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Method for providing a male mold half for molding a toric ophthalmic lens at a

predetermined target rotational orientation

BACKGROUND

[0001] The invention relates to the field of manufacture of toric ophthalmic lenses, in
particular toric contact lenses such as toric soft contact lenses. More specifically, the
invention relates to a method of providing a male mold half for molding a toric ophthalmic
lens at a predetermined target rotational orientation, and to a method of mating a male
mold half for molding a toric ophthalmic lens with a female mold half to form a closed lens

mold for molding a toric ophthalmic lens.

[0002] Toric ophthalmic lenses such as toric contact lenses, in particular toric soft
contact lenses, are used to correct astigmatism of an eye. In general, the cylindrical
correction required for correcting the astigmatism (i.e. the correction adding to a potential
spherical correction required) can generally be provided either by a toric portion on the
front surface or on the rear surface of a toric contact lens (arranged in an optical portion
of the toric contact lens), or by toric portions arranged on both surfaces. For a number of
reasons, in many toric contact lenses the toric portion is provided on the rear surface of
the toric contact lens while at the same time the front surface as a whole is a non-
rotationally symmetric surface (which may be non-toric or may be toric as well) which has
a geometrical shape such that the toric contact lens has features (e.g. prism ballast or
slab-off) arranged in a non-optical portion of the toric contact lens that help stabilizing the
contact lens on the eye in the predetermined rotational orientation required for properly

correcting the astigmatism.

[0003] Toric contact lenses — like most contact lenses — may be effectively
manufactured in a lens molding process. A lens mold used in such lens molding process
typically comprises a male mold half determining the geometrical shape of the rear
surface of the contact lens, and a female mold half determining the front surface of the

contact lens.

[0004] By way of example and for the purpose of simplifying the following discussion,
in the following a contact lens is discussed in which the toric portion is provided on the
rear surface of the toric contact lens while at the same time prism ballast is provided by

the geometrical shape of the front surface.
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[0005] As mentioned already, a toric contact lens must have a predetermined
rotational orientation in its stabilized position on the eye in order to properly correct the
astigmatism. However, the axis of the principal meridian of the astigmatism of the eye
may not necessarily run in the horizontal direction, and in many instances it actually does
not run horizontally but instead the principal meridian of the astigmatic eye includes an
angle with the horizontal. The other meridian of the astigmatism of the eye typically runs

perpendicular to the principal meridian (although this is not necessarily so).

[0006] Consequently, in order to correct the astigmatism of the eye the major axis of
the toric portion provided on the rear surface of the toric contact lens must include the
same angle relative to the horizontal that is included by the principal meridian of the
astigmatism and the horizontal when the toric contact lens is in its stabilized position on
the eye. This holds similarly for the minor axis of the toric surface portion which must
include the same angle with the horizontal that is included between the other meridian of

the astigmatism and the horizontal.

[0007] In terms of the male mold half and female mold half determining the
geometrical shape of the rear surface and of the front surface of the toric contact lens,
respectively, this means that upon mating the male and female mold halves (with the
lens-forming material having been introduced into the female mold half prior to mating the
male and female mold halves) these must be arranged relative to one another such that
the prism ballast and the major and minor axes of the toric portion must be arranged at
the correct angular orientations relative to one another. Since the principal meridian of the
astigmatism - depending on the patient - may occur at different angles relative to the
horizontal, to correct astigmatism having a principal meridian which includes a specific
angle with the horizontal the major axis of the toric portion of the male mold half must
have a target rotational orientation relative to a predetermined rotational orientation of the
female mold half that corresponds to the respective specific angle included by the
principal meridian and the horizontal. The predetermined rotational orientation of the
female mold half is such that the prism ballast is positioned at the lowermost portion of
the toric contact lens when the toric contact lens is in its stabilized portion on the eye.
Accordingly, in the stabilized position the major and minor axes of the toric portion

coincide with the principal meridian and the other meridian of the astigmatism of the eye.

[0008] This means that at the time of mating the male and female mold halves to
form the lens mold (typically the male mold half is placed on the female mold half into
which the lens-forming material has been introduced) the male mold half must have the

required target rotational orientation relative to the predetermined rotational orientation of
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the female mold half. In the manufacture of toric contact lenses, this is typically achieved
by rotating the male mold half to the desired target rotational orientation and placing it on

the female mold half having the predetermined rotational orientation.

[0009] Both the male and female mold halves are typically provided at an initial
predetermined rotational orientation in the manufacturing process. Since the crucial
aspect is the target rotational orientation of the male mold half relative to the
predetermined rotational orientation of the female mold half at the time of mating the male
and female mold halves, the male mold half is rotated from the initial predetermined
orientation to the desired target rotational orientation, and is placed on the female mold
half during mating the mold halves while maintaining the predetermined orientation of the

female mold half and the target rotational orientation of the male mold half.

[0010] Especially in manufacturing processes in which the lens molds are plastic
lens molds (e.g. polypropylene lens molds) which are used only once and which are
recycled after a contact lens has been molded, each male mold must be rotated from the
(initial) predetermined rotational orientation to the (desired) target rotational orientation.
This is typically performed with the aid of a gripper picking the male mold half up at the
rear surface of the male mold half and rotating the gripper with the male mold half by an
angle corresponding to the angular difference between the (initial) predetermined
rotational orientation and the (desired) target rotational orientation. In order to ensure that
the gripper reliably picks the male mold half up at the rear surface thereof, the clearance
between the (typically cylindrical) circumferential inner surface of the sidewall on the rear
surface of the male mold half and the (typically cylindrical) circumferential outer surface of
the gripper is selected such that the gripper may safely be introduced in the space
circumscribed by the circumferential inner surface of the sidewall without colliding with the
sidewall. Once introduced, the male mold half can be reliably picked up by the gripper

with the aid of suction.

