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Method for automated in-line determination of center thickness of an ophthalmic lens

The present invention relates to a method for an automated in-line determination

of the center thickness of an ophthalmic lens.

The manufacturing of ophthalmic lenses, in particular of single wear soft contact
lenses which are used only once and which are disposed of after use, may be
performed in a fully automated manufacturing line with the aid of reusable molds. In
order to ensure top quality of the so manufactured contact lenses, the contact lenses
are optically inspected in-line in an inspection module of the fully automated
manufacturing line for the presence of bubbles, edge defects, flaws or inclusions, etc.,
which would render the contact lenses unacceptable.

During set-up of the manufacturing line, for example before starting a new
production lot, new molds are installed on them manufacturing line. Prior to starting
"actual" production of contact lenses which are distributed to customers, a
predetermined number of "dummy" contact lenses are produced with each of the newly
installed molds in order to verify that the newly installed molds are properly arranged so
that contact lenses are produced which have the desired specifications. The "dummy"
contact lenses are inspected offline to make sure that the contact lenses manufactured
with the newly installed molds have the desired specifications including center thickness
of the contact lenses. Offline determination of the center thickness of the "dummy"
contact lenses may be performed, for example, with the aid of an interferometer. After
inspection, the "dummy" lenses are disposed of. Due to the large number of individual
molds being present in the manufacturing line, several hundred of "dummy" contact
lenses up to a few thousand of "dummy" contact lenses end up as waste even if they
fulfill the desired specifications. More importantly, however, the time needed for
producing and inspecting the predetermined number of "dummy" lenses prior to starting
"actual" production of contact lenses which are distributed to customers may be up to a
few hours during which no contact lenses are produced in the manufacturing line that
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are later on distributed to customers. It goes without saying that this negatively affects
the efficiency of the manufacturing line. In addition, for maintaining top quality of the
lenses distributed to the customers during "actual" production it is necessary to take
samples of lenses out of the "actual" production process at predetermined time intervals
in order to make sure that the lenses manufactured during "actual" production have
desired specifications.

Therefore, it is an object of the invention to overcome the afore-mentioned
disadvantages of the prior art and to suggest a method that greatly increases the
efficiency of the manufacturing line during set-up, such as for example before starting a

new production lot.

According to one aspect of the present invention, there is provided a method for
an automated in-line determination of the center thickness of an ophthalmic lens in an
automated manufacturing line for ophthalmic lenses. The method comprises the steps
of:

- providing an inspection cuvette comprising an optically transparent bottom having a
concave inner surface and containing the ophthalmic lens immersed in a liquid, and
positioning the inspection cuvette at a first inspection location of an inspection module
of the automated manufacturing line;

- providing an interferometer comprising a light source and a focusing probe, the
focusing probe focusing light coming from the light source to a set position of the
ophthalmic lens at the center of the concave inner surface of the optically transparent
bottom of the inspection cuvette, and the focusing probe further directing light reflected
at the boundary between the back surface of the ophthalmic lens and the liquid on the
one hand as well as light reflected at the boundary between the front surface of the
ophthalmic lens and the liquid or light reflected at the boundary between the front
surface of the ophthalmic lens and the concave inner surface of the optically transparent
bottom of the inspection cuvette on the other hand to a detector of the interferometer;
and
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- determining the center thickness of the ophthalmic lens from the signals generated at
the detector by the light reflected at the respective boundary at the back surface and at
the front surface of the ophthalmic lens.

Interferometric determination of the center thickness of the ophthalmic lens is
performed in-line in the automatic manufacturing line while the ophthalmic lens is in the
inspection cuvette. As mentioned earlier, the ophthalmic lens may in particular be a soft
contact lens, and may especially be a soft contact lens made of or comprising a silicon
hydrogel material without being limited thereto. The ophthalmic lens contained in the
cuvette is the final lens intended for distribution to the customer. That is to say, the lens
has passed all manufacturing steps including any extraction, hydration, coating and/or
other additional manufacturing and/or treatment steps which may form part of the lens
manufacturing process. Thus, there are no further manufacturing and/or treatment steps
following the in-line inspection of the lens, so that the specifications of the inspected
lens cannot be affected by any manufacturing and/or treatment steps since no such
steps are performed after in-line inspection of the lens.

In-line inspection of the ophthalmic lenses in the manufacturing line highly
increases the efficiency of the manufacturing line, since generally it is no longer
necessary to produce any "dummy" lenses at all. Rather, the lenses previously
produced as "dummy" contact lenses may be forwarded for packaging and distribution
in case the result of the in-line inspection of the lenses in the manufacturing line is that
the lenses fulfill the desired specifications. Thus, hours of time can be saved which were
previously necessary to produce and offline inspect the "dummy" lenses. Also, the top
quality standard of such a process is maintained or even improved, since the center
thickness of each manufactured final lens is individually determined in-line.

The optically transparent bottom of the inspection cuvette has a concave inner
surface. After the lens is inserted into the liquid contained in the inspection cuvette, for
example with the aid of a gripper, it floats downwardly in the liquid with the front surface
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of the lens facing towards the concave bottom. As soon as the lens has settled down, it
is positioned with its convex front surface at the center of the concave inner surface
which forms the lowermost location of the concave inner surface of the bottom of the
inspection cuvette. In this respect, it is to be noted that it is of no relevance whether or
not the lens is inverted (i.e. turned inside out), since the center thickness of the lens
remains the same. An inspection cuvette suitable for use in the method according to the
invention is described, for example, in WO 2007/017138. The inspection cuvette can be
tilted from a handling position, in which the lens can be inserted into and removed from
the cuvette, to an inspection position, in which inspection of the lens may be performed,
and vice versa.

