
WO 2011/031624PCT/US2010/047694 METHODS, DEVICES, AND SYSTEMS FOR MOVING
WET OPHTHALMIC LENSES DURING THEIR MANUFACTURE FIELD [0001]The present
invention relates to methods, devices, and systems for producing ophthalmic
lenses, such as contact lenses. More specifically, methods, devices, and
systems for moving wet ophthalmic lenses are described. BACKGROUND
[0002]During the manufacture of ophthalmic lenses, including contact
lenses, such as hydrogel contact lenses and silicone hydrogel contact
lenses, a polymerizable lens-forming composition containing reactive
ingredients is polymerized to form polymerized lenses. The polymerized
lenses can be washed to remove un-crosslinked or partially crosslinked
materials from the polymerized lenses to produce washed polymerized lenses.
Wa,;hing steps can include contacting the polymerized lenses with alcohol
or other organic solvents, contacting the polymerized lenses with aqueous
liquids that may or may not contain alcohol or solvents, solutes, or
combinations thereof. The washed polymerized lenses ultimately are provided
in packages, such as blister packages, which are subsequently sealed with
scaling elements and sterilized. In some processes, the washing is
performed in the package, and in other processes, the washing is performed
with polymerized lenses located in washing trays or carriers. Additional
steps may include inspecting the lenses for defects prior to sealing the
packa [0003]When polymerized lenses are washed in washing trays or lens
carriers, the must be separately transferred to the lens packages so that
one lens is placed in one package. Although these steps can be performed
manually, in a commercial manufacturing process, many steps are automated.
SUMMARY 



[0004]New methods, devices, and systems for producing ophthalmic lenses are
described. The present methods, devices, and systems are useful in effecl
ing the transfer of wet washed lenses from lens carriers to lens packages.
With the present methods, devices, and systems, it is possible to improve
the yield of a batch of lenses produced. For example, with the  WO
2011/031624PCT/US2010/047694 present lens carriers, a wet lens remains
centered in a well of the carrier, which is useful in ensuring that the
lens is accurately picked up by a wet lens pick up head and the number of
missed wet lenses is reduced, compared to methods, devices, and systems in
which different carriers are utilized. In addition, the yield can be
improved by reducing damage to the wet lens resulting from the wet lens
pick up head contacting and moving the wet lens. As another example, the
yield of acceptable packaged lenses can be improved by reducing the amount
of liquid transferred with the wet lens from the lens carrier well to the
lens package, which is helpful in maintaining the target osmolarity of the
packaging liquid in the lens package. Furthermore, with the present
methods, devices, and systems, it is possible, if desired, to center the
wet lens in the lens package, which can be useful during downstream
inspection processes [0005]In one aspect, methods of manufacturing
ophthalmic lenses are provided. [0006]In another aspect, a lens carrier is
provided. [0007]In another aspect, a wet lens pick up head is provided.
[0008]Additional aspects and details of the present invention are also
described by the following detailed description, drawings, and appended
claims. [0009]Various embodiments of the present invention arc described in
detail in the detailed description and claims below. Any feature or
combination of features described herein are included within the scope of
the present invention provided that the Features included in any such
combination are not mutually inconsistent as will be apparent from the
context, this specification, and the knowledge of one of ordinary skill in
the art. In addition, any feature or combination of features may be
specifically excluded from any embodiment of the present invention. BRIEF
DESCRIPTION OF THE DRAWINGS 



[0010]FIG. 1 is a schematic view of an exemplary ophthalmic lens packagin a
system provided in accordance with aspects of the present invention.
[0011]FIG. 2A is a schematic view of the transfer module of FIG 1 which
shows additional features of an exemplary pick and place system. [0012]FIG.
2 is a schematic view of a transfer module, which is a sub-component of the
system of FIG. 1.  WO 2011/031624PCT/US2010/047694 [0013]FIG. 3 is a
schematic partial front view of an end effector located at an end of the
pick and place robot of FIG. 2. [0014]FIG. 4 is a perspective view of a
pickup head mountable on the end effector of FIG. 3. [0015]FIG. 5 is a
cross-sectional side view of the pickup head of FIG, 4. 