[0011] Unfortunately, however, this clearance may result in that the male mold half is
picked up by the gripper in a manner such that the central axis of the male mold half and
the central axis of the gripper are offset relative to one another, i.e. the male mold is
slightly decentered on the gripper. When the gripper with the male mold half is
subsequently rotated about the central axis of the gripper by the said angle corresponding
to the angular difference between the (initial) predetermined rotational orientation and the
(desired) target rotational orientation, due to being decentered on the gripper the male

mold half is not exactly arranged at the (desired) target rotational orientation after
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rotation, but rather the actual rotational orientation of the male mold after rotation deviates

from the (desired) target rotational orientation.

[0012] Consequently, when the thus rotated male mold half having a rotational
orientation that deviates from the (desired) target rotational orientation is mated with the
female mold half having the predetermined rotational orientation, the toric portion of the
rear surface of the toric contact lens molded with this mold does not have the exact
rotational orientation to properly correct the astigmatism when the toric contact lens is in
its stabilized position on the eye. This may repeatedly occur when single-use plastic
molds are used in the lens manufacturing process and may therefore have a significant

impact on the yield.

[0013] It is therefore an object of the invention to overcome the afore-discussed

disadvantages of the prior art.
SUMMARY

[0014] In accordance with a first aspect of the invention, this object is achieved
through a method of providing a male mold half for molding a toric ophthalmic lens, as
specified in independent claim 1. Further advantageous aspects of this method are the

subject of the respective dependent claims.

[0015] In accordance with a second aspect of the invention, this object is achieved
through a method of mating a male mold half comprising a toric convex lens-forming

surface with a female mold half comprising a non-rotationally symmetric concave lens-
forming surface, as specified in independent claim 6. Further advantageous aspects of

this method are the subject of the respective dependent claims.

[0016] The first aspect of the invention relates to a method of providing a male mold
half for molding a toric ophthalmic lens, in particular a toric contact lens such as toric soft
contact lens, at a predetermined target rotational orientation. The male mold half includes
a front face having a toric convex lens-forming surface and a rear face opposite to the
front face. The method includes the steps of:

- providing the male mold half at a predetermined rotational orientation,

- picking the male mold half up with a gripper having a central axis,

- rotating the gripper with the male mold half about the central axis of the gripper by
a predetermined rotational angle towards the predetermined target rotational orientation,

the predetermined rotational angle being the angular difference between the
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predetermined rotational orientation and the predetermined target rotational orientation,
and

- releasing the rotated male mold half from the gripper,
wherein

- prior to picking the male mold half up, centering the gripper and the male mold half
relative to each other such that the central axis of the gripper and a central axis of the

male mold half coincide.

[0017] In accordance with a further aspect of the method according to the first aspect
of the invention, centering the gripper and the male mold half relative to each other may
be performed by engaging a centering surface portion of the gripper with a centering

surface portion provided on the male mold half.

[0018] In accordance with a further aspect of the method according to the first aspect
of the invention, the centering surface portion of the gripper may be a conical portion, for

example a chamfer, tapering towards a distal end face of the gripper.

[0019] In accordance with still a further aspect of the method according to the first
aspect of the invention, the rear face of the male mold half may include a cylindrical
portion extending in a direction coaxial with the central axis of the male mold half and
forming the centering surface portion thereof. In accordance with this aspect, the method
may further include the step of introducing the gripper into the cylindrical portion on the
rear face of the male mold half until the conical portion of the gripper engages the
cylindrical portion on the rear face of the male mold half thereby causing centration of the

gripper and the male mold half relative to each other.

[0020] In accordance with yet a further aspect of the method according to the first
aspect of the invention, the rear face of the male mold half may further include an annular
surface adjoining the cylindrical portion at a distal end of the cylindrical portion. The
annular surface may extend radially inwardly in a plane perpendicular to the central axis
of the male mold half and may have at least one pair of projections arranged thereon. The
projections of each pair of the at least one pair of projections may be arranged angularly
spaced from one another by 180 degrees in the plane perpendicular to the central axis of
the male mold half.

[0021] In accordance with this aspect, the distal end face of the gripper may extend
in a plane perpendicular to the central axis of the gripper, and the distal end face may
comprise at least one pair of recesses arranged therein. The recesses of each pair of the
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at least one pair of recesses may be arranged angularly spaced from one another by 180

degrees in the plane perpendicular to the central axis of the gripper.

[0022] Still in accordance with this aspect the method may further include the step of
introducing the gripper into the cylindrical portion of the rear face of the male mold half
until the recesses of the at least one pair of recesses arranged in the distal end face of
the gripper engage with the projections of the at least one pair of projections arranged on
the annular surface of the rear face of the male mold half to rotationally lock the male

mold half and the gripper.

[0023] The second aspect of the invention relates to a method of mating a male mold
half comprising a toric convex lens-forming surface with a female mold half comprising a
non-rotationally symmetric concave lens-forming surface, to form a closed lens mold for
molding a toric ophthalmic lens, in particular a toric contact lens such as a soft toric
contact lens. The method includes the steps of:

- providing the female mold half at a predetermined rotational orientation and
providing the male mold half at a target rotational orientation relative to the
predetermined rotational orientation of the female mold half using the method according
to the first aspect of the invention described above,

- picking the male mold half having the target rotational orientation up with a
capping stamp having a central axis, and placing the male mold half on the female mold
half to mate the male and female mold halves while keeping the target rotational
orientation of the male mold half relative to the predetermined rotational orientation of the
female mold half to form the closed lens mold,
wherein the method further includes the step of

- prior to picking the male mold half up, centering the capping stamp and the male
mold half relative to each other such that the central axis of the capping stamp and a

central axis of the male mold half coincide.

[0024] In accordance with a further aspect of the method according to the second
aspect of the invention, centering the capping stamp and the male mold half relative to
each other may be performed by engaging a centering surface portion of the capping

stamp with a centering surface portion provided on the male mold half.

[0025] In accordance with a further aspect of the method according to the second
aspect of the invention, the centering surface portion of the capping stamp may be a
conical portion, for example a chamfer, tapering towards a distal end face of the capping

stamp.
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[0026] In accordance with still a further aspect of the method according to the
second aspect of the invention, the rear face of the male mold half may include a
cylindrical portion extending in a direction coaxial with the central axis of the male mold
half and forming the centering surface portion thereof. In accordance with this aspect, the
method may further comprise the step of introducing the capping stamp into the
cylindrical portion on the rear face of the male mold half until the conical portion at the
distal end of the capping stamp engages the cylindrical portion on the rear face of the
male mold half thereby causing centration of the capping stamp and the male mold half

relative to each other.

