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some cases the flash is preferentially fixed to one of the mould pieces by
the provision of snatch The invention relates to cast contact lenses  rings
but generally the separation process is car- and more particularly to
apparatus and methods for  ried out manually and is costly. producing and
packaging such cast contact lenses.   5  A known method of manufacturing
contact lens Cast moulding is a known method for the pro-  is described in
International patent application No duction of contact lenses. It offers
considerable  W087/04390. A two part mould is used of which quality and
cost advantages over other methods    one portion of the mould is flexible
so that it moves such as lathing and/or spin-casting. It is a highly  under
the suction generated by the monomer dur- repeatable process.
10  ing polymerisation. During cast moulding it is important to maintain
The preambles of claims 1 and 15 are based a good seal between the mould
pieces in order to  on this document. prevent the loss of volatile
components from mon-    In US3830460 a method and a mould for man- omer
used to make the lens and to provide a clean  ufacturing ophthalmic lens
for use for example in edge profile to the cast lens. Using existing meth-
15  spectacles are described. The mould is in two ods the mould pieces are
generally held together  parts, a female mould half and a male mould half,
by mechanical means. However, during curing the   of which one of the
halves has a flexible membrane mould pieces may relax resulting in uneven
sealing  to accommodate the shrinkage of the lens whilst loads. It is also
difficult to design moulds where  curing. To assist in ensuring the flexure
of the sufficient pressure is applied to the mould parts at  20  membrane
the mould is exposed to a positive the seal line between the mould parts so
as to    pressure during the curing of the lens. A shoulder separate the
monomer in the lens cavity from any  on the male mould half has a flat
surface which excess monomer which is displaced into flash cav-  engages
with a flange on the female mould sur- ities. Imperfectly made seals result
in damaged  face, when in use, forming a circumferential seal lenses and
costly inspection is needed to separate  25  about the mould cavity. reject
from good lenses.                             During cast moulding the lens
will, after curing, During cast moulding it is also important to  tend to
adhere to one or other of the mould pieces compensate for monomer shrinkage
which occurs    in a random manner unless the moulds are de- during the
polymerising curing process in order to  signed to hold the lens on one
specific half.. There prevent the formation of voids or bubbles in the  30
are processing advantages in being able to control lens due to cavitation
effect. To reduce this prob-  or define on which mould half the lens will
be held lem existing methods are known which provide one  when the mould
pieces are separated after curing. of the mould pieces with a flexible rim
which col-  Moulds which rely on flexible rims to compensate lapses during
polymerisation. Other systems allow  for monomer shrinkage will tend to
retain the lens monomer from a reservoir cavity in the mould to  35  on the
mould piece which has the rim. This is flow back into the lens cavity due
to suction effect  because the rim deflects generally into the lens of
shrinkage and other systems allow the mould    cavity where the monomer
hardens around it. surfaces to move towards one another under suc-   While
this process can, to some extent, be relied tion effect. However, the
flexible rim and reservoir  upon to fix the lens on one half, the net
effect of methods disturb the seal and reject lenses or len-  40  the rim
is to deform the edge of the lens resulting ses requiring edge polishing
result. An advantage  in- inconsistent edge profiles, reject lenses and of
mould surface movement over other methods is   edge polishing even of the
acceptable lenses i.e. that it does allow the seal line to be maintained
those which have not been damaged by mechani- intact but the mould shells
must be carefully de-  cal removal from the retaining mould half. Another
signed to collapse evenly under suction forces.  45  method for retaining
the lens on one specific mould Variations in mould thickness, material or
cure tem-  piece is to create a return on the edge of the lens perature
will affect mould stiffness and hence the  cavity in such a way as to wedge
the hard lens. rate and amount of collapse. The monomer shrink-  For
example a lens cavity on the concave mould age induced suction has to
overcome the natural   may have a returned edge profile which will retain
stiffness of the mould structure without for example  5o  the hard lens.