[0016]FIG. 6 is a perspective view of a transfer tray usable to transfer
ophthalmic lenses in accordance with aspects of the present invention.
[0017]FIG. 7 is a perspective view of the transfer tray of FIG. 6 from a
different viewing angle. [0018]FIG. 8 is a cross-sectional side view of the
transfer tray of FIG. 6 taken along line 8-8. [0019]FIG. 9 is a partial
blown up plan view of the tray of FIG. 6 showing details of the interior of
a cavity. [0020]FIG. 10 is a perspective view of an infeed tray moving on a
conveyor module and carrying a plurality of blister packs. [0021]FIG. 11 is
an array of blister packs usable with the infeed trays of the present
invention. [0022]FIG. 12 is a perspective view of another blister pack
usable with the infeed trays 



described herein. DETAILED DESCRIPTION [0023]FIG. 1 is a schematic view of
an exemplary ophthalmic lens packaging system provided in accordance with
aspects of the present invention, which is generally designated 10. Broadly
speaking, the system 10 comprises a number of modules having a number of
devices and tools for performing, among other things, the function for
transferring, moving, pushing,  dosing, centering, and sealing trays and
packages related to producing ophthalmic lenses in blister packages, such
as those shown in FIG. 11 and FIG. 12. The system 10 is configured for
placing ophthalmic lenses produced elsewhere from a production line or a
plant into blister packages, also produced elsewhere from production line
or plant and brought together with he ophthalmic lenses. Ophthalmic lenses
usable with the system of the present invention include hydrogel contact
lenses. A silicone hydrogel contact lens is a hydrogel contact lens that
WO 2011/031624PCT/US2010/047694 comprises a silicone component. Examples of
silicone hydrogel contact lenses that can be packaged in the present
packages include, but are not limited to, silicone hydrogel contact lenses
having the following U.S. Adopted Names (USANs): lotrafilcon A. lotrafilcon
B. balafilcon A, galyfilcon A, senofilcon A, comfilcon A. and enfilcon A. A
non-silicone hydrogel contact lens is a hydrogel contact lens that is free
of a silicone componer t. Examples of non-silicone hydrogel contact lenses
that can be packaged in the present packages include hydrogel contact
lenses having the following USANs: omafilcon A, ocufilcon A. ocufilcon B.
ocufilcon C, ocufilcon D, ocufilcon E. methafilcon A, and methafilcon B,
among others. 100241The system 10 comprises a plurality of modules each
configured to perform one or more tasks to place ophthalmic lenses produced
elsewhere from a production line or a pia into blister packages, also
produced elsewhere from a production line or plant. In one exemplary
embodiment, the system 10 comprises an infeed tray loading module 12 for
feedi and moving rows of infeed trays containing blister packages
configured for receiving contact lenses. As further discussed below, the
trays each comprise a plurality of cavities having a blister package
disposed therein for receiving an opthalmic lens. The system further
includes a transfer module 18 comprising a robot arm for picking up
opthalmic len:-4:.s supplied by an infeed transfer tray loading module 16.
The loading module 16 may comprise a transferring system for moving a
plurality of transfer trays comprising a plurality of ophthalmic lenses to
the transfer module 18 for pickup, as further discussed below. Finally, an
offload module is provided 26, which includes inspecting, transferring, and
sealing components for completing the packaging process. However, the
system is not limited to the modules expressly disclosed and a person of
ordinary skill in the art may modify the system to remove, add, or
substitute different modules to complete a packaging system for placing
individual ophthalmic lenses into individual lens packages. [0025]Referring
now to FIG. 2A, an exploded schematic view of the transfer module 18 of
FIG. 1 is shown, which comprises a pick and place system 20 for pich mg up
ophthalmic lenses and placing them in individual blister packages 40 that
are located in infeed trays 36, as further discussed below. The pick and
place system 20 comprises a robot arm 46; a motor 22 to move the robot arm
46 and other pick and place components, such as belts, gears, connectors;
an end effector 62, and a plurality of pickup heads 64; and one or more
controllers 24. As used  



