eccentricity is less than about fifteen microns. In
yet another embodiment, the eccentricity is less than about five
microns. Additionally, the interlocking feature also prevents tilting
by maintaining the frontcurve mold 302 and the basecurve mold 304 in
a parallel orientation which further reduces defects. In one
embodiment, the two molds are parallel within about ten degrees. hi
another embodiment, the two molds are parallel within about five
degrees. In another embodiment, the two molds are parallel within
about three degrees. In yet another embodiment, the two molds are
parallel within about one degree. [00033]FIG. 6 is a profile view of
a section of frontcurve mold 602 that includes concave mold surface
606 with perimeter 610. A top planar surface 612 is also shown that
has a first ring 614 circumscribing concave mold surface 606 that
extends from planar top surface 612 and above perimeter 610.
Frontcurve mold 602 further comprises a second continuous ring 600
that functions as a barrier to contain the reaction mixture disposed
within concave mold surface 606. When the basecurve mold is mated to
frontcurve mold 302, the volume of the reaction mixture is restricted
and excess fluid is pressed against second continuous ring 600. The
presence of second continuous ring 600 helps control the formation of
ring defects in the resulting ophthalmic lens by restriction the flow
of the reaction mixture. In one embodiment, second continuous ring
600 abuts a 



surface of the corresponding basecurve mold that has been modified to
permit second continuous ring 600 to adhere to the basecurve mold.
This surface may be modified (e.g. rings, surface roughening, surface
energy modification, etc) to cause the second continuous ring 600 to
stick to the bsaecurve mold at demold. [00034]FIG. 7 is a profile
view of another exemplary assembly. Basecurve mold 704 of FIG. 7
includes a textured surface 700 disposed between the perimeter 720 of
convex mold surface 716 and the bottom surface 722, from which second
ring 724 extends. Textured surface 700 is joined to bottom surface
722 by vertical spacer 703 which provides a space 705 for first ring
714 to reside. Textured surface 700 provides a large surface area
which promotes the adhesion of polymerized material. Textured surface
700 is vertically stacked above top planar surface 712, which
provides a smooth surface that promotes the release of polymerized
material When the reaction mixture is cured and the frontcurve and
basecurve molds are separated, the excess polymeric ring tends to
adhere to the textured surface 700 and be separated from the cured
ophthalmic lens. The removal of the ring of excess polymer by its
adhesion to textured surface 700 helps further minimize the
occurrence of edge defects. [00035]The molds may be formed by, for
example, precision lathing techniques such as diamond-point turning.
In one embodiment, the rings of the interlocking feature are formed
by diamond-point-turning in the same tooling step (i.e. the molds are
not removed from the lathe during the process) as the formation of
the optical surface of the convex and concave mold surfaces. This
ensures accurate concentricity of the locking  feature with respect
to the axis and orthogonal plane of the respective mold surface. In
one embodiment, the optical surface of the mold piece, as well as the
associate ring that forms the interlocking feature, are both
precision manufactured in a single pass. For example, a single pass
with a lath may form both the optical surface and the interlocking
feature. [00036]While the invention has been described with reference
to certain 



embodiments, it will be understood by those skilled in the art that
various changes may be made and equivalents may be substituted for
elements thereof to adapt to particular situations without departing
from the scope of the disclosure. Therefore, it is intended that the
claims not be limited to the particular embodiments disclosed, but
that the claims will include all embodiments falling within the scope
and spirit of the appended claims.  What is claimed is: 1. A casting
cup assembly for forming an ophthalmic device, the assembly
comprising: a frontcurve mold comprising: a concave mold surface on a
top-side of the frontcurve mold, the concave mold surface having a
perimeter that is surrounded by, and contiguous with, a planar top
surface; a first ring circumscribing the concave mold surface and
extending from the planar top surface and above the perimeter, the
planar top surface being within the first ring; a basecurve mold
comprising: a convex mold surface on a bottom-side of the basecurve
mold, the convex 



mold surface having a perimeter that is surrounded by a bottom
surface; a second ring circumscribing the convex mold surface and
extending from the bottom surface and past the perimeter; wherein the
first ring has a first radius and the second ring has a second
radius, the first and second radii being different and configured to
mate such that a first edge of the first ring contacts a second edge
of the second ring when the basecurve mold is disposed on the
frontcurve mold. 2. The assembly as recited in claim I, wherein the
concave mold surface and convex mold surface have different
curvatures such that, when the basecurve mold is disposed on the
frontcurve mold, a stop is defined by a point-of-contact between the
concave mold surface and convex mold surface thereby establishing a
volume between the concave mold surface and convex mold surface. 3.
The assembly as recited in claim 2, wherein the second ring has a
terminus that is spaced from the top planar surface by a first gap
when the basecurve mold is  disposed on the frontcurve mold and the
stop have established the volume between the concave mold surface and
convex mold surface. 4. The assembly as recited in claim 2, wherein
the bottom surface that surrounds the perimeter of the convex mold
surface includes a planar region, the planar region being between the
perimeter and the second ring. 