[0027] In accordance with yet a further aspect of the method according to the second
aspect of the invention, the rear face of the male mold half may further include an annular
surface adjoining the cylindrical portion at a distal end of the cylindrical portion, the
annular surface extending radially inwardly in a plane perpendicular to the central axis of
the male mold half and having at least one pair of projections arranged thereon. The
projections of each pair of the at least one pair of projections may be angularly spaced
from one another by 180 degrees in the plane perpendicular to the central axis of the
male mold half.

In accordance with this aspect, the distal end face of the capping stamp may include at
least one pair of recesses arranged therein, and the recesses of each pair of the at least
one pair of recesses may be spaced from one another by 180 degrees in the plane
perpendicular to the central axis of the capping stamp. Still in accordance with this
aspect, the method may further include the step of introducing the capping stamp into the
cylindrical portion of the rear face of the male mold half until the recesses of the at least
one pair of recesses arranged in the distal end face of the capping stamp engage with the
projections of the at least one pair of projections arranged on the annular surface of the
rear face of the male mold half to rotationally lock the male mold half and the capping

stamp.

[0028] The invention provides for a number of advantages. As regards the method in
accordance with the first aspect, the gripper always picks the male mold half up in a
manner such that the male mold half is centered on the gripper, that is to say in a manner
such that the central axis of the male mold half and the central axis of the gripper
coincide. As a consequence of this centered arrangement of the male mod half on the
gripper, rotation of the gripper (with the male mold half arranged thereon) about the
central axis of the gripper by the predetermined rotational angle results in the male mold

half being rotated exactly to the (desired) target rotational orientation. Any deviation from
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the desired target rotational orientation due to an off-center arrangement of the male mold
half on the gripper is avoided. Accordingly, the thus rotated male mold half - which is later
used when the lens mold is closed by mating the male and female mold halves - is
provided at the exact target rotational orientation relative to the predetermined orientation
of the female mold half, so that the molded toric ophthalmic lens is rotationally stabilized
on the eye of the patient exactly at the desired rotational orientation to properly correct
the astigmatism. In general, it is possible to pick the male mold half up at the front face or
at the rear face. Since the front face of the male mold half typically includes the toric
convex lens-forming surface (but in addition includes a peripheral surface surrounding the
lens-forming surface that may be used for the picking up of the male mold half by the
gripper), it is preferred to pick up the male mold half at the rear face, as will be described

in more detail below.

[0029] Advantageously, the centered arrangement of the male mold half on the
gripper (with the central axes coinciding) may be achieved with the aid of a centering
surface portion, e.g. a conical portion such as a chamfer, tapering towards the distal end
face of the gripper on one hand, and with the aid of a centering surface portion provided
on the male mold half on the other hand. The centered arrangement (coincidence of the
central axes) of the male mold half on the gripper can thus be achieved in a simple and
reliable manner both from a constructional point of view as well as from a procedural

point of view.

[0030] As regards the centering surface portion of the male mold half, this portion
may be embodied as a cylindrical portion which is provided on the rear face of the male
mold half. This cylindrical portion on the rear face of the male mold half may extend in a
direction coaxial with the central axis of the male mold half. The conical portion of the
gripper may be introduced into this cylindrical portion on the rear face of the male mold
half until the conical portion of the gripper engages the cylindrical portion on the rear face
of the male mold half, whereby the desired centered arrangement of the male mold half

on the gripper (central axes coinciding) is reliably achieved.

[0031] Yet further, the rear face of the male mold half may comprise an annular
surface adjoining the cylindrical portion at the distal end of the cylindrical portion. This
annular surface extends radially inwardly in a plane perpendicular to the central axis of
the male mold half. One or more pairs of projections may be arranged on this annular
surface, with the two projections of each pair of projections being arranged angularly
spaced from each other by 180 degrees in the plane perpendicular to the central axis of

the male mold half. Correspondingly, the distal end face of the gripper may also extend in
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a plane perpendicular to the central axis of the gripper, and one or more pairs of recesses
may be arranged in the distal end face of the gripper, with the two recesses of each pair
of recesses being arranged angularly spaced from each other by 180 degrees in the
plane perpendicular to the central axis of the gripper. Upon introducing the gripper into
the cylindrical portion on the rear face of the male mold half, the recesses arranged in the
distal end face of the gripper engage with the projections arranged on the annular surface
on the rear surface of the male mold half. After engagement, the male mold half and the
gripper are rotationally locked (so that no rotation of the male mold half relative to the

gripper is possible anymore).

[0032] While the number of pairs of projections arranged on the annular surface of
the rear face of the male mold half may exactly correspond to the number of pairs of
recesses arranged in the distal end face of the gripper (in this case the angular positions
of the pairs of projections must to correspond to the angular positions of the recesses
arranged in the distal end face of the gripper), the number of pairs of projections may be
lower than the number of recesses. For example, only one pair of projections may be
arranged on the annular surface while one or more pairs of recesses may be arranged in
the distal end face of the gripper. In one embodiment, only one pair of projections is
provided on the annular surface of the rear face of the male mold half at angular positions
that correspond to the direction of flow of the polypropylene during injection molding of

the male mold half.

[0033] As regards the second aspect of the invention, the male mold half is already
provided at the (desired) target rotational orientation relative to the predetermined
orientation at which the female mold half is provided, and for this purpose the afore-
described method of providing the male mold half at the said target rotational orientation
is used. In order to be able to manufacture toric ophthalmic lenses in a manner such that
these lenses are rotationally stabilized on the eye at the correct rotational orientation to
properly compensate for the astigmatism, it is vital to close the lens mold by mating the
male mold half provided at the target rotational orientation with the female mold half
provided at the predetermined rotational orientation while exactly keeping the respective
rotational orientations of the male and female mold halves. For this purpose the male
mold half having the target rotational orientation is picked up by a capping stamp in a
manner centering the gripper and the capping stamp relative to each other such that the
central axis of the male mold half and the central axis of the capping stamp coincide.