WO 2011/031624PCT/US2010/047694 herein, the term"pick and place robot" is
understood to mean a controllable robotic arm that is movable to pick up
and lower ophthalmic lenses. [0026]Referring now to FIGs. 2 and 10, a
schematic view of the transfer module 18. conveyor module 14, and transfer
cart 30 is shown. The conveyor module 14 is configured to move a plurality
of infeed trays 36 (FIG. 2) or a continuous set of infeed trays 36 (FIG.
10) through the system for processing. The infeed trays 36 each comprises a
storage area 38 (FIG. 10) for accommodating blister packs 40. In a
particular embodiment, eight slots 42 are formed in a 1x8 arrangement or
array in the storage area 38 to receive eight blister packs 40 with higher
or lower array number being contemplated. The infeed trays 36 may be made
from metal such as hard anodized steel or aluminum. In other embodiments,
the infeed trays are made from a thermoplastic material, such as
polypropylene or polyethylene and the like. [0027]Any number of blister
packs may be used with the infeed trays 36 of the present invention. In one
embodiment, the blister packs (FIG. 11) are each formed with a holding
cavity 52 having a spherical distal section 54 and a non-spherical tapering
proximal section 56. The cavity 52 is sized and shaped so that when it is
filled with pac icing solution and an ophthalmic lens is placed therein,
the shape allows the placed lens to self-center itself within the cavity.
This in turn facilitates inspection and other processes that rely or: the
lens being centered relative to the cavity. The blister pack 40 further
includes a flange 58, which is configured for mating with a peelable seal
layer (not shown), and optional raised bumps or protrusions 60 for gripping
purposes as well as aesthetic appeal. Another embodiment of the present
blister packs is illustrated by the blister pack of FIG. 12, in which the
blister pack 300 comprises, consists or, or consists essentially of a
plastic base member, similar to the blister pack 40 described above, which
base member comprises a cavity 303 for storing a hydrogcl contact lens and
a packaging liquid, as understood by persons of ordinary skill in the art.
[0028]The pick and place robot 46 is programmed to traverse along the z
axis to move between a first working envelope or area 58 and a second
working envelope or area 60. The first working envelope is understood to
cover a general area that is above one or more infeed trays 36 and the
second working envelope is understood to cover a general area that one or
more transfer trays 34. Thus, as described herein, the pick and place robot
46 is configured to move from between the second working area 60 to pick up
a set of ophthalmic lenses and the first working area 58 to place the
ophthalmic lenses in corresponding blister  WO 2011/031624PCT/US2010/047694
packs 40. An additional embodiment of the present system includes a pick
and place robot 46 that can move along an x-z plane, x axis, and/or y axis.
[0029]Movement along they axis enables the pick and place robot 46 to raise
and lower 



its end effector 62 when located at the first working envelope or the
second working envelope. This in turn allows the robot to apply a vacuum to
the end effector to pick up a plurality of ophthalmic lenses or deactivate
the vacuum to drop the ophthalmic lenses into corresponding blister packs,
as further discussed below. [0030]Referring now to FIGs. 3-5 in addition to
FIG. 2, pickup heads 64 are shown  incorporated on an end effector 62 for
picking up ophthalmic lenses. In one embodiment, eight individual pickup
heads 641_, (where n is any integer greater than 1) are incorporated on the
end effector 62 for picking up eight ophthalmic lenses in a single pickup
operation. The number of pickup heads 64 located on the end effector 62
should correspond with the number of cavities in the transfer trays 34 and
infeed trays 36, which corresponds to the number of ophthaimic lenses to be
picked up per transfer operation, as further discussed below. The pickup
heads 64 may each be made from 316 stainless steel and comprises an arcuate
end profile 66 that approximately matches a base curve of an ophthalmic
lens to facilitate an approximate size-onsize fit when the pick up head
picks up the ophthalmic lens. In a particular embodiment. the pickup head
64 incorporates four intersecting tabs or wings 68 resembling a plus "+"
sign when normally viewed along the pick up head's distal end and its
longitudinal axis (i.e., the end that contacts the contact lens). The wings
are preferably equally spaced from one another and in a most preferred
embodiment are at right angle to one another. However, fewer wings, such
as, for example, three, or more than four wings may be incorporated, such
as, for example, five wings. In one embodiment, the wings are equally
spaced from one another. [0031]The wings 68 are formed with a flange 70,
which has an enlarged flange section 72, a reduced flanged section 74, and
a shoulder 76 located therebetween. A threaded bore is incorporated on the
upper surface 78 of the flange 70 to threadedly engage the pickup head 64
with a threaded male stern projecting from the header connector block 80
(FIG. 3), which is part of the end effector 62. However, a reverse
arrangement in which a threaded male stem is incorporated on the pickup
head 64 and a threaded bore on the connector block 80 is possible, as well
as other connecting means for connecting the pickup head to the header
connector block, without deviating from the spirit and scope of the present
invention.  WO 2011/031624PCT/US2010/047694 [0032]With specific reference
now to FIGs. 4 and 5, each wing 68 incorporates a plurality of radial bores
81-83 each having two ends that terminate in openings. The bores are
configured to produce negative pressure or vacuum to enable the pickup head
64 to pick up an ophthalmic lens, as further discussed below. A first or
exterior opening 84 of each bore is located at the end profile 66 of the
wing 68 and a second or interior opening 86 is located along a  central
bore 88. In one embodiment, three radial bores 81-83 are formed in each
wing, 68 with each bore having the same interior diameter. In another
example, the bores are sized to produce generally similar vacuum at the
exterior openings 84 so that a similar level of negative pressure is
applied on the ophthalmic lens from all openings. In one embodiment, the
bores generally decrease in diameter from the outer most bore 83 towards
the inner most bore 81 due to a decrease in bore length, which produces
less pressure drop and therefore has a relatively smaller diameter. In
another embodiment, the bores have constant diameters along their length.
[0033]The central bore 88 generally runs longitudinally from the inlet to
the threaded bore (not shown), where the pickup head 64 connects to the
header cormmor block 80 and extends through the intersection of the four
wings 68. In one embodiment, at the terminal or distal end 94 of the
central bore 88, a reducer 96 is incorporated to provide a large pressure
drop across a central exterior opening 98 of the central bore. The exterior
openings 84 cooperate to pick up an ophthalmic lens when a vacuum source is
supplied to the central bore 88, as further discussed below. The central
bore 88 functions as a vacuum header to the plurality of radial bores
81-83. In one embodiment, the central bore 88 is sized about 2.5 dries to
about 4 times  larger in diameter than the largest radial bore. 