Interferometers are well-known in the art. The interferometer used in the method
according to the instant invention comprises a light source emitting light of low
coherence, and a focusing probe which focuses light coming from the light source to a
set position of the lens at the center of the concave inner surface of the optically
transparent bottom of the inspection cuvette. The focusing probe further directs light
reflected at the boundary between the back surface of the lens and the liquid to a
detector of the interferometer. The reflected light is directed to interfere with reference
light at the detector, and the resulting interference pattern is used for the determination
of the center thickness of the ophthalmic lens. Determination of the thicknesses of small
objects using interferometers is well-known in the art and is therefore not described in
more detail. Interferometers suitable for use in the method according to the invention
are commercially available. For example, an interferometer available under the name

"OptiGauge" from the company Lumetrics, Rochester, N.Y., USA, may be used.

According to one aspect of the method according to the invention, the step of
determining the center thickness of the ophthalmic lens comprises:
- in case the ophthalmic lens rests on the concave inner surface of the optically
transparent bottom of the inspection cuvette, selecting the signal generated by the light
reflected at the boundary between the front surface of the ophthalmic lens and the
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concave inner surface of the optically transparent bottom of the inspection cuvette as
well as the signal generated by the light reflected at the boundary between the back
surface of the ophthalmic lens and the liquid;

- in case the ophthalmic lens is floating at a distance above the concave inner surface of
the optically transparent bottom of the inspection cuvette, selecting the signal generated
by the light reflected at the boundary between the front surface of the ophthalmic lens
and the liquid as well as the signal generated by the light reflected at the boundary
between the back surface of the ophthalmic lens and the liquid.

As already mentioned above, "selecting the signal generated by the light
reflected at the boundary" stands for selecting a signal which is the result of interference
at the detector of the light reflected at the respective boundary with a reference light. In
the first measurement scenario mentioned above, the ophthalmic lens rests on the
concave inner surface of the bottom of the inspection cuvette. In this scenario light is
reflected at the boundary between the front surface of the ophthalmic lens and the
concave inner surface of the bottom of the inspection cuvette, since the lens rests on
the surface and there is no liquid between the front surface of the lens and the concave
inner surface at the location where the lens rests on the concave inner surface.
Consequently, there is no boundary between the front surface of the lens and the liquid
at the location where the lens rests on the surface (which corresponds to the center of
the lens). In the second measurement scenario mentioned above, the ophthalmic lens is
floating at a short distance above the concave inner surface of the bottom of the
inspection cuvette, that is to say the lens does not rest on the concave inner surface. In
this measurement scenario, there is a boundary between the front surface of the lens
and the liquid and, accordingly, light is reflected at the boundary between front surface
of the lens and the liquid resulting in a corresponding signal being present at the
detector. Therefore, while in a fully automated manufacturing line both scenarios may
occur it is advantageous that the method according to the invention is generally capable
of handling both scenarios. In both scenarios there is a boundary between the back
surface of the lens and the liquid, so that a corresponding signal is present at the
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detector. This signal is used in both scenarios for determining the center thickness of
the lens. A preferred manner of how the two scenarios can be dealt with will be
explained in the following.

According to another aspect of the method according to the invention, the step of
determining the center thickness of the ophthalmic lens comprises
- counting a number of signals generated by the light reflected at the respective
boundary, and
- for a counted number of two signals, selecting the two signals for determining the
center thickness of the ophthalmic lens,
- for a counted number of three signals, ignoring the signal corresponding to the light
reflected at the boundary between the concave inner surface of the optically transparent
bottom of the inspection cuvette and the liquid, and selecting the remaining two signals
for determining the center thickness of the ophthalmic lens.

This is one particular way how the afore-mentioned two scenarios can be
handled. Regardless of whether the lens rests on the concave inner surface of the
inspection cuvette or is floating at a distance above the inner concave surface, the
counted number of signals is indicative of the respective scenario. In the scenario where
the ophthalmic lens rests on the concave inner surface of the bottom of the inspection
cuvette, only two signals will be present (there is no boundary between the inner
concave surface of the bottom of the cuvette and the liquid and no boundary between
the front surface of the lens and the liquid, since the lens rests on the inner concave
surface). The center thickness of the ophthalmic lens is then determined from the two
signals generated by the light reflected from the boundary between the front surface of
the lens and the inner concave surface of the inspection cuvette on one hand, and by
the light reflected at the boundary between the back surface of the lens and the liquid.
In the scenario where the ophthalmic lens is floating at a short distance above the
concave inner surface of the bottom of the inspection cuvette, a signal is generated by
light reflected at the boundary between the concave inner surface of the bottom of the
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inspection cuvette and the liquid (the lens does not rest on the inner concave surface).
In this scenario, this signal is irrelevant for determining the center thickness of the
ophthalmic lens and is ignored. The remaining two signals generated by the light
reflected at the boundary between the front surface of the lens and the liquid and at the
boundary between the back surface of the lens and the liquid are selected for
determining the center thickness of the lens.

According to a further aspect of the method according to the invention, the
method further comprises the steps of
- comparing the determined center thickness of the ophthalmic lens with a
predetermined set value for the center thickness, and
- identifying the ophthalmic lens as having an unacceptable center thickness if the
determined center thickness is outside a predetermined range of tolerance around the
predetermined set value for the center thickness, or
- identifying the ophthalmic lens as having an acceptable center thickness if the
determined center thickness is within the predetermined range of tolerance around the
predetermined set value for the center thickness, and
- removing the ophthalmic lens from the manufacturing line in case the ophthalmic lens
has been identified as having an unacceptable center thickness, but further processing
the ophthalmic lens in the manufacturing line in case the ophthalmic lens has been
identified as having an acceptable center thickness.