Thereafter, the male mold half is placed on the female mold half.
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[0034] Advantageously, the centered arrangement of the male mold half on the
capping stamp (with the central axes of the male mold half and of the capping stamp
coinciding) may be achieved with the aid of a centering surface portion, e.g. a conical
portion such as a chamfer, tapering towards the distal end face of the capping stamp on
one hand, and with the aid of a centering surface portion provided on the male mold half
on the other hand. The centered arrangement (coincidence of the central axes) of the
male mold half and of the capping stamp can thus be achieved in a simple and reliable
manner both from a constructional point of view as well as from a procedural point of

view.

[0035] As regards the centering surface portion of the male mold half, this portion
may be embodied as a cylindrical portion which is provided on the rear face of the male
mold half. This cylindrical portion on the rear face of the male mold half may extend in a
direction coaxial with the central axis of the male mold half. The conical portion of the
capping stamp may be introduced into this cylindrical portion on the rear face of the male
mold half until the conical portion of the capping stamp engages the cylindrical portion on
the rear face of the male mold half, whereby the desired centered arrangement of the

male mold half on the capping stamp (central axes coinciding) is reliably achieved.

[0036] Yet further, the rear face of the male mold half may comprise an annular
surface adjoining the cylindrical portion at the distal end of the cylindrical portion. This
annular surface extends radially inwardly in a plane perpendicular to the central axis of
the male mold half. One or more pairs of projections may be arranged on this annular
surface, with the two projections of each pair of projections being arranged angularly
spaced from each other by 180 degrees in the plane perpendicular to the central axis of
the male mold half. Correspondingly, the distal end face of the capping stamp may also
extend in a plane perpendicular to the central axis of the gripper, and one or more pairs of
recesses may be arranged in the distal end face of the capping stamp, with the two
recesses of each pair of recesses being arranged angularly spaced from each other by
180 degrees in the plane perpendicular to the central axis of the capping stamp. Upon
introducing the capping stamp into the cylindrical portion on the rear face of the male
mold half, the recesses arranged in the distal end face of the capping stamp engage with
the projections arranged on the annular surface on the rear surface of the male mold half.
After engagement, the male mold half and the capping stamp are rotationally locked (so
that no rotation of the male mold half relative to the gripper is possible anymore).

[0037] While the number of pairs of projections arranged on the annular surface of

the rear face of the male mold half may exactly correspond to the number of pairs of
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recesses arranged in the distal end face of the capping stamp (in this case the angular
positions of the pairs of projections must to correspond to the angular positions of the
recesses arranged in the distal end face of the capping stamp), the number of pairs of
projections may be lower than the number of recesses. For example, only one pair of
projections may be arranged on the annular surface while one or more pairs of recesses
may be arranged in the distal end face of the capping stamp. In one embodiment, only
one pair of projections is provided on the annular surface of the rear face of the male
mold half at angular positions that correspond to the direction of flow of the polypropylene

during injection molding of the male mold half.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] Further advantageous aspects will become apparent from the following
detailed description of embodiments of the invention with the aid of the drawings, in

which:

[0039] Fig. 1 is a perspective view of a male mold half for molding a toric contact

lens;

[0040] Fig. 2 is a side view of the male mold half of Fig. 1;

[0041] Fig. 3 is a top view of the male mold half of Fig. 1;

[0042] Fig. 4 is a cross-sectional view of the male mold half of Fig. 1;

[0043] Fig. 5 is a top view of a carrier comprising two rows of openings, one for
accommodating a plurality of the male mold halves shown in Fig. 1 and the other for

accommodating the corresponding female mold halves;

[0044] Fig. 6 is a perspective side view of a gripper for gripping a male mold half
shown in Fig. 1 from the carrier shown in Fig. 5;

[0045] Fig. 7 is a perspective bottom view of the gripper of Fig. 6;

[0046] Fig. 8 is a perspective view of an intermediate storage carrier comprising a
plurality of openings for accommodating the male mold halves shown in Fig. 1 rotated by

a predetermined rotational angle;

[0047] Fig. 9 is a cross-sectional view of a detail of Fig. 8 showing the situation

where a male mold half shown in Fig. 5 and rotated by the predetermined angle is placed
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into an opening of the intermediate storage carrier with the aid of the gripper shown in
Fig. 5;

[0048] Fig. 10 is a front view of a capping stamp for mating the rotated male mold

half with the corresponding female mold half;

[0049] Fig. 11 is a perspective bottom view of the capping stamp of Fig. 10;

[0050] Fig. 12 is a perspective view the capping stamp of Fig. 10 during mating the

rotated male mold half with the corresponding female mold half;

[0051] Fig. 13 is a top view of the capping stamp of Fig. 10 during mating the rotated

male mold half with the corresponding female mold half;

[0052] Fig. 14 is a cross-sectional view of the capping stamp of Fig. 10 during mating

the rotated male mold half with the corresponding female mold half; and

[0053] Fig. 15 is an enlarged view of a detail of Fig. 14 showing the engagement of
one of the recesses provided in the distal end face of the capping stamp with one of the

projections provided on the rear face of the male mold half.
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DETAILED DESCRIPTION OF EMBODIMENTS

[0054] In Fig. 1 — Fig. 4 an embodiment of a male mold half 1 for molding a toric
contact lens is shown. Male mold half 1 comprises a front face 10 and a rear face 11
opposite to the front face 10. In the embodiment, the convex lens-forming surface 100 of
the front face 10 of male mold half 1 has a toric shape having a major axis and a minor
axis running perpendicular thereto. Male mold half 1 further comprises a tab 12. For the
sake of simplicity, let us assume that the major axis of the toric convex lens-forming
surface 100 runs in the direction of the tab 12 and that the minor axis runs perpendicular

thereto, although this is not mandatory.

