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FLOATI NG OPHTHALM C LENSES The invention relates to a cuvette for an
ophthalmc lens, for testing the latter using an optical inspection system
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floating inspection of the lens at a deflned i nspection position when the
| ens support is renobved. The invention in particular relates to a cuvette
for the optical testing of contact |lenses, nore particular to a cuvette for
the optical testing of soft contact lenses. It is known to produce hard and
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surface tension effects of the liquid to inmmmbilize the |lens on the surface
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to hold these in a water-filled cuvette for the purpose of optical testing.

US 4260252 discloses a method and apparatus for immobilizing a contact lens without
distortion to facilitate accurate measurement of its physical dimension. The wire-type support
member is disposed to interact with the lens through surface tension effects of the liquid to
immobilize the lens on the surface of the liquid whereon the lens is floated just out of contact
with the support member.

It has been found previously that a contact lens, when inserted into and immersed in a water
bath, always orients itself with the concave side facing upwards. Further, it is known, that
contact lenses typically have a density at least slightly higher than water, therefore once
completely immersed they are slowly sinking to the bottom of a water-filled cuvette. These
properties are made use of in the following optical testing methods known in the art.

EP 1105708 A1 discloses a cuvette for optical inspection of ophthalmic lenses with a lens
support having an indentation (for positioning the lens on the lens support) and the lens



-2 support having an optically finished surface (for avoiding optical
distortion). Inspectionis <carried out while the lens is resting on the
optically finished surface of the | ens support. WD 03/016855 Al discloses a
cuvette forwbeots/odre8pecti on, said cuvette conprising a hBCT/BR008§99828 whi ch
is filled with a liquid and has an axis coinciding, in the test position of
the cuvette, with the optical axis of tfe inspection system and, in the
test position of the cuvette, the hollow space is delimted from above by a
view ng glass for the optical test and has, wunderneath the view ng glass, a
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it is known for these type of inspection systems that it is necessary to ensure that the liquid
and the viewing glasses (in particular if they act as the lens support) as they are situated in
the optical path are clean and free of imperfections. Further, there must be no air bubbles
present between liquid and viewing glasses, in particular in the field of focus of the
inspection system. In an industrial production environment it is very often not possible to fully
meet these demands.

A remaining problem not solved by the above mentioned inspection systems therefore is the
optical quality of the test trough surface facing towards the hollow space, i.e. the lens
support. In particular said lens support may have dirt, air bubbles or scratches on said
surface, i.e. in the field of focus, which may adversely affect the optical inspection of the

lens.

The object of the invention is to eliminate such adverse effects on the optical inspection of
the lens as far as possible.

According to the invention, the object is achieved by the fact that the lens support is
removed for inspection of the lens, thereby leaving the lens freely floating during optical



According to the invention, the object is achieved by the fact that the | ens
support is renoved for inspection of the lens, thereby |eaving the |ens
freely floating during optical W 20071042280 PCT/ EP2006/ 009829 -3

i nspect i on.wdngo7dex28¢i ment al effect of dirt, air bubbl es BCT/ER206H082% on a
surface other than the |lens surface, which could adversely affect the
optical inspection, are thereby elimnated. The invention in a first aspect
relates to a cuvette for testing an ophthalmc |lens as described in the
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the invention, the renovable |l ens support is a wire type support.

Preferably, the wires of the wire type support are renovable in a folding
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ahollow space to be filled with a liquid, preferably water, and, in the test position of the

cuvette, the hollow space is delimited from above by a first viewing glass and from below by
a second viewing glass. In the lower area of the hollow space a removable lens support is
arranged in which the contact lens is supported in an initial inspection position, when the
cuvette is in a test position.

According to one embodiment of the invention, the removable lens support is an iris
diphragm. Preferably, the lamella of the iris diphragm are removable in a horizontal plane by

a mechanical means.

According to another embodiment of the invention, the removable lens support is a wire type
support. Preferably, the wires of the wire type support are removable in a folding motion
away from the lens by a mechanical means.

In a further embodiment, the iris diphragm and the wire type support are removable by a
magnetic means.