Once a lens has been identified as having an unacceptable center thickness
such lens cannot meet the quality standards and is removed from the manufacturing
line. On the other hand all those lenses identified as having an acceptable center
thickness are allowed to be further processed in the manufacturing line. However, this
does not automatically mean that these lenses are distributed. Although they may
remain in the manufacturing line they may include bubbles, edge defects, inclusions or
other defects and may during further inspection be identified as being defective so that
they are later on removed from the manufacturing line.
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The range of tolerance may be chosen symmetrically around the predetermined
set value for the center thickness. However, the range of tolerance may also be non-
symmetrical around the set value for the center thickness for various reasons. For
example, lenses having too low a center thickness may turn out to be fragile, while
especially for lenses having negative diopters too high a center thickness would lead to
too thick a lens edge that reduces the wearing comfort of the lens.

An ophthalmic lens identified as having an unacceptable lens thickness may not
be removed from the manufacturing line immediately after the inspection cuvette is
moved away from the first inspection location. It may also be stored as having an
unacceptable central thickness in a central control unit, so that it can be removed from
the manufacturing line at a later stage, however, in any event before being placed in a
package.

According to another aspect of the method according to the invention, the
method comprises the steps of:
- providing a plurality of inspection cuvettes each inspection cuvette comprising an
optically transparent bottom having a concave inner surface and containing an
ophthalmic lens immersed in a liquid and positioning the plurality of inspection cuvettes
at the first inspection location of the inspection module;
- providing a plurality of focusing probes corresponding to the plurality of inspection
cuvettes, each of the focusing probes focusing light to a set position of the ophthalmic
lens at the center of the concave inner surface of the optically transparent bottom of a
corresponding inspection cuvette, and each of the focusing probes directing light
reflected at the respective boundary at the back surface and at the front surface of the
respective ophthalmic lens to the receiving unit of the interferometer; and
- determining the center thickness of each of the ophthalmic lenses.
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The advantages of the method as such are the same as already described above
and will not be described again. In addition, in an automated manufacturing process it is
advantageous to perform the method for a plurality of lenses together to enhance the
efficiency (throughput) of the manufacturing line. In particular for a cyclic process, it is
thus possible to inspect a plurality of lenses within one cycle of the process.

From a practical point of view, a number of focusing probes is assigned to a
corresponding number of inspection cuvettes for performing interferometric
measurements on a plurality of lenses. Each inspection cuvette of the plurality of
inspection cuvettes contains a lens immersed in the liquid. The plurality of inspection
cuvettes is preferably arranged and held in a common inspection cuvette holder. The
plurality of focusing probes is fixedly arranged at the first inspection location, and the
plurality of cuvettes is moved into the first inspection location. Only one interferometer
including light source, detector, processing unit etc. is required for the plurality of
interferometer probes and inspection cuvettes, as will be explained in more detail below.

This is advantageous since an interferometer is an expensive component.

In one aspect of the method according to the invention, focusing light to a set
position of the ophthalmic lens is performed sequentially for the plurality of inspection
cuvettes. This is performed by directing light from the light source of the interferometer
via a first focusing probe of the plurality of focusing probes to the set position of the
ophthalmic lens in a first inspection cuvette of the plurality of inspection cuvettes.
Subsequently light is directed from the light source of the interferometer via a second
focusing probe to the set position of the ophthalmic lens in a second inspection cuvette
and so on, until light from the light source of the interferometer is directed via a last
focusing probe of the plurality of focusing probes to the set position of the ophthalmic
lens in a last inspection cuvette of the plurality of inspection cuvettes.

By sequentially directing light onto the set position of the ophthalmic lens at a
concave inner surface of the bottom of the inspection cuvette, interferometric
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determination of the thickness of each of the plurality of ophthalmic lenses may be
performed very quickly one after another using only one single interferometer. In case of
a cyclic process, it is preferred that all determinations be performed within one process
cycle.

In a further aspect of the method according to the invention the step of
sequentially focusing light to a set position of the ophthalmic lens for the plurality of
inspection cuvettes comprises
- providing a plurality of deflectors corresponding to the plurality of focusing probes, the
individual deflectors of the plurality of deflectors each being capable of being switched
between an active state, in which the respective deflector directs light coming from the
light source of the interferometer to the corresponding focusing probe and in which the
respective deflector directs light reflected at the respective boundary surface to the
detector of the interferometer, and a passive state, in which the respective deflector
allows the light coming from the light source to pass to the next deflector which is in the
active state and which is arranged in an optical path of the light, and
- sequentially switching a first deflector of the plurality of deflectors from the active state
to the passive state after determining the center thickness of the ophthalmic lens
contained in the first inspection cuvette, switching a second deflector of the plurality of
deflectors from the active state to the passive state after determining the center
thickness of the ophthalmic lens contained in the second inspection cuvette, and so on,
until switching a second last deflector of the plurality of deflectors from the active state
to the passive state after determining of the center thickness of the ophthalmic lens
contained in the second last cuvette, and then determining the center thickness of the
ophthalmic lens contained in the last inspection cuvette with the last deflector being in
the active state.