[0055] On the rear face 11, male mold half 1 comprises four conical pins 111
extending upwardly from an uppermost surface 111 of rear face 11. The conical pins 111
are provided on the uppermost surface 111 for manufacturing reasons only and are not
essential for the invention. In the embodiment, rear face 11 of male mold half 1 comprises
a cylindrical portion 112 extending downwardly from uppermost surface 111. Male mold
half 1 comprises a central axis 113, and cylindrical portion 112 extends in a direction
coaxial with central axis 113 of male mold half 1. Cylindrical portion 112 acts as a
centering surface portion for centering a tool to be introduced into cylindrical portion 112,

as will be explained in more detail below.

[0056] At the distal end (lower end) of cylindrical portion 112, the rear face 11
comprises an annular surface 114 adjoining cylindrical portion. Annular surface 114
extends radially inwardly in a plane perpendicular (i.e. normal) to central axis 113. As
can be seen best in Fig. 3, a pair of projections 115 are arranged on annular surface 114.
The individual projections 115 of the pair are angularly spaced from one another by 180°
(degrees) in the plane perpendicular to central axis 113. While only one pair of
projections 115 is shown in the embodiment, more than one pair may be provided, with
the projections of each pair being angularly spaced from one another by 180° (like
projections 115). In the embodiment shown, the projections 115 of the pair are arranged
such that a straight line connecting the individual projections 115 coincides with a
direction in which the tab 12 extends. This may be advantageous from a point of view of
manufacturing the male mold half through injection-molding. Also, in the embodiment
shown both the projections 115 as well as the tab 12 indicate the direction of the major
axis of the toric convex lens-forming surface 100 (although this is only by way of

example).
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[0057] A female mold half 2 is schematically shown in Fig. 12 — Fig. 14. As is
conventional, female mold half 2 comprises a concave lens-forming surface 200, so that
after mating male mold half 1 and female mold half 2 to form a closed lens mold 3, a
cavity 201 is formed between the convex lens-forming surface 100 of male mold half 1
and concave lens-forming surface 200 of female mold half 2, with cavity 201 defining the
shape of the contact lens to be formed. Only by way of example, concave lens-forming
surface 200 of female mold half 2 is shaped such that the toric contact lens formed by the
closed lens mold 3 comprises features that help to rotationally stabilize the contact lens
on the astigmatic eye of a patient. For example, concave lens-forming surface 200 of
female mold half 2 may be shaped such that the toric contact lens comprises prism
ballast or slab-off portions. The embodiment of female mold half 2 further comprises an
overflow channel 202 extending annularly around cavity 201, so that any excess lens-
forming material that has been dosed into the concave lens-forming surface 200 of
female mold half prior to mating the male and female mold halves may be displaced into
overflow channel 202 when closing the mold 3. Female mold half 2 also comprises a tab
22, however, the shape of tab 22 is slightly different from that of male mold half 1 in that

the free end of tab 22 is rounded.

[0058] Fig. 5 shows a carrier 4 that may be used for providing a plurality of male
mold halves 1 of the type described above and a plurality of female mold halves 2 of the
type described above. Carrier 4 comprises two rows 40 and 41, with a number of
openings 400 and 410 as well as a number of grooves 401 and 411, being provided in the
respective one of rows 40 and 41. Row 40 is provided for accommodating the male mold

halves 1 while row 41 is provided for accommodating the female mold halves 2.

[0059] The male mold halves 1 and the female mold halves 2 are provided on carrier
4 having the same rotational orientation (the tabs 12 of the male mold halves 1 and the
tabs 22 of the female mold halves 2 extend in the same direction, in Fig. 5 they all point
horizontally to the right, see the orientation of the grooves 401 and 411). The rotational
orientation of each female mold half 2 on carrier 4 is the predetermined rotational
orientation PROF of the female mold half 2. In order for the male mold half 1 and the
female mold half 2 to be properly mated to form the closed mold 13 with the male mold
half 1 having the desired target rotational orientation TROM relative to the predetermined
rotational orientation PROF of the female mold half 2 (see Fig. 13), it is necessary to
rotate the respective male mold half 1 by a predetermined rotational angle a. As the
predetermined rotational orientation PROM at which the male mold half 1 is provided on

the carrier 4 is the same as the predetermined rotational orientation PROF of the female
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mold half 2 on the carrier 4, the male mold half 1 must be rotated by the predetermined
angle a which is the difference between the predetermined rotational orientation PROF of
the female mold half 2 and the target rotational orientation TROM of the male mold half 1
relative to the predetermined rotational orientation PROF of the female mold half 2 (see
Fig. 13).

[0060] However, if the predetermined rotational orientation PROM at which the male
mold half 1 is provided on carrier 4 is not the same as the predetermined rotational
orientation PROF at which the female mold half 2 is provided on carrier 4, then the
predetermined rotational angle by which the male mold half 1 must be rotated is different
from the angle a. For example, let us assume that the tabs 12 of the male mold halves 1
arranged on carrier 4 all point to the left, then the rotational angle is 180° + a

(counterclockwise rotation) or 180° - a (clockwise rotation).

[0061] The following discussion starts from the scenario shown in Fig. 4 in which the
predetermined rotational orientation PROM of the male mold halves 1 and the
predetermined rotational orientation PROF of the female mold halves 2 on the carrier are
the same. Rotation of the male mold half 1 from the predetermined rotational orientation
PROM by the predetermined rotational angle a to the target rotational orientation TROM

may be performed with the aid of a gripper 5.