Unfortunately this creates consider- sucking monomer in from a flash cavity
around the  able constraints on the design of the lens edge mould. During
cast moulding it is necessary to    profile and the creation of relatively
thick uncom- provide a cavity or cavities within the mould as-  fortable
lens edges. sembly to contain excess monomer squeezed out        During the
process of cast moulding certain from the lens cavity as the mould pieces
are  55  batches may require to be tinted or coloured. brought together.
This excess monomer forms       There are a number of tinting systems but
they flash during the curing process and this flash must  require the
careful location and support of the lens be separated from the lens prior
to packing. In   such that ink or dye can be precisely applied to the 2 .



3                 EP 0 367 513 B1                    4 lens surface
generally the front convex surface   pressure to provide a pressurized seal
against the without damage to the lens. This positioning of the  rigid
shoulder and a loading pressure to cause lens is a labour intensive
operation requiring con-  deflection of one of the mould surfaces to
maintain siderable operator skill if rejects are to be minimis-  the mould
surfaces in contact with the lens as the ed.
5   monomer shrinks during polymerisation, charac- During the process of
cast moulding it may be  terised in that a superatmospheric pressure in a
desirable to carry out some form of work on the    pressure vessel is
applied to said mould, said lens such as surface treatment. There are cost
and  superatmospheric pressure providing both said quality advantages in
carrying out these operations  loading pressure and said sealing pressure,
and is while the lens is still captive on one of the mould  10  sufficient
to cause the said pressurised seal formed pieces but it is necessary to be
able to guarantee  by the rigid shoulder to be maintained around the on
which mould half the lens is retained.          mould cavity throughout
polymerisation to separate During the process of cast moulding the lens is
the contact lens from any flash, and the loading handled in a number of
different containers as it  pressure to be sufficient to maintain the mould
undergoes inspection, power measurement, extrac-  15  surfaces in contact
with the lens as the monomer tion, hydration and transfer to the final
pack, gen-  shrinks. erally a glass vial. There can be cost and quality
Preferably the male and female mould surfaces advantage if these operations
can be carried out in  are formed on respective mould parts arranged to the
mould which is also a main component in the    engage each other as a
sliding piston and cylinder final pack. There are also advantages if the
mould  20  device, said application of the superatmospheric piece forming
part of the pack is of such design   pressure being applied to both mould
parts thereby that the lens is properly orientated and accessible  urging
the male and female mould surfaces to- for ease of removal by the user.
This may be       wards each other. achieved by offering the lens with the
convex sur-    Preferably monomer is fed to said mould cavity face
uppermost. Alternatively there may be advan-  25  while the female mould
surface is facing upwardly, tage in providing a "basket" or carrier device
within  and inverting the mould so that on opening the the pack which
contains the lens and which is      mould said male surface is facing
upwardly. accessible to the user thereby making lens removal    In a
further aspect, the present invention pro- from the pack easy.
vides a moulding apparatus for use in a method as During cast moulding it
is extremely important  30  hereinbefore described which moulding apparatus
to protect the optical surfaces of the mould pieces  comprises a mould,
said mould having a first since the slightest damage mark will be
transferred  mould part having a male mould surface, a second to the lens
resulting in a reject. Damage can occur  mould part having a female mould
surface and a for example when the mould is ejected from the     rigid
shoulder which forms a peripheral seal be- moulding machine. Similarly for
hygiene reasons it  35  tween the two mould surfaces under sealing pres- is
important to minimize the possibility of an optical  sure, each of said
mould parts having a base on surface coming into contact even with soft
objects.  which the respective mould surface is formed and It is an object
of the present invention to pro-  an annular wall extending upwardly from
the base, vide improved apparatus and methods for cast      the annular
walls of the first and second mould moulding contact lenses.
40  parts being arranged to engage each other as a It is a further object
of the present invention to  sliding fit whereby the two mould parts may be
provide an improved method and apparatus in        moved as a piston and
cylinder device to open and which a sealing cover may be sealed over one of
close the mould, at least one of the mould surfaces the mould halves to
form a package.                but not the shoulder being flexible under a
loading The present invention provides a method of  45  pressure,
characterised in that the apparatus fur- cast moulding a contact lens
comprising the steps  ther comprises a pressure vessel in which said of:
mould is