[0034]In the example shown in FIG. 5, the three exterior openings 84 are
equally spaced along the outer periphery 66 of each wing, but other
configurations are possible. As shown in the example of FIG. 4, centrally,
an undercut area 100 is provided by forming a lip 102 at the inner end of
each wing 68. As the central opening 98 terminates in the undercut area
100, it is recessed from the inner most openings 84 of the inner most
radial bores 81. This allows the central opening 98 to suction areas and
surfaces in the undercut area of the pickup head 64 and not simultaneously
come in contact with the surface of an ophthalmic lens as with the other
openings 84 of the wings 68, as further discussed below. As used herein,
the words -recess" or "recessed" are understood to mean away from or offset
from the same general plane or contour of another item or structure.  WO
2011/031624PCT/US2010/047694 [0035]Also shown in partial cut-away view in
FIG. 4 is an ophthalmic lens 90, which has an outer .periphery 92. In one
embodiment, the outer most openings 84 of the four wings 68 are sized and
placed so that when the pickup head 64 picks up the ophthalmic lens 90, the
lens periphery 92 is recessed from the outer edges of the four outer
openings 84. Thus, the outer openings 84 will not be completely shielded or
covered by the ophthalmic lens when vacuum is applied. This allows the
pickup head 64 to both lift the outer perimeter of the ophthalmic lens and
suction fluids around the lens during a pick up operation, as further
discussed below. In another embodiment, the outer most openings 84 are
sized and placed so that they are recessed from the outer periphery 92 of
the ophthalmic lens 90 and be covered by the lens. However, as the central
opening 98 is recessed from the inner openings 84, it is not sealed or
directly covered by the posterior surface of the lens when suction is
applied. As such, fluids and possibly particles from unreacted or partially
reacted monomers may be drawn away by the central opening 98 irrespective
of whether the outer openings are covered or not. [0036]In one embodiment,
pluralities of bypass openings 104 are incorporated along side wall 106 of
one or more wings 68. With reference to FIG. 5 in addition to FIG. 4, each
bypass opening 104 is formed along the path of the outer most radial bore
83 and is in communication with the radial bore. The bypass openings 104
are thus recessed from the profile 66 of the pickup head 64 and in the
embodiment shown, are located along a plane orthogonal to a plane defining
the central opening 98. In this embodiment. because the by lass openings
104 and the central opening 98 do not come in contact with a lens surface,
they open ends that enable the pickup head to draw away fluids and the
like. Accordingly, an ,i-H.pect of the present invention is a pickup head
comprising a plurality of openin Is, a subset of said openings being
configured to suck a common surface of an ophthalmic leas and the remaining
number of said openings being configured to suction fluids and possibly
suspended solids from a tray cavity during a pickup operation, as further
discussed below. The pickup head provided herein is also understood to
provide spaced apart suction areas defined by interior suction openings
formed along a plug shape area and wherein a different set of openings are
available to provide a continuous negative pressure. From the description,
the pickup head is also underto provide a contoured outer periphery sized
and shaped to form a spherical fit with the p lens surface of an ophthalmic
lens.  WO 2011/031624PCT/US2010/047694 [0037]With reference now to FIG. 6,
a perspective view of a transfer tray or lens carrier 