[0062] An embodiment of a gripper 5 for performing the said rotation is shown in Fig.
6 and Fig. 7. The embodiment of gripper 5 comprises a connector 50 arranged at its
proximal end for being connected to a vacuum supply (not shown). In addition, gripper 5
comprises a hexagonal head portion 51 (having a shape similar to that of a hexagonal
nut). Further downwards, gripper 5 comprises a cylindrical portion 52 followed by a
centering portion 53 which is embodied as a conical portion (chamfer), that tapers
towards the distal end face 54 of gripper 5. Distal end face 54 of gripper 5 extends in a
plane perpendicular to a central axis 55 of gripper 5. Distal end face 54 comprises one or
more pairs of recesses 56 being arranged therein. The individual recesses 56 of each
pair of recesses 56 are arranged angularly spaced from one another by 180° (degrees) in
a plane perpendicular to the central axis 55 of the gripper. While in the embodiment
shown in Fig. 6 and Fig. 7 only one pair of recesses 56 is provided, it is possible for the
gripper 5 to have more than one pair of recesses 56 arranged in the distal end face 54,
with the individual recesses 56 of each pair being angularly spaced form one another by

180°, as explained above.
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[0063] Although Fig. 9 shows the situation at the time at which the (already rotated)
male mold half 1 is placed on an intermediate storage carrier (shown in Fig. 8), the
situation in which the male mold half 1 is picked up from carrier 4 can be understood
when glancing at Fig. 9 and Fig. 1 - Fig. 4.

[0064] For picking male mold half 1 up from carrier 4, gripper 5 is introduced into the
cylindrical portion 112 of the rear face 11 of male mold half 1. At the time the centering
portion 53 (conical portion, chamfer) engages the cylindrical portion 112 of the rear face
11 of male mold half 1, the gripper 5 is getting centered such that the central axis 55 of
gripper 5 coincides with the central axis 113 of male mold half 1. Gripper 5 is then further
introduced until the projections 115 arranged on the annular surface 114 on the rear face
11 of male mold half 1 enter into and engage with the recesses 56 provided in the distal
end face 54 of gripper 5. Once the projections 115 are engaged with the recesses 56,
gripper 5 and male mold half 1 are rotationally locked, i.e. a rotation of the male mold half

1 relative to gripper 5 is not possible anymore.

[0065] Introduction of the gripper 5 is continued until the distal end face 54 of gripper
5 abuts against the annular surface 114 on the rear face 11 of male mold half 1 (see Fig.
9). If not already done earlier, suction is now supplied through connector 50 thus making
male mold half 1 adhere to gripper 5, and due to the centering action caused by the
engagement of centering portion 53 (conical portion, chamfer) of gripper 5 and cylindrical
portion 112 of the rear face 11 of male mold half 1, male mold half 1 adheres to gripper 5
in a centered manner, i.e. the central axis 55 of gripper 5 and the central axis 113 of male

mold half 1 coincide.

[0066] Gripper 5 is then raised along its central axis 55 (with vacuum still being
applied through connector 50), thus removing male mold half 1 from carrier 4. Thereafter,
gripper 5 is rotated about its central axis 55 from the predetermined rotational orientation
PROM by the predetermined rotational angle (here: ) so that after rotation by that
predetermined rotational angle a the male mold half 1 adhered to the gripper 5 has the

desired target rotational orientation TROM.

[0067] An intermediate storage carrier 6 shown in Fig. 8 may then be moved to a
position below the raised gripper 5 (e.g. with the aid of a linear actuator), and the gripper
5 with the male mold half 5 being adhered thereto and having the desired target rotational
orientation TROM is then lowered again. Intermediate storage carrier 6 may comprise a
plurality of sleeve supports 60 onto which the male mold halves 1 can be placed, with the

male mold halves 1 placed onto the sleeve supports having the desired target rotational
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orientation TROM. This situation when the male mold half 1 is placed onto a sleeve
support 60 by the gripper 5 is schematically shown in Fig. 8 at the outermost right end of
intermediate storage carrier 6, and is shown in Fig. 9 in an enlarged view. Upon placing
the male mold half 1 having the desired target rotational orientation TROM onto sleeve
support 60, application of suction through connector 50 at the proximal end of gripper 5 is
discontinued while suction is applied through a supply channel 61 one end of which is
connected to sleeve support 60, thus making male mold half 1 adhere to sleeve support
60.

[0068] While in Fig. 5 a carrier 4 is shown comprising eight male mold halves 1 and
eight female mold halves 2, two such carriers 4 may be provided together so that in total
sixteen male mold halves 1 and sixteen female mold halves 2 are concurrently provided.
A corresponding number of sixteen grippers 5 may then be lowered and pick up the
sixteen male mold halves 1 from the two carriers 4 as described, may subsequently be
raised and rotate the sixteen male mold halves picked up from the predetermined
rotational orientation PROM to the target rotational orientation TROM, and may thereafter
place the sixteen male mold halves 1 having the target rotational orientation TROM onto
the sixteen sleeve supports 6 provided by the intermediate storage carrier 6. The
intermediate storage carrier 6 with sixteen male mold halves 1 arranged on the sleeve
supports 6 is shown in Fig. 8.

[0069] To form contact lenses, the sixteen male mold halves 1 provided on the
sleeve supports 60 of intermediate storage carrier 6 and having the desired target
rotational orientation TROM must now be mated with the sixteen female mold halves 2
after a predetermined amount of lens-forming material has been dispensed (dosed) into
each of the female mold halves 2. In the following, an embodiment is described how the
male mold halves 1 provided on the sleeve supports 60 of the intermediate storage
carrier 6 can be mated with the female mold halves 2 still arranged on the carrier 4. This
is described for one male mold half 1 and one female mold half 2 only, but may be
concurrently performed for all sixteen male mold halves 1 and female mold halves 2. Of
course, when mating the male mold half 1 with the female mold half 2 the predetermined
rotational orientation PROF of the female mold half 2 and the target rotational orientation
TROM of the male mold half 1 relative to the predetermined rotational orientation PROF
of female mold half must be maintained.

[0070] The male mold half 1 provided at the target rotational orientation TROM on
the sleeve support 60 may be picked up with a capping stamp 7 shown in Fig. 10 and

Fig. 11. Capping stamp 7 comprises a connector 70 to which suction can be applied.
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Connector 70 is provided in a flat portion of an otherwise cylindrical portion. Further
downwards, capping stamp 7 comprises a cylindrical portion 72 followed by a centering
portion 73 which is embodied as a conical portion (chamfer) that tapers towards a distal
end face 74 of capping stamp 7. Distal end face 74 of capping stamp 7 extends in a plane
perpendicular to a central axis 75 of capping stamp 7. Distal end face 74 comprises a
plurality of pairs of recesses 76 being arranged therein. The individual recesses 76 of
each pair of recesses 76 are arranged angularly spaced from one another by 180°
(degrees) in a plane perpendicular to the central axis 75 of capping stamp 7. In the
embodiment shown, eighteen such pairs of recesses 76 are arranged in circumferential
direction, so that in total thirty-six recesses 76 are arranged in circumferential direction

with adjacently arranged recesses 76 being angularly spaced by an angle of 10°.