A removable lens support as used herein, is a lens support, which in an initial position is
capable of supporting an ophthalmic lens, and once removed, releases the ophthalmic lens



A renovabl e | ens support as used herein, is a |lens support, which in an
initial position is capable of supporting an ophthalmc | ens, and once
renoved, rel eases the ophthalmc | ens WD 2007/ 042280 PCT/ EP2006/ 009829 -4
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results of the freely floating ophthalmc lens, it is inportant, that the
renoval of the |ens support is as snootlyas possible, i.e. does not disturb
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is the speed o e invention therefore further relates to a method
for testing an ophthalmc lens arranged in a cuvette using an optical
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the contact lens. Typically, a soft contact lens has a diameter of 10 mm to 15 mm, preferably
around 14 mm. The sinking speed in the cuvette is from 10 mm/s to 12 mm/s for a cuvette
with a diameter of at least twice the size of the contact lens. The closer the diameter of the
cuvette is to the diameter of the contact lens, the slower is the speed of sinking.

The invention therefore further relates to a method for testing an ophthalmic lens arranged in
a cuvette using an optical inspection system, wherein a hollow space of the cuvette is filled
with a liquid, e.g. water, and wherein the hollow space is delimited from above by a first
viewing glass and from below by a second viewing glass, and wherein in the lower area of

the hollow space a removable lens support is arranged.

The method comprises the following steps:
¢ fully immersing an ophthaimic lens in the liquid in the hollow space of the cuvette,
¢ self-positioning of the lens on the removable lens support in an initial inspection
position,
e removing the lens support, so as to cause the lens to freely float in the inspection
position,



self-positioning of the lens on the renovable | ens support in an initial

i nspection position, renoving the |Iens support, so as to cause the lens to
freely float in the inspection position, W 2007/042280 PCT/ EP2006/ 009829
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initial position, thereby again supporting the I|ens. The self-positioning
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in particu aut uctl on proc e opti cal
i nspecti owmprttbn@glremQV%I ng the optical inspection syst emis carried out
imredi ately after renoval of the lens support, while the lens is freely

floating in or
The optical inspection can be carried out by taking one or more pictures of the lens or a part

of the lens, using bright-field, dark-field and/or phase-contrast illumination. The image
received by a suitable camera is then further processed and analyzed by means of a
software, e.g. to identify defects.

After inspection the lens support is returned to its initial position. To allow for the lens to be
supported again on the lens support, it has to be pushed up again by the amount it has been
sinking towards the bottom while the lens support was removed.

A lens again being supported on the lens support after inspection can be of advantage with
respect to removing the lens by a gripper device, in particular in an automated production

process.

Preferably, the optical inspection of the lens using the optical inspection system is carried
out immediately after removal of the lens support, while the lens is freely floating in or
sinking along the optical axis of the optical inspection system. The lens support is returned to
its previous position immediately after optical inspection of the lens.

The time between the removal of the lens support and the return to its previous position is
from 0.01 s to 0.2 s, preferably from 0.02 s to 0.1 s. Subsequently, the time for optical
inspection is from 0.001 s to 0.01 s, preferably at a maximum around 0.005 s.



sinking along the optical axis of the optical inspection system The |ens
support is returned to its previous position imediately after opti cal

i nspection of the lens. The tinme between the renoval of the | ens support and
t he return W@ ?2007894338€vi ous position is fromO0.01 s to OPCI/ER209(8983P abl y
from0.02 s to 0.1 s. Subsequently, the tinme for optical inspectionis from
0.001 s to 0.01 s, preferably at a maxi pgim around 0.005 s. WO 2007/ 042280
PCT/ EP2006/ 009829 -6 Wth an estimated speed of sinking of 10 mm's with the
| ens support being renoved, the Ilens is sinking towards the bottom |l ess
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optical inspection system is capable of performng bright and dark field
i | | um nat Aoapligal inspedationisystem asssed h@reisf comprises at least an emitting means (e.g. a

light source) and a detecting means (e.g. a camera) which are arranged along an optical
axis through the ophthalmic lens to be inspected. Further, there may be arranged along the
optical axis a first viewing glass and a second viewing glass, the both delimiting a cuvette
filled with a liquid, as well as contact lens immersed in the liquid and either supported in an
initial inspection position or freely floating along the optical axis.

A preferred optical inspection system comprises a CCD camera above the upper viewing
glass or below the lower viewing glass, an LED illumination device arranged along the optical
axis, at the opposite side of the CCD camera. More preferably, the optical inspection system
is capable of performing bright and dark field illumination of the contact lens and of
performing an analysis of the contact lens image respectively.