34 provided in accordance with aspects of the present invention is shown.
As previously discussed with reference to FIG. 2, the transfer tray 34 is
configured to temporarily store ophthalmic lenses following a delensing
step, or a washing step, such as a hydrating step, or a combination
hydrating/extracting step. Although robots or other assemblies may be used
to transfer the ophthalmic lenses into the cavities of the transfer tray,
in one embodiment, the ophthalmic lenses are manually transferred to the
transfer tray with the posterior lens surface or base curve facing the
opening of the cavity. The tray 34 may be formed from a thermoplastic
material, such as ATOFINA(r) polypropylene (Total Petrochemicals,
Courbevoie, France other polypropylene resins, and is laid out in a 4x8
lens cavity array with smaller or larger arrays contemplated. More
specifically, the tray 34 has a length L and a width W and is molded with a
plurality of cavities or wells 108 aligned along the length and the width
in a 4x8 array. In on embodiment, the wells depend from a substantially
planar upper surface 109 in an equally spaced manner along the length and
width. The cavities 108 are each sized and configured to hold a single wet
ophthalmic lens and each has a receiving area configured to hold the
posterior lens surface of the ophthalmic lens facing up and the anterior
lens surface facing the bottom wall surface of the cavity. [0038]With
reference to FIG. 9 in addition to FIG. 6, the cavity 108 has an opening,
110 defined by a perimeter having a multi-sided clover configuration, such
as an eight leaf clover configuration. As shown in FIG. 8, which is a
cross-sectional view of FIG. 6 taken along line 8- 8, the cavity 108 tapers
radially inwardly as it extends toward the cavity base 114. Thus, the
interior surface 112 (FIG. 6) of the cavity 108 is both undulating and
tapering. Internally, a cylindrical interior section 116 (FIG. 8) is formed
by a generally square or perpendicular, i.e. non-tapered, wall 118, which
is disposed below the tapered section of the cavity. A substantially
spherical wall section forming the base surface 114 is disposed adjacent c
generally square wall section 118. Thus, when an ophthalmic lens 90 is
placed in one of the cavities 108, the interior contour of the cavity is
structured to align the lens so that it sits centrally inside the cavity.
In one embodiment, the lens cavities 108 are each filled with a sufficient
amount of deionized water prior to placement of the ophthalmic lenses
therein. When an ophthalmic lens is placed in one of the cavities, it sinks
to the bottom of the cavity and is self-aligned by the structure of the
interior wall surface 112. As shown in FIGs. 8 and 9, the periphery 92 of
the  WO 2011/031624PCT/US2010/047694 ophthalmic lens 90 fits against the
perimeter of the square wall section 118, near the transition with the
bottom base 114. In one embodiment, the diameter of the square wall section
is about 16 mm and the diameter of the ophthalmic lens is about 14.5 mm for
a tonic lens and about 14.0 mm for a spherical lens. In another embodiment,
the diameter of the square wall section is about 0.1 mm to about 0.3 mm
larger than the diameter of the ophthalmic lens to facilitate alignment
tment to within a small tolerance. Thus, an aspect of the present invention
is a transler tray comprising a plurality of cavities formed in an array,
said cavities each comprising an undulating surface and a tapering surface
that tapers to a smaller diameter base surface for centering the ophthalmic
lens. Another embodiment of the present invention is a system comprising a
1 N 8 array of cavities on a transfer tray, a ilx8 array of pickup heads on
an end effector, and a 1x8 ar.tay of cavities on an infeed tray, wherein
the spacing between two adjacent centers of the cavil ies of the infeed
tray, the transfer tray, and the spacing between two pickup heads are
generally the same, to within O. to 0.3 mm. [0039]FIG. 7 is a bottom
perspective view of the tray 34 of FIG. 6. As shown, the tray has an outer
perimeter wall 120, a recessed outer perimeter wall 122, and a stacking
area 124 (FIG. 6) formed therebetween. The stacking area 124 is configured
to support another tray _ placed thereon to form a stack of transfer trays
34. Also shown are four recessed areas 126 formed along the length of the
tray. The recessed areas 126 are formed to facilitate alignment on the
palettes 32 (FIG. 1). Typically the trays are arranged in a planar arrar
gement in a manufacturing line, such that each tray is adjacent each other
without being stacked on each other. In some embodiments, the trays may be
stacked on top of each other. Pluralities of ribs 128, 130 are incorporated
to provide added structural rigidity and flatness for moulding purposes.
The short ribs 130 are provided to connect adjacent exterior cavity wall
surfaces 132 while the longer ribs 128 are provided to connect the outer
perimeter walls 120, 122 together. In one embodiment, the wells or cavities
108 are about 27.3 mm on centers, the tray height is about 15mm high, the
tray width is about 243 mm wide, and the tray length is about 129 mm long.
The well depth measured from the top surface 109 to the tray bottom surface
or base 114 is about 13.57 mm. [0040]The operation of the system provided
herein may be understood as follows: [0041]The thermoformed or injection
molded transfer trays 34 are first prepared by placing transfer solution in
the tray cavities 108. In one embodiment, the transfer solution. can I 