In this variant, light from the light source of the interferometer is sequentially

directed by the individual deflectors to the respective focusing probes, and light
reflected at the respective boundary is directed to the detector of the interferometer as

10
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long as the deflector is in the active state. After being switched from the active to the
passive state upon completion of the determination of the center thickness of the lens
contained in the respective inspection cuvette, the center thickness of the lens
contained in the "next inspection cuvette in the queue" is determined in the same
manner with the respective deflector being in the active state, until the center thickness
of the lens contained in the last inspection cuvette in the queue has been determined. It
goes without saying, that it is also possible to start determination of the lens thickness
for the lens contained in the "last inspection cuvette in the queue" with all preceding
deflectors being deactivated, i.e. in the passive state, and with only the last deflector
being in the active state, and then proceeding switching the second last deflector to the
active state, etc., until the deflector of the first inspection cuvette in the queue has been
switched to the active state and the center thickness of the first lens has been
determined.

The deflectors may be embodied as small mirrors which can be rapidly switched
mechanically from an active state to a passive state, or may alternatively be mirrors the
transparency of which can be electronically activated or deactivated. For example, in
case of mirrors which can be mechanically switched the mirrors can be tilted about an
axis to be either in the active state or in the passive state. In case of electronically
switchable mirrors, the transparency of the respective mirrors can be switched with the

aid of a control voltage or a control current, as this is conventional in the art.

Switching can be performed with the aid of a commercially available multi-switch,
such as for example the multi-switch LightBend™ Fiberoptic Switch manufactured by
Agiltron, Inc., Woburn, MA 01801, United States of America, and available as Type
LBMN183111300. This switching can be performed at a location remote from the
location of the cuvettes and the light can be transported via optical fibers to the
respective focusing probes. This is advantageous since it may be desirable to place the
interferometer and other sensitive equipment at a location remote from the

manufacturing line.

11
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According to a further aspect of the method according to the invention, the
method further comprises the steps of:

- after determination of the center thickness of the ophthalmic lens contained in
the inspection cuvette or after determination of the ophthalmic lenses contained in the
plurality of inspection cuvettes, moving the inspection cuvette containing the ophthalmic
lens or the plurality of inspection cuvettes containing the ophthalmic lenses from the first
inspection location to a second inspection location, and

- at the second inspection location performing an in-line optical inspection of the
ophthalmic lens contained in the inspection cuvette or of the ophthalmic lenses
contained in the plurality of inspection cuvettes for the presence of other deficiencies.
These other deficiencies may for example be edge defects, flaws, bubbles or inclusions,
without this list being exhaustive. Such inspection may be performed in a conventional
manner, for example with the aid of a CCD camera, so that this is not further described
in detail here.

In accordance with a further aspect of the method according to the invention, the
method further comprises the step of separately adjusting each focusing probe of the
plurality of focusing probes so as to focus light coming from the light source of the
interferometer to the corresponding set position of the concave inner surface of the
optically transparent bottom of the respective inspection cuvette of the plurality of
inspection cuvettes. This allows to fixedly install the focusing probes at the first
inspection location and to individually adjust them to achieve optimum determination of
the center thickness. This must be done only once at the set-up of the manufacturing
line, since the inspection cuvettes always arrive at the first inspection location at the
same position relative to the fixedly installed focusing probes, so that once the focusing
probes are individually adjusted for optimum center thickness determination no
readjustment is need. This is all the more the case since the adjustment of the focus of
the respective focusing probe is not that critical.

12
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A separate adjustment of each of the focusing probes allows a very precise and
individual adjustment of a focusing probe relative to the inspection cuvette, for example
in an inspection cuvette holder. Thereby, the focusing onto the set position of the
ophthalmic lens at the center of the concave inner surface of the optically transparent
bottom of each inspection cuvette is defined and adjusted very precisely. For an
individual adjustment preferably the focusing probe is moved relative to the inspection

cuvette and on a common translation axis.

According to a further aspect of the method according to the invention, the
method is performed in an automated manufacturing line for manufacturing soft contact
lenses.

Especially the manufacturing of soft contact lenses is a highly automated
process. Therefore, performing the method according to the invention in the process of
manufacturing soft contact lenses, the advantages as already described above are
especially effective: The automatization is further supported by additionally improving
the quality regime for the produced contact lenses. In addition, manufacturing time and
stand-by time of the manufacturing line is saved.

According to another aspect of the present invention, there is provided an
automated manufacturing line for manufacturing ophthalmic lenses, for example soft
contact lenses. The manufacturing line comprises a production module for
manufacturing ophthalmic lenses and an inspection module for inspecting the
manufactured ophthalmic lenses. The inspection module is provided with a plurality of
focusing probes being arranged at a first inspection location and being capable of being
optically connected to an interferometer, for inspection of ophthalmic lenses being
contained in a plurality of inspection cuvettes corresponding to the plurality of focusing
probes. Each inspection cuvette comprises an optically transparent bottom having a
concave inner surface and contains the ophthalmic lens immersed in a liquid. In
operation the inspection module performs the method according to the invention.

13
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The advantages of the automated manufacturing line have been described above

with reference to the method according to the present invention and will therefore not be

described again.

In the following embodiments of the method according to the invention are

described in more detail with reference to the accompanying drawings, wherein

Fig.1

Fig. 2

Fig. 3

Figs. 4-6

Fig. 7

shows a perspective top view of an inspection module of a
manufacturing line for ophthalmic lenses including a plurality of

inspection cuvettes;

shows a side view of a plurality of focusing probes and a plurality of

inspection cuvettes;

shows a cross section of a measurement setup with a focusing probe

and an inspection cuvette;

are illustrations of different measurement situations, namely a cuvette
bottom only (Fig. 4), an ophthalmic lens floating above the concave
inner surface of the cuvette bottom (Fig. 5), and an ophthalmic lens in
contact with the concave inner surface of the cuvette bottom (Fig. 6);
and

is an illustration of a multi-switch directing the light from the
interferometer to the individual focusing probes.