A cuvette and method according to the invention can be used advantageously in a system
for testing contact lenses, preferably within an automated production process (for example in
a test module), as is characterized by the features of the independent use claim.

The invention is explained in greater detail below with reference to the schematic drawings,
in which:



perform ng an analysis of the contact |ens inage respectively. A cuvette and
nmet hod according to the invention can be used advantageously in a system
for testing contact |enses, preferably within an automated production
process (fowoOexenm3k280in a test nodul e), as is charact er PEEEPHP6/019829f eat ur es
of the independent use claim The invention is explained in greater detail
below with reference to the schematic drawi ngs, in which: WO 2007/ 042280
PCT/ EP2006/ 009829 -7 Fig. 1 shows a section through a cuvette according to
the invention with a contact lens on a renovable |ens support. Fig. 2 shows
a section through a cuvette according to Fig. 1 wherein the | ens support is
an iris diphragm Fig. 3 shows a section through a cuvette according to
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space 21, 31 mhlch i's f|IIed with a liquid, for exanple water. The hol | ow
space extends along an axis 22, 32 which, in the test position of the
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posi tion. rgure I'STansIrrs ereas in
Fi gure 3 t(lowet)waiesvirggipss t5 atsthaboﬂm It yhedowengrea of the hollow space a removable

lens support 16 is arranged by which the contact lens 14 is supported in an initial inspection

position, when the cuvette is in a test position (shown in Figure 1).

The cuvettes shown in Figures 2 and 3 likewise have a hollow space 21, 31 which is filled
with a liquid, for example water. The hollow space extends along an axis 22, 32 which, in the
test position of the cuvette, coincides with the optical axis of the optical inspection system
(not shown). The hollow space 21, 31 is delimited by a first viewing glass 23, 33 at the top
and by a second viewing glass 25, 35 at the bottom. The lower area of the hollow space is
configured with a removable lens support 26, 36 in which the contact lens 14 is received in
an initial inspection position. In Figure 2, the lens support is an iris diphragm, whereas in

Figure 3 the lens support is a wire type support.

In principle, the first viewing glass 13 at the top, as well as the second viewing glass 15 at
the bottom can form a part of an optical lens. In this way, an overall compact optical
structure for the optical inspection system can be obtained.

The cuvette and method according to the invention allow to generate very high quality
images of a contact lens for lens inspection, avoiding any additional surface other than the
surface of the contact lens in the field of focus of the optical inspection system. Thereby
adverse effects to the optical inspection of the lens are eliminated as far as possible.



In principle, the first viewwng glass 13 at the top, as well as the second
viewi ng glass 15 at the bottomcan forma part of an optical lens. In this
way, an overall conpact optical structure for the optical inspection system
can be obtained. The cuvette and nmethod according to the invention allowto
generate very high quality images of contact lens for |lens inspection,
avoi ding any additional surface other Than the surface of the contact |ens
inthe field of focus of the optical inspection system Thereby adverse
effects to the optical inspection of the lens are elimnated as far as
possible. -8- Cains 1 Cuvette for testing an ophthalmc |lens, using an
optical iQORM@&ti on system said cuvette conprising a hollow space to be
filled with a liquid and, in the test position of the cuvette, the holl ow
space is delimted fromabove by a first view ng glass and from bel ow by a

second vi£w ”g%PvélFZforqgél Cén’%bﬁﬁﬁlmﬂcﬂeﬁé‘g}sn@‘mﬁ*b?tul:?l‘r’l‘@épé%%@gcét%}ér#e hol | ow

space a renov ns support arrange ens is
supported i n aseid nuvetﬁ compps'ogia)hollopospaaeotm befitled with ac ined taeadi 8 the a t est

her i n the T afest Pactipt BRENEPiedel e nGHRE B0 B BRihfe rEEROAPEL o)

pl ane. 2. QJVGNr‘SBV|éwrngtg3I§§3 86d fdnobéibivalya eet@itbviewtig@lags) dhakadtéized
inspection system . said cuvette conprising a hollow space to be filled with

a liquid and, inrthahi theelowep e |°6ﬁh%1h°{|%‘@é PaGRE EEMOVRP IR BNORRANACE i s
del im ted fro”&r‘?&’@é‘% By \ﬁmclfm'thétcdﬂté‘d‘t" BAs 9% %ir%g@ﬁgdﬁﬁoéﬂ bstiaving H (ﬁ,o%econd