WO 2011/031624PCT/US2010/047694 deionized water, or an other aqueous
solution, such as a saline solution, including a contact lens packaging
solution. Ophthalmic lenses 90 are then manually placed in th cavities 108,
ore lens per cavity with the base curve (posterior surface) up, to form
transfer reay trays 134, which is understood to mean trays with ophthalmic
lenses placed therein. The trays may be placed in rows of one-stack high or
in stacks of multiple trays, such as five-high or integers thereof.
[0042]The stack of transfer ready trays 134 are then moved over to the
transfer module 18 (FIGs. 1 and 2), or transported over using a conveyor
system or other means, such as by hand carry. The process may be a
continuous process or a batch process. If a continuous process and a cart
is used to transport the stacks of transfer ready trays 134 to the transfer
module 18, care must be taken to ensure sufficient stacks of trays 134 are
available at the second working area 60 for picking up by the pick and
place robot arm 46 so as not to disrupt the continuous process. 100431The
pick and place robot 46 is programmed to move between the first working
area 58 and the second working area 60. In an exemplary sequence, the rick
and place robot 46 moves along thecoordinate to move to the second working
area 60 O\ ev a transfer ready tray 134. The pick and place robot 46 then
lowers the end effector 62 (FIGs. 2 and 3) along they axis towards the tray
134. The pickup heads 641_8, being numbered and spaced a corresponding
distance as the cavities 108 on the tray 134, are lowered into the cavities
108 and into the :fluids contained in the cavities to pick up the
ophthalmic lenses 90. Concurrently therewith or slightly before the pickup
heads are lowered into the cavities, a vacuum is applied to the end
effector 62, which places the header connector block 80 under vacuum and
provides vacuum to each of the central bores 88 of the eight pickup heads
64. [0044]With reference now to FIG. 5, as the pickup heads 64 are lowered
into the cavities of the transfer ready tray 134, vacuum is generated and
causes a negative fluid flow (e.g., gas and/or liquid) into each pickup
head, indicated by the arrows. Since the cavities are filled to
predetermined level with liquid, the liquid is suctioned away by the
vacuum. The pickup heads 64 pick and hold the lenses, one on each pickup
head, out of the wet tray. with vacuum still applied. The applied vacuum
also extracts the deionized (DI) water out o: the wet tray. In one
embodiment, the robot 46 is programmed to move directly towards the tray
and the pickup heads 64 sucking up the lenses before the liquid is
completely emptied from thc cavities. As such, residual liquid may remain
in the cavities even after the end effector 62 is retracted away from the
tray with the ophthalmic lenses suctioned to the ends 66 of the pickup
heads 64.  WO 2011/031624PCT/US2010/047694 