In Fig. 1 an inspection module 1 (which may for example be part of an automated

manufacturing line for ophthalmic lenses, preferably soft contact lenses) is shown. A

rack 10 has a linear conveyor 11 arranged thereon for moving a plurality of inspection

cuvettes 2 mounted to a carrier 13 along the rack 10. In Fig. 1, the inspection cuvettes 2

mounted to carrier 13 are arranged at a first inspection location 800. Interferometric

14
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measurement takes place at this first inspection location 800. Parts of the
interferometric measurement equipment (not shown in Fig. 1, see Fig.2) are arranged
below the inspection cuvettes 2. The interferometer is preferably arranged at a location
remote from rack 10 in order to minimize the influence of vibrations on the
interferometric measurement. Vibrations may be generated, for example, by the
handling processes transporting the contact lenses to, along, and from inspection
module 1. Details of the interferometric measurement will be described further below.

Carrier 13 can be tilted from a horizontal position, in which the inspection
cuvettes 2 are mounted to carrier 13 in the handling position in which the soft contact
lenses may be inserted into and removed from inspection cuvettes 2, to a tilted position
in which inspection cuvettes 2 are arranged in the inspection position, and vice versa. In
the embodiment shown carrier 13 is in the tilted position and is moved along conveyor
11 in the tilted position (the cuvettes 2 are arranged in the inspection position).

After the interferometric measurement has been performed at first inspection
location 800, carrier 13 together with the plurality of inspection cuvettes 2 are moved
with the aid of conveyor 11 to a second inspection location 900. At second inspection
location 900 an optical inspection device 15, such as for example a camera, is arranged
for performing a known optical inspection of the soft contact lenses for further
deficiencies including (but not limited to) edge defects, inclusions, bubbles, fissures,
flaws or the like. After optical inspection for further deficiencies carrier 13 and the
inspection cuvettes 2 may then automatically be further transported towards a
packaging module. For removing the inspected soft contact lenses from the inspection
cuvettes 2, carrier 13 is tilted back to the horizontal position so that and inspection
cuvettes 2 are arranged in the handling position. The soft contact lenses are then
removed from the inspection cuvettes 2 with the aid of grippers. The so removed soft
contact lenses are then transferred by the grippers to a packaging module or, in case a
lens has been considered as not fulfilling the required quality standard during
inspection, the respective lens is disposed of.
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Fig. 2 shows a carrier 13 with a plurality of inspection cuvettes 2 mounted thereto
via an inspection cuvette holder 14. A plurality of focusing probes 30 is arranged below
the inspection cuvettes 2. The number of focusing probes 30 corresponds to the

number of inspection cuvettes 2.

A cross sectional view of an inspection cuvette 2 arranged above a focusing
probe 30 is shown in Fig. 3. Inspection cuvette 2 is arranged in the inspection position,
that is to say a channel 23 of the inspection cuvette 2 for introduction of a gripper to
insert and remove a lens is tilted relative to the vertical axis. For engagement with a
tilting mechanism the carrier is provided with pins 131 on each side of the carrier 13. A
bottom 21 of the inspection cuvette 2 and a viewing glass 22 of the inspection cuvette 2
forming part of an inspection channel 24 are arranged on a vertical axis. Bottom 21 of
inspection cuvette 2 is transparent and has a concave inner surface 210 to receive a
lens (not shown) with its front surface to rest on concave inner surface 210. The outer
surface 211 of transparent bottom 21 has a convex shape. Light for an interferometric
measurement is incident from below the inspection cuvette 2 and passes through the
transparent bottom 21 of the inspection cuvette 2.

Carrier 13 is arranged on a support 12 which is mounted to rack 10 (Fig.1). Also
the focusing probes 30 are mounted to rack 10 and support 12 such that a relative
position of an inspection cuvette 2 and a corresponding focusing probe 30 is defined.
The focusing probes 30 are mounted in a vertically adjustable manner, for example on a
height adjustable mount 15 provided with a drive, such that through a vertical movement
of the focusing probe 30 light may precisely be focused to a set position 310 of a lens at
the center of concave inner surface 210 of bottom 21 of inspection cuvette 2. Thus,
variations of the vertical distances between focusing probe 30 and inspection cuvette 2
can be compensated for.
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Focusing probes 30 at their lower ends 330 are provided with a coupling 33 for
an optical fiber 31. The focusing probes 30 are optically connected via these optical
fibers 31 to an interferometer, such that light from the light source of the interferometer
may be directed to focusing probes 30 and also directed back from focusing probes 30
to a receiving unit in the interferometer for performing the interferometric measurement
and the determination of the center thicknesses of the lenses contained in the
inspection cuvettes 2.

As can be seen in Fig. 3, light entering the focusing probe 30 at the lower end
330 is directed through an optical system 34 of focusing probe 30 out of the upper end
331 of focusing probe 30 and through openings 130, 140 in carrier 13 and inspection
cuvette holder 14. The light further passes through transparent bottom 21 of inspection
cuvette 2 and is focused to the set position 310 of the lens at the center of concave
bottom 21 of inspection cuvette 2.