[0071] Although Fig. 14 shows the situation at the time at which the male mold half 1
has already been mated with the female mold half 2, the situation in which the male mold
half 1 is picked up from the sleeve support 60 of intermediate storage carrier 6 can be
understood when glancing at Fig. 14 and Fig. 1 — Fig. 4.

[0072] For picking male mold half 1 up from the sleeve support 60 of intermediate
storage carrier 6 using capping stamp 7, capping stamp 7 is introduced into the cylindrical
portion 112 of the rear face 11 of male mold half 1. At the time the centering portion 73
(conical portion, chamfer) engages the cylindrical portion 112 of the rear face 11 of male
mold half 1, the capping stamp 7 is getting centered such that the central axis 75 of
capping stamp 7 coincides with the central axis 113 of male mold half 1. Capping stamp 7
is then further introduced until the projections 115 arranged on the annular surface 114
on the rear face 11 of male mold half 1 enter into and engage with one pair of the
recesses 76 provided in the distal end face 74 of capping stamp 7. Once the projections
115 are engaged with the recesses 76 (see Fig. 15 showing detail XV of Fig. 14), capping
stamp 7 and male mold half 1 are rotationally locked, i.e. a rotation of the male mold half

1 relative to capping stamp 7 is not possible anymore.

[0073] Introduction of the capping stamp 7 is continued until the distal end face 74 of
capping stamp 7 abuts against the annular surface 114 on the rear face 11 of male mold
half 1 (see Fig. 14). If not already done earlier, suction is now supplied through connector
70 thus making male mold half 1 adhere to capping stamp 7, and due to the centering
action caused by the engagement of centering portion 73 (conical portion, chamfer) of
capping stamp 7 and cylindrical portion 112 of the rear face 11 of male mold half 1, male
mold half 1 adheres to capping stamp 7 in a centered manner, i.e. the central axis 75 of

capping stamp 7 and the central axis 113 of male mold half 1 coincide.
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[0074] Capping stamp 7 then raised along its central axis 75 (with vacuum still being
applied through connector 70), thus removing male mold half 1 from the intermediate
storage carrier 6. Capping stamp 7 with male mold half 1 adhered thereto is then moved
above the female mold half 2 arranged on carrier 4, with the lens-forming material having
been dispensed into the female mold half 2. The target rotational orientation TROM of the
male mold half 1 relative to the predetermined rotational orientation PROF of female mold
half 2 is strictly maintained. A rigid support (now shown) may be arranged beneath carrier
4 to support female mold half 2 to counteract the force during mating the male mold half 1

with the female mold half 2 using capping stamp 7.

[0075] Capping stamp 7 with male mold half 1 adhered thereto is then lowered and
presses the male mold half 1 into the female mold half 2, thereby displacing any excess
lens-forming material into an annular overflow channel 202 surrounding the cavity 201
formed between the lens-forming surface 100 of male mold half 1 and lens-forming
surface 200 of female mold half 2, see Fig. 14. Supply of suction through connector 70 of
capping stamp 7 is discontinued during pressing the male mold half 1 into the female
mold half 2. Since male mold half 1 and female mold half 2 are embodied in a self-
centering manner, mating the male mold half 1 and the female mold half 2 to form a
closed mold 3 results in male mold half 1 and female mold half 2 being perfectly centered
relative to one another. Also, the desired target rotational orientation TROM of male mold
half 1 relative to the predetermined rotational orientation PROF of female mold half 2 is
perfectly met, see Fig. 12 and Fig. 13. Capping stamp 7 is then raised leaving the mold 3
in the closed state, so that the closed mold 3 can then be forwarded to the curing station
where the lens-forming material is cured to form the toric contact lens. The major and
minor axes of the thus formed toric contact lens are perfectly arranged at the desired
rotational angle, so that the toric contact lens formed with the lens mold 3 can be
stabilized on the eye of the patient exactly at the desired rotational orientation to perfectly

correct the astigmatism.

[0076] As has been mentioned, the picking up of the male mold half 1 from the
intermediate storage carrier 6 and mating with the female mold half 2 has been described
for a single male mold half 1 and female mold half 2 only. However, it is evident that in
case sixteen (or any other number) of male mold halves 1 are provided on the support
sleeves 60 of intermediate storage carrier 6, these can be concurrently picked up by a
corresponding number of capping stamps 7 and can be mated with a corresponding
number of female mold halves 2 in order to improve the efficiency of the manufacturing

process.
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[0077] Embodiments of the invention have been described with the aid of the
drawings. However, the invention is not limited to the embodiments described, but rather
many changes and modifications are conceivable without departing from the teaching of
the instant invention. Therefore, the scope of protections is defined by the appended
claims.
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Claims

1. A method of providing a male mold half (1) for molding a toric ophthalmic lens at a
predetermined target rotational orientation (TROM), the male mold half comprising a front
face (10) having a toric convex lens-forming surface (100) and a rear face (11) opposite
to the front face (10), the method comprising the steps of:

- providing the male mold half (1) at a predetermined rotational orientation
(PROM),

- picking the male mold half (1) up with a gripper (5) having a central axis (55),

- rotating the gripper (5) with the male mold half (1) about the central axis (55) of
the gripper (5) by a predetermined rotational angle (a) towards the predetermined target
rotational orientation (TROM), the predetermined rotational angle (a) being the angular
difference between the predetermined rotational orientation (PROM) and the
predetermined target rotational orientation (TROM), and

- releasing the rotated male mold half (1) from the gripper (5),
wherein

- prior to picking the male mold half (1) up, centering the gripper (5) and the male
mold half (1) relative to each other such that the central axis (55) of the gripper and a
central axis (113) of the male mold (1) half coincide,

- picking the male mold half (1) having the target rotational orientation (TROM) up
with a capping stamp (7) having a central axis (75), and placing the male mold half (1) on
the female mold half (2) to mate the male and female mold halves (1, 2) while keeping the
target rotational orientation (TROM) of the male mold half (1) relative to the
predetermined rotational orientation (PROF) of the female mold half (2) to form the closed
lens mold (3), and

- prior to picking the male mold half (1) up, centering the capping stamp (7) and
the male mold half (1) relative to each other such that the central axis (75) of the capping

stamp (7) and a central axis (113) of the male mold half (1) coincide.