5. The assembly as recited in claim 4, wherein the first ring has a
terminus that is spaced from the planar region by a second gap when
the basecurve mold is disposed on the frontcurve mold and the stop
have established the volume between the concave mold surface and
convex mold surface. 6. The assembly as recited in claim 3, wherein
the first gap is less than 6.5 microns. 7. The assembly as recited in
claim 5, wherein the second gap is less than 6.5 microns. 8. The
assembly as recited in claim 1, wherein the first edge of the first
ring includes a plurality of ridges and the second edge of the second
ring includes at least one protrusion that mates with at least one of
the ridges when the basecurve mold is disposed on the frontcurve
mold. 9The assembly as recited in claim 1, wherein the second edge of
the second ring includes a plurality of ridges and the first edge of
the first ring includes at least one protrusion that mates with at
least one of the ridges when the basecurve mold is disposed on the
frontcurve mold. 10.The assembly as recited in claim 1, wherein the
first edge and second edge are parallel.  



11. The assembly as recited in claim 1, wherein the first edge of the
first ring and the second edge of the second ring form an
interference fit when the basecurve mold is disposed on the
frontcurve mold. 12. The assembly as recited in claim 1, wherein the
frontcurve mold further comprises a second continuous ring
circumscribing the concave mold surface and extending from the planar
top surface and above the perimeter, the second continuous ring being
within the first ring. 13. The assembly as recited in claim 2,
wherein the first radius of the first ring and the second radius of
the second ring have an eccentricity of thirty microns or less when
the basecurve mold is disposed on the frontcurve mold and the stop
has established the volume between the concave mold surface and
convex mold surface. 14. The assembly as recited in claim 2, wherein
the first radius of the first ring and the second radius of the
second ring have a eccentricity of fifteen microns or less when the
basecurve mold is disposed on the frontcurve mold and the stop has
established the volume between the concave mold surface and convex
mold surface. 15. The assembly as recited in claim 2, wherein the
first radius of the first ring and the second radius of the second
ring have a eccentricity of five microns or less when the basecurve
mold is disposed on the frontcurve mold and the stop has established
the volume between the concave mold surface and convex mold surface.
16. The assembly as recited in claim 2, wherein the frontcurve mold
and basecurve mold are parallel within five degrees or less when the
basecurve mold is disposed  on the frontcurve mold and the stop has
established the volume between the concave mold surface and convex
mold surface. 17. The assembly as recited in claim 2, wherein the
frontcurve mold and basecurve mold are parallel within one degree or
less when the basecurve mold is disposed on the frontcurve mold and
the stop has established the volume between the concave mold surface
and convex mold surface. 



18. A casting cup assembly for forming an ophthalmic device, the
assembly comprising: a frontcurve mold comprising: a concave mold
surface on a top-side of the frontcurve mold, the concave mold
surface having a perimeter that is surrounded by, and contiguous
with, a planar top surface; a first ring circumscribing the concave
mold surface and extending from the planar top surface and above the
perimeter, the planar top surface being within the first ring; a
basecurve mold comprising: a convex mold surface on a bottom-side of
the basecurve mold, the convex mold surface having a perimeter that
is surrounded by a bottom surface, the bottom surface including a
textured surface contiguous with convex mold surface and between the
base and the second ring; a second ring circumscribing the convex
mold surface and extending from the bottom surface and past the
perimeter; wherein the first ring has a first radius and the second
ring has a second radius, the first and second radii being different
and configured to mate such that a first edge of the first ring
contacts a second edge of the second ring when the basecurve mold is
disposed on the frontcurve mold.  



19. A method for forming a casting cup assembly comprising the steps
of: precision lathing a frontcurve mold with a lathe, the frontcurve
mold comprising a concave mold surface on a top-side of the
frontcurve mold, the concave mold surface having a curved surface
that is surrounded by, and contiguous with, a planar top surface;
precision lathing a first ring in the frontcurve mold during the step
of precision lathing the frontcurve mold such that the first ring
circumscribes the concave mold surface and extends from the planar
top surface and above the curved surface, the planar top surface
being within the first ring, wherein the step of lathing the
frontcurve mold and the step of lathing the first ring are performed
without removing the frontcurve from the lathe; precision lathing a
basecurve mold comprising a convex mold surface on a bottom-side of
the basecurve mold, the convex mold surface having a base that is
surrounded by a bottom surface; and precision lathing a second ring
in the basecurve mold during the step of precision lathing the
basecurve mold such that the second ring circumscribes the convex
mold surface and extends from the bottom surface and past the base,
the textured surface being within the second ring, wherein the step
of lathing the basecurve mold and the step of lathing the second ring
are performed without removing the basecurve from the lathe. 20. The
method as recited in claim 19, wherein the steps of precision lathing
the frontcurve mold and precision lathing the first ring are
performed by diamond-point tuning. 