In Fig. 4, Fig. 5 and Fig. 6 details of the interferometric measurement are
schematically illustrated for different measurement situations. Fig. 4 shows bottom 21 of
the inspection cuvette with concave inner surface 210 and convex outer surface 211. A
lens 5 inserted into the liquid (e.g. water), contained in inspection cuvette 2, floats
downwards with its front surface 50 turned downwardly (Fig. 5). The shape of concave
inner surface 210 of the bottom 21 of the inspection cuvette 2 matches to some extent
with the shape of the convex front surface 50 of lens 5 in order to provide contact
between lens 5 and bottom 21 in when the lens rests on inner surface 210 of the bottom
21 of the inspection cuvette (Fig. 6).

Light from below is directed through bottom 21 and is focused to the set position
310 of the lens at the center of the bottom of inspection cuvette 2. The light focused to
set position 310 is schematically indicated by dashed lines 320. Set position 310
essentially corresponds to a distance above the concave inner surface 210 of the
bottom of inspection cuvette 2 corresponding to half an average center thickness 55 of
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a lens when in contact with concave inner surface 210 of bottom 21 of inspection
cuvette 2 (see Fig. 6). Alternatively, set position 310 may coincide with the center of
concave inner surface 210 of the bottom 21 of the lens, or with the center of back
surface 51 of the lens.

In Fig. 4 focused light is reflected only at the boundary 200 between concave
inner surface 210 of bottom 21 of inspection cuvette 2 and the liquid contained in
inspection cuvette. This reflected focused light is directed back through the focusing
probe 30 to the receiving unit of the interferometer. The convex outer surface 211 of
bottom 21 of the inspection cuvette generally does not provide a sufficient signal due to
the outer surface 211 being arranged too far out of focus.

In Fig. 5 and Fig. 6 two measurement situations are shown that might occur
during automated inspection of the lenses in the inspection cuvettes 2. In Fig. 5 the lens
5 has not yet settled onto concave inner surface 210 of bottom 21 of the inspection
cuvette but is floating a short distance above concave inner surface 210. Therefore,
light focused to the set position 310 is reflected back from the boundary 200 between
the concave inner surface 210 of bottom 21 of the inspection cuvette and the liquid (see
also Fig. 4).

Light is also reflected back from the boundaries 500, 510 of front surface 50 and
back surface 51 of the lens 5 and the liquid. All three reflected light signals are within
the depth of focus of the focused light and are directed back through the optical system
34 of focusing probe 30 to the receiving unit of the interferometer. In the interferometer
the two reflected signals from the boundaries 500, 510 of the front surface 50 and back
surface 51 of the lens 5 are superimposed to a reference signal to form an interference
pattern which is then used to determine the center thickness 55 of the lens 5. The signal
caused by the focused light reflected from boundary 200 between concave inner
surface 210 of the bottom 21 of the inspection cuvette and the liquid is ignored. That is
to say, in the measurement situation shown in Fig. 5 three reflection signals are
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received, however, the first one - that one corresponding to light reflected at the
boundary of the concave inner surface 210 of bottom 21 of the inspection cuvette and
the liquid - is ignored since it does not contain information that is useful for the
determination of the center thickness of the lens.

As already mentioned above, the light is focused by focusing probes 30 such that
it has a depth of focus spanning a range of several millimeters, so that focused light is
also reflected at the boundaries 500,510 of the front surface 50 and back surface 51 of
the lens floating at a small distance above concave inner surface 210 of the bottom 21
of the inspection cuvette.

In Fig. 6 a measurement situation is shown, where the lens 5 rests on concave
inner surface 210 of the bottom 21 of the inspection cuvette. Focused light is reflected
from the boundary 510 between back surface 51 of the ophthalmic lens 5 and the liquid
and from the boundary 502 between concave inner surface 210 of bottom 21 of the
inspection cuvette and front surface 50 of lens 5. In the measurement situation shown in
Fig. 6, only two reflected light signals are generated which both carry information useful
for the determination of the thickness of lens 5. These two reflected light signals are
directed back to the interferometer for the determination of the center thickness of lens
5.

Fig. 7 shows a multi-switch 4 for directing light coming from the interferometer to
a plurality n of focusing probes 30 (see Fig. 2) and for directing reflected light from the
plurality n of focusing probes 30 back to the detector of the interferometer 3.
Interferometer 3 is optically connected to each of the focusing probes 30 (see Fig. 2) via
a plurality n of optical fibers 314, 315, 313, ..., 3144, 31, which are coupled to the
plurality n of focusing probes 30. Multi-switch 4 comprises a plurality n of deflectors
such as the mirrors 414, 415, 415, ...,41,4, 41, and is arranged between interferometer 3
and the plurality n of optical fibers. Mirrors 414, 415, 413, ...,41,.4, 41, of multi-switch 4
are arranged in an optical path 32 formed by the light coming from the light source in
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the interferometer 3. Light reflected at the boundaries 500, 510 between lens 5 and the
liquid contained in the inspection cuvette or light reflected at the boundary 502 between
lens 5 and concave inner surface 210 and, if applicable, also light reflected at the
boundary 200 between concave inner surface 210 and the liquid contained in the
inspection cuvette (see Fig. 4 and Fig. 5), travels back along optical path 32 towards the
detector of interferometer 3. Each one of the mirrors 414, 415, 415, ..., 41,4, 41, iS
assigned to a respective one optical fiber 314, 315, 313, ..., 314.1, 315. The mirrors may
be switched from a passive state in which they allow light coming from the light source
of interferometer 3 to pass on to the next mirror in the active state, in which the
respective mirror directs light coming from the light source of the interferometer 3 into
the respective optical fiber 314, 315, 313, ..., 3141, 315, and vice versa.