[0045]With reference now to FIG. 4 in addition to FIG. 2, as the end
effector 62 is retracted away from the transfer ready tray 134 and moved
over to the first working area 58, vacuum applied to the pickup head 64
causes excess liquid on the surface of the ophthalmic lens to be sucked
through the central opening 98 and the bypass openings 104 of the pickup
head. Consequently, excess liquid present with the ophthalmic lens is
removed from the ophthalmic lens by the vacuum at the central opening the
bypass openings before being placed into a blister pack. This removal of
the excess liquid allows the osmolarity of the final packaging solution,
which can be, for example, a buffered saline solution, in the blister pack
to be more ei-C2ctively controlled by limiting the amount of transferred
liquid, such as deionized water, to con-le contact with and dilute the
packaging solution. [0046]Referring again to FIG. 6 in addition to FIG. 4,
because the cavities 108 are structured to center the ophthalmic lenses 90
within each cavity and the spacing between each cavity is known, the robot
46 can be programmed to pick up the lenses with repeated accuracy. However,
in the event an ophthalmic lens is misaligned so that it is off-centered
when picked by the pickup head 64, the bypass holes 104 and the central
opening 98 on the pickup head allows the holes and opening to suction
excess transfer liquid away from the lens surface so that it will not
affect the osmolarity of the packaging solution. [0047]Referring now to
FIGs. 10 and 11, after the ophthalmic lenses are picked up and the pick and
place robot 46 returns to the first working area 58, it is programmed with
a coordinate that enables the pickup heads 64 to be positioned over and
alined with the cavities  52 of the blister packs 40 or the blister packs
300, as illustrated in FIG. L. The blister packs are moved along the
conveyor module 14 inside the infeed trays 36 and pre-filled with packing
solution when passed through a dosing module. The pick and place robot 46
is then activated to be lowered along the y coordinate to lower the pickup
heads in corresponding blister packs. [0048]When the pickup head with the
contact lens is located above the blister pack, the vacuum is turned off or
is otherwise stopped. The lens can remain attached to the pickup head by
the surface tension provided by the wet lens surface and the pickup head
surface. The lens attached to the pickup head is then dipped into the
packaging solution in the blister pack. Contacting the lens with the
packaging solution results in the lens being released from the pickup head
and becoming immersed in the packaging solution located in the blister
pack.  WO 2011/031624PCT/US2010/047694 [0049]In another embodiment, during
the discharge operation, the pickup head 64 and the lens are both lowered
below the surface of the packaging solutions belore vacuum is turned off.
Once turned oftl the ophthalmic lens separates from the pickup 11,.;1,1 64
and floats to the bottom of the blister pack. This process may be
incorporated in combination with over-filling the blister pack with
packaging solution and/or providing means to avoid sucking out all or a
portion of the packaging solution. 



[0050]FIG. 10 shows the blister packages 40 each with a peelable foil cover
1 36. as reflected by the reflective cross-hatchings. The foil covers 136
are placed over the blister packages after the ophthalmic lenses are placed
therein, one lens per package. [0051]In view of the disclosure herein, it
can be appreciated that with the present trays 34 the ophthalmic lenses
present in the liquid in the cavities of the trays 34 remain centered or
substantially centered in the cavities. This self-centering is effective in
reducing variability in lens position within the cavity and thereby reduces
the potential that the i7ickup head will inadvertently miss the lens during
the pick-up process. Ideally, the centering of the ophthalmic lens provided
by the cavity results in zero misses by the pickup head and achieves a
yield of 100% in a batch of lenses being transferred. As discussed herein,
the cavity of the illustrated embodiment has a wavy or undulating conical
sidewall that tapers from a wider dimension at the cavity opening to a
narrower dimension near the bottom of the cavity. The cavity has a
cylindrical bottom sidewall disposed between the conical sidewall and the
bottom surface of he cavity. The bottom surface of the cavity can be
defined by a spherical curve in the illustrated embodiment. In addition, by
providing a wavy or undulating conical sidewalk it is possible that
portions of the sidewall act as channels along which a liquid can flow.
[0052]Additionally, with the present pickup heads, it is now possible to
pick up a wet hydrogel lens using vacuum pressure without damaging the
lens, to control the amount of liquid transferred with the lens from the
tray to the blister pack, or both. The reduced damage to the lens compared
to other pickup heads used to transfer wet hydrogel lenses can be
attributed to the unique bore design of the pickup head in which the vacuum
pressure does not become excessive, causing dimpling and/or other damage to
the lens. Similarly, in embodiments of the unique bore configuration with
the ability to remove excess liquid during the transfer, the removal of
excess liquid helps reduce contamination of the packaging liquid in the
blister pack, and thereby assists in maintaining the predetermined
conditions of the packaging liquid, such as the osmolarity of  WO
2011/031624PCT/US2010/047694 the packaging liquid. In the illustrated
embodiment, the maximum amount of liquid wLrred with the lens attached to
the pickup head is 60 IA. However, it is possible that the amount of liquid
is even less than 60 p.L. Thus, in the illustrated embodiment, the amount
of dilution of the packaging liquid is 4% or less resulting from the
transfer of the lens and any residual liquid from the lens tray. With the
present system, components and processes, it is possible to maintain the
osmolarity of the packaging liquid at a value of about 325 mOsm plus/minus
10 mOsm. In other embodiments, the osmolarity of the packaging liquid is
about 316 mOsm plus/minus 19 mOsm when the lens is inserted into the
blister pack. [0053]With the present pickup heads and trays, it is possible
to also effectively center the lens in the recess of the blister pack since
the original position of the lens in the tray cavity is known. The
ophthalmic lenses can be transferred into a blister pack that already
contains a liquid in the blister pack cavity to reduce bubble formation
that may result from placing the lens and liquid in the blister pack. The
centered lenses preferably do not contact the sidewalk of the blister pack
cavities when located in the packaging liquid. By reducing the amount of
comae between the lens and the blister pack cavity sidewall, it is easier
to obtain a reliable image of the lens in the blister pack during a lens
inspection procedure, and to reduce the number of detected defects that are
false positives (i.e., resulting from the contact between the lens and the
sidev.- as compared to actual defects of the lens). [0054]Once in the
blister pack cavity, the lenses can be inspected manually or 