2. A method according to claim 1, wherein the centering surface portion (53) of the
gripper (5) is a conical portion, in the form of a chamfer, tapering towards a distal end

face (54) of the gripper (5).
3. A method according to claim 2, wherein the rear face (11) of the male mold half (1)

includes a cylindrical portion extending in a direction coaxial with the central axis (113) of

the male mold half (1) and forming the centering surface portion (112) thereof, and
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wherein the method further comprises introducing the gripper (5) into the cylindrical
portion (112) on the rear face (11) of the male mold half (1) until the conical portion of the
gripper (5) engages the cylindrical portion on the rear face (11) of the male mold half (1)
thereby causing centration of the gripper (5) and the male mold half (1) relative to each

other.

4. A method according to claim 3, wherein the rear face (11) of the male mold half (1)
further comprises an annular surface (114) adjoining the cylindrical portion at a distal end
of the cylindrical portion, the annular surface (114) extending radially inwardly in a plane
perpendicular to the central axis (113) of the male mold half (1) and having at least one
pair of projections (115) arranged thereon, the projections (115) of each pair of the at
least one pair of projections (115) being arranged angularly spaced from one another by
180 degrees in the plane perpendicular to the central axis (113) of the male mold half
(1),wherein the distal end face (54) of the gripper (5) extends in a plane perpendicular to
the central axis (55) of the gripper (5), the distal end face (54) of the gripper (5)
comprising at least one pair of recesses (56) arranged therein, the recesses (56) of each
pair of the at least one pair of recesses (56) being arranged angularly spaced from one
another by 180 degrees in the plane perpendicular to the central axis (55) of the gripper
(5),

and wherein the method further comprises introducing the gripper (5) into the cylindrical
portion of the rear face (11) of the male mold half (1) until the recesses (56) of the at least
one pair of recesses (56) arranged in the distal end face (54) of the gripper (5) engage
with the projections (115) of the at least one pair of projections (115) arranged on the
annular surface (114) of the rear face (11) of the male mold (1) half to rotationally lock the

male mold half (1) and the gripper (5).

5. A method of mating a male mold (1) half having a toric convex lens-forming surface
(100) with a female mold (2) half having a non-rotationally symmetric concave lens-
forming surface (200), to form a closed lens mold (3) for molding a toric ophthalmic lens,
the method comprising:

- providing the female mold half (2) at a predetermined rotational orientation
(PROF), and providing the male mold half (1) at a target rotational orientation (TROM)
relative to the predetermined rotational orientation (PROF) of the female mold half (2)
using the method of claim 1,

- picking the male mold half (1) having the target rotational orientation (TROM) up
with a capping stamp (7) having a central axis (75), and placing the male mold half (1) on

the female mold half (2) to mate the male and female mold halves (1, 2) while keeping the
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target rotational orientation (TROM) of the male mold half (1) relative to the
predetermined rotational orientation (PROF) of the female mold half (2) to form the closed
lens mold (3),
wherein the method further comprises

- prior to picking the male mold half (1) up, centering the capping stamp (7) and the
male mold half (1) relative to each other such that the central axis (75) of the capping

stamp (7) and a central axis (113) of the male mold half (1) coincide.

6. A method according to claim 5, wherein centering the capping stamp (7) and the
male mold half (1) relative to each other is performed by engaging a centering surface
portion (73) of the capping stamp (7) with a centering surface portion (112) provided on
the male mold half (1).

7. A method according to claim 6, wherein the centering surface portion (73) of the
capping stamp (7) is a conical portion, for example a chamfer, tapering towards a distal

end face (74) of the capping stamp (7).

8. A method according to claim 7, wherein the rear face (11) of the male mold half (1)
includes a cylindrical portion extending in a direction coaxial with the central axis (113) of
the male mold half (1) and forming the centering surface portion (112) thereof, and
wherein the method further comprises introducing the capping stamp (7) into the
cylindrical portion on the rear face (11) of the male mold half (1) until the conical portion
at the distal end of the capping stamp (7) engages the cylindrical portion on the rear face
(11) of the male mold half thereby causing centration of the capping stamp (7) and the

male mold half (1) relative to each other.

9. A method according to claim 8, wherein the rear face (11) of the male mold half (1)
further comprises an annular surface (114) adjoining the cylindrical portion at a distal end
of the cylindrical portion, the annular surface (114) extending radially inwardly in a plane
perpendicular to the central axis (113) of the male mold half (1) and having at least one
pair of projections (115) arranged thereon, the projections (115) of each pair of the at
least one pair of projections (115) being angularly spaced from one another by 180
degrees in the plane perpendicular to the central axis (113) of the male mold half (1),
wherein the distal end face (74) of the capping stamp (7) comprises at least one pair of
recesses (76) arranged therein, the recesses (76) of each pair of the at least one pair of
recesses (76) being spaced from one another by 180 degrees in the plane perpendicular
to the central axis (75) of the capping stamp (7),

-23-



and wherein the method further comprises introducing the capping stamp (7) into the
cylindrical portion of the rear face (11) of the male mold half (1) until the recesses (76) of
the at least one pair of recesses (76) arranged in the distal end face (74) of the capping
stamp (7) engage with the projections (115) of the at least one pair of projections (115)
arranged on the annular surface (114) of the rear face (11) of the male mold half (1) to

rotationally lock the male mold half (1) and the capping stamp (7).
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