In Fig. 7, the interferometric measurements using mirrors 41, and 41, have
already been completed. The third mirror 413 of the plurality of n mirrors is in the active
state directing light from the interferometer 3 into the third optical fiber 315;. The
remaining mirrors 414, 415, 414 to 41, of the multi-switch 4 are in the passive state,
although it is also possible that only those mirrors which are arranged upstream of the
first mirror 415 that is in the active state - viewed in the direction of the light coming from
the light source of interferometer 3 (that is to say mirrors 41, and 41,) - are in the
passive state while those mirrors which are arranged downstream of first mirror 413 in
the active state (that is to say mirrors 414 t0 41,) may also be the active state. Once the
interferometric measurement has been completed with mirror 415 in the active state,
third mirror 415 is switched to the passive state (deactivated). The same interferometric
measurement is then repeated with fourth mirror 414 being in the active state, and so

on, until the interferometric measurement is performed with the last mirror 41,.

By sequentially activating and deactivating the mirrors, interferometric
measurement and determination of the center thicknesses of all ophthalmic lenses
contained in the plurality of inspection cuvettes is performed. Upon completion of all
interferometric measurements, the plurality of inspection cuvettes can be moved from
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the first inspection location 800 in the inspection module 1, for example to second
inspection location 900.

The mirrors of multi-switch 4 may be embodied as mirrors than can be pivoted
into and out of the optical path 32, however, it is also conceivable that the mirrors are
fixedly arranged in the optical path and that transparency of the mirrors is electronically
controlled (mirrors in the passive state are transparent while mirrors in the active state
are reflecting). This would eliminate the need for mechanically pivoting the mirrors.

While embodiments of the invention have been described with the aid of the
drawings, various changes, modifications, and alternatives are conceivable without
departing from the teaching underlying the invention. Therefore, the invention is not
limited to the embodiments described but rather is defined by the scope of the
appended claims.
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Claims

1. Method for an automated in-line determination of the center thickness (55) of an
ophthalmic lens (5) in an automated manufacturing line for ophthalmic lenses, the
method comprising the steps of:

- providing an inspection cuvette (2) comprising an optically transparent bottom
(21) having a concave inner surface (210) and containing the ophthalmic lens (5)
immersed in a liquid, and positioning the inspection cuvette (2) at a first inspection
location (800) of an inspection module (1) of the automated manufacturing line;

- providing an interferometer (3) comprising a light source and a focusing probe
(30), the focusing probe focusing light coming from the light source to a set
position (310) of the ophthalmic lens at the center of the concave inner surface of
the optically transparent bottom of the inspection cuvette, and the focusing probe
(30) further directing light reflected at the boundary (510) between the back
surface (51) of the ophthalmic lens and the liquid on the one hand as well as light
reflected at the boundary (500) between the front surface (50) of the ophthalmic
lens and the liquid or light reflected at the boundary (502) between the front
surface (50) of the ophthalmic lens (5) and the concave inner surface (210) of the
optically transparent bottom (21) of the inspection cuvette (2) on the other hand to
a detector of the interferometer (3);

- determining the center thickness (55) of the ophthalmic lens (5) from the signals
generated at the detector by the light reflected at the respective boundary
(510;500,502) at the back surface (51) and at the front surface (50) of the
ophthalmic lens (5).

2. Method according to claim 1, wherein the step of determining the center thickness
(55) of the ophthalmic lens (5) comprises
- in case the ophthalmic lens (5) rests on the concave inner surface (210) of the
optically transparent bottom (21) of the inspection cuvette (2), selecting the signal
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generated by the light reflected at the boundary (502) between the front surface
(50) of the ophthalmic lens and the concave inner surface (210) of the optically
transparent bottom (21) of the inspection cuvette (2) as well as the signal
generated by the light reflected at the boundary (510) between the back surface
(51) of the ophthalmic lens (5) and the liquid;

- in case the ophthalmic lens (5) is floating at a distance above the concave inner
surface (210) of the optically transparent bottom (21) of the inspection cuvette (2),
selecting the signal generated by the light reflected at the boundary (500) between
the front surface (50) of the ophthalmic lens (5) and the liquid as well as the signal
generated by the light reflected at the boundary (510) between the back surface
(51) of the ophthalmic lens (5) and the liquid.

Method according to claim 1 or claim 2, wherein the step of determining the center
thickness (55) of the ophthalmic lens (5) comprises

- counting the number of signals generated by the light reflected at the respective
boundary (510;500,502), and

- for a counted number of two signals, selecting the two signals for determining
the center thickness (55) of the ophthalmic lens (5),

- for a counted number of three signals, ignoring the signal corresponding to the
light reflected at the boundary (200) between the concave inner surface (210) of
the optically transparent bottom (21) of the inspection cuvette (2) and the liquid,
and selecting the remaining two signals for determining the center thickness (55)
of the ophthalmic lens (5).

Method according to any one of the preceding claims, further comprising the steps
of

- comparing the determined center thickness (55) of the ophthalmic lens (5) with a
predetermined set value for the center thickness and

- identifying the ophthalmic lens (5) as having an unacceptable center thickness if
the determined center thickness (55) is outside a predetermined range of tolerance
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around the predetermined set value for the center thickness, or

- identifying the ophthalmic lens (5) as having an acceptable center thickness if
the determined center thickness (55) is within the predetermined range of
tolerance around the predetermined set value for the center thickness, and

- removing the ophthalmic lens (5) from the manufacturing line in case the
ophthalmic lens has been identified as having an unacceptable center thickness
(55), but further processing the ophthalmic lens (5) in the manufacturing line in
case the ophthalmic lens (5) has been identified as having an acceptable center
thickness (55).