viewi ng glass, chdaracterized 1n that in the wer area of the | ow space
a renovabl e | epesitiamppdren the cuyettargeda bgstwteistiont beintize remevablé Ensuppor t ed

charact or i zed F9PRRaD s SRBhARD o Rt g B R ot i Ao BB BB or 7™

wherei n the w regsovabletine warizontdl pp@esupport are renovable in a fol ding
notion away fromthe lens. 3. Method for testing an ophthalmc | ens arranged
in a cuvette using an optical inspection system wherein a hollow space of

the cuvetpe iscfiidtteetbrbdtthg?an ophthalmic lens, using an optical inspection system,
said cuvette comprising a hollow space to be filled with a liquid and, in the
test position of the cuvette, the hollow space is delimited from above by a
first viewing glass and from below by a second viewing glass, characterized
in that in the lower area of the hollow space a removable lens support is
arranged by which the contact lens is supported in an initial inspection
position, when the cuvette is in a test position, characterized in that the
removable lens support is a wire type support, wherein the wires of the wire

type support are removable in a folding motion away from the lens.

3. Method for testing an ophthalmic lens arranged in a cuvette using an optical
inspection system, wherein a hollow space of the cuvette is filled with a
liquid, the hollow space being delimited from above by a first viewing glass
and from below by a second viewing glass, and wherein in the lower area of
the hollow space a removable lens support is arranged, the method
comprising the following steps:
fully immersing the ophthalmic lens in the liquid,
self-positioning of the lens on the removable lens support in an initial

inspection position,



liquid, the hollow space being delimted fromabove by a first view ng gl ass
and from bel ow by a second view ng glass, and wherein in the | ower area of

t he hol | ow space a renovabl e | ens support is arranged, the nethod
conprising the following steps: fully immersing the ophthalmc lens in the
liquid, self-positioning of the |ens o&the renovabl e | ens support in an
initial 1inspection position, -9- renovVihg the | ens support so as to cause
the lens to freely float first in the initial inspection position and then
along the optical axis of the inspection system carrying out the optical

i nspection using the optical inspection systemwhile the lens is freely

floating in t hﬁer’né9\'/ih¢n e |dMERAPHLRPISH bé’ufgﬁofhe%ﬂé‘% Tfrl%‘élgofﬂatdt‘ﬁiﬂét in e S Of
t he i nspection syste returning the renovabl e 1 ens support to its previous
posi tion, ther @tital agspectios yposdioni argl tHea dleng .theé .opkkslhads af dioe dispgctian cl ai m
3, wherein the optical inspection using the optical inspection systemis
carried out imi¥ ?@tely after full renoval of the lens support, while the

lens is freelychirgiagiowd theroptial iinspeesdr asingasé bpochl aispicany syétm whild cal
axis of the inspection s st@n}_ wherein the tine for the optical inspection
ati

is fromo0.001 &4 lgngipiregly N i 'aﬁ'ébmép?@'oﬂ“oo(?ﬂ't&nnﬁ"@b%g‘reei)ﬁ’i'qa e lens
support is ret 'é%i@‘?ﬁtﬁé)inis ctioﬁrsﬁ‘éiéﬁﬁ’s position inmedi ately after optical

i nspection of the |ens, erei the tinme between the full renoval of the

| ens support aretutningg thet ignmovable tess suppoit dd itpgséviowm positiom,.dhe@bylagain o 0. 2
s. 6. Method agcording,to claim3, wherein with the | ens support being
renoved, the g;ﬁ%orhggng%lﬁﬁﬁg towards the bottomless than 200 m crons
conpared to its initial position on the | ens support before renoval

t her eof .
Method according to claim 3, wherein the optical inspection using the optical

inspection system is carried out immediately after full removal of the lens
support, while the lens is freely floating in the inspection position or along
the optical axis of the inspection system, wherein the time for the optical

inspection is from 0.001 s to 0.01 s.

5. Method according to claim 4, wherein the lens support is returned to its
previous position immediately after optical inspection of the lens, wherein
the time between the full removal of the lens support and the return to its

initial position is from 0.01 s t0 0.2 s.

6. Method according to claim 3, wherein with the lens support being removed,
the lens is sinking towards the bottom less than 200 microns compared to its

initial position on the lens support before removal thereof.