automatedly using cameras and various computer software programs corigured
to detect ens defects. [0055]Although the disclosure herein refers to
certain specific embodiments. it is to be understood that these embodiments
are presented by way of example and not by way of limitation. The intent of
the foregoing detailed description, although discussing exemplary
embodiments, is to be construed to cover all modifications, alternatives,
and equivalents o t embodiments as may fall within the spirit and scope of
the invention as defined by the claims.  WO 2011/031624PCT/US2010/047694
What is claimed is: A method of manufacturing an ophthalmic lens,
comprisin:              providing an ophthalmic lens in a volume of liquid
in a well of a lens carrier so that the ophthalmic lens is understood to be
a wet lens; removing the wet lens from the well using a wet lens pick up
head;              moving the wet lens pick up head with the wet lens fixed
to a surface having a curvature of the wet lens pick up head toward a
blister package having a cavity to receive the wet lens; and releasing the
wet lens from the wet lens pick up head into the cavity of the blister
package,              wherein the well of the lens carrier includes a
sidewall portion and bottom surface-in contact with the sidewall portion
configured to center the ophthalmic lens in the well, or 



wherein, during the moving, the wet lens is fixed to a first set of holes
in the surface of the wet lens pick up head and is retained to the surface
by vacuum, and excess liquid is removed from the wet lens by a second set
of holes recessed from the surface having the curvature.        2. The
method of claim 1, wherein the step of releasing the wet lens comprises
releasing the wet lens into a volume of packaging solution.        3. The
method of claim 1, wherein the lens pick up head comprises spaced apart
wings, each wing comprising an end surface comprising a curved end profile
and wherein the first set of holes are formed on the end surface and are
used to apply a vacuum to the wet lens during moving the lens.        4.
The method of claim 1, wherein the step of releasing the wet lens comprises
releasing the lens in the volume of liquid in the well with a base curve of
the lens facing up.         S.The method of claim 1, wherein the side wall
portion of the well comprises an undulating and tapering surface effective
in centering the wet lens in the well.       6.An ophthalmic lens carrier
useful in the manufacture of an ophthalmic lens, comprising: a body member
having a substantially planar upper surface;  WO
2011/031624PCT/US2010/047694              a plurality of wells depending
from the substantially planar upper surface, wherein each well includes a
sidewall portion and a bottom surface in contact with the sidcw:il 



portion structured to center an ophthalmic lens in the well when the lens
is located in a volume of liquid provided in the well.        7. The
ophthalmic lens carrier of claim 6, wherein the sidewall portion comprises
an undulating and tapering surface.        8. The ophthalmic lens carrier
of claim 6. Wherein the bottom surface is curved.        9. The ophthalmic
lens carrier of claim 6, wherein the plural i iy of wells comprises equally
spaced apart        10. The ophthalmic lens carrier of claim 6, wherein the
plurality of wells each comprises an opening and wherein the opening has a
multi-sided clover confi auration.        11. A wet lens pick up head
useful in the manufacture of an ophthalmic lens, comprising: a flange
having a generally planar surface;       a plurality of wings depending
from the flange and in contact with one another at an intersection, the
wings each comprising an end surface comprising a curved end profile for
picking up a curved surface of an ophthalmic lens, the end surface
comprising a plurality of end openings formed thereon; and wherein a bypass
opening is formed on at least one of the wings ad is recessed from the end
openings.        12. The wet lens pick up head of claim 11, wherein the
flange comprises an upper surface having a threaded more formed therein or
a male threaded bore formed thereon. 



13. The wet lens pick up head of claim 11, wherein a central bore is formed
at the intersection and is in communication with the plurality of end
openings.        14. The wet lens pickup head of claim 11, wherein each of
the wings has at least o ne bypass opening.        15. The wet lens pickup
head of claim 11, made from a stainless steel material. 