Method according to any one of the preceding claims, comprising the steps of:

- providing a plurality of inspection cuvettes (2), each inspection cuvette (2)
comprising an optically transparent bottom (21) having a concave inner surface
(210) and containing an ophthalmic lens (5) immersed in a liquid, and positioning
the plurality of inspection cuvettes (2) at the first inspection location (800) of the
inspection module (1);

- providing a plurality of focusing probes (30) corresponding to the plurality of
inspection cuvettes (2), each of the focusing probes (30) focusing light to a set
position (310) of the ophthalmic lens (5) at the center of the concave inner surface
of the optically transparent bottom of a corresponding inspection cuvette (2), and
each of the focusing probes (30) directing light reflected at the respective
boundary (510;500,502) at the back surface (51) and at the front surface (50) of
the respective ophthalmic lens (5) to the detector of the interferometer (3); and

- determining the center thickness (55) of each ophthalmic lens (5).

Method according to claim 5, wherein focusing light to the set position (310) of the
ophthalmic lens (5) is performed sequentially for the plurality of inspection cuvettes
(2) by directing light from the light source of the interferometer (3) via a first
focusing probe (30) of the plurality of focusing probes to the set position (310) of
the ophthalmic lens (5) contained in a first inspection cuvette (2) of the plurality of
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inspection cuvettes, subsequently directing light from the light source of the
interferometer via a second focusing probe (30) to the set position of the
ophthalmic lens (5) contained in a second inspection cuvette (2) of the plurality of
inspection cuvettes, and so on, until light from the light source of the interferometer
(1) is directed via a last focusing probe (30) of the plurality of focusing probes to
the set position (310) of the ophthalmic lens (5) contained in a last inspection
cuvette (2) of the plurality of inspection cuvettes.

Method according to claim 6, wherein sequentially focusing light to a set position
(310) of the ophthalmic lens (5) for the plurality of inspection cuvettes (2)
comprises

- providing a plurality of deflectors (414, 415, 413, ...,41,.4, 41,)) corresponding to
the plurality of focusing probes (30), the individual deflectors of the plurality of
deflectors (414, 41,, 413, ..., 41,4, 41,) each being capable of being switched
between an active state, in which the respective deflector (414, 415, 413, ...,.414.4,
41,) directs light coming from the light source of the interferometer to the
corresponding focusing probe (30) and in which the respective deflector (414, 415,
413, ...,41.4, 41,) directs light reflected at the respective boundary (510, 500,502)
to the detector of the interferometer (3), and a passive state, in which the
respective deflector allows the light coming from the light source to pass to the
next deflector which is in the active state and which is arranged in an optical path
of the light, and

- sequentially switching a first deflector (414) of the plurality of deflectors (414, 415,
415, ...,41,.4, 41,) from the active state to the passive state after determining the
center thickness (55) of the ophthalmic lens (5) contained in the first inspection
cuvette (2), switching a second deflector (415) of the plurality of deflectors (414,
41,, 413, ..., 41,4, 41,) from the active state to the passive state after determining
the center thickness (55) of the ophthalmic lens (5) contained in the second
inspection cuvette (2), and so on, until switching a second last deflector (41,.1) of
the plurality of deflectors 414, 415, 413, ...,41,.4, 41,) from the active state to the
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10.

passive state after determining the center thickness (55) of the ophthalmic lens (5)
contained in the second last inspection cuvette (2), and then determining the
center thickness (55) of the ophthalmic lens contained in the last inspection
cuvette (2) with the last deflector (41,) being in the active state.

Method according to any one of claims 1 to 7, further comprising the steps of

- after determination of the center thickness (55) of the ophthalmic lens (5)
contained in the inspection cuvette (2) or after determination of the center
thicknesses (55) of the ophthalmic lenses (5) contained in the plurality of
inspection cuvettes (2), moving the inspection cuvette (2) containing the
ophthalmic lens (5) or the plurality of inspection cuvettes (2) containing the
ophthalmic lenses (5) from the first inspection location (800) to a second
inspection location (900), and

- at the second inspection location (900) performing an in-line optical inspection of
the ophthalmic lens (5) contained in the inspection cuvette (2) or of the ophthalmic
lenses (5) contained in the plurality of inspection cuvettes (2) for the presence of
other deficiencies.

Method according to any one of claims 5 to 8, further comprising the step of
individually adjusting each focusing probe (30) of the plurality of focusing probes
so as to focus light coming from the light source of the interferometer (3) to the
corresponding set position (310) of the ophthalmic lens (5) at the center of the
concave inner surface (210) of the optically transparent bottom (21) of the
respective inspection cuvette (2) of the plurality of inspection cuvettes (2).

Method according to any one of the preceding claims, wherein the method is

performed in an automated manufacturing line for manufacturing soft contact

lenses.
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11. An automated manufacturing line for manufacturing ophthalmic lenses (5), for
example soft contact lenses, the manufacturing line comprising:
- a production module for manufacturing ophthalmic lenses (5);
- an inspection module (1) for inspecting the manufactured ophthalmic lenses (5),
the inspection module (1) comprising an interferometer and a plurality of focusing
probes (30) being arranged at a first inspection location (800) and being capable of
being optically connected to the interferometer (3), for inspection of ophthalmic
lenses (5) being contained in a plurality of inspection cuvettes (2) corresponding to
the plurality of focusing probes (30), each inspection cuvette (2) comprising an
optically transparent bottom (21) having a concave inner surface (210) and
containing the ophthalmic lens (5) immersed in a liquid,
wherein in operation the inspection module (1) performs the method according to
any one of claims 5 to 10.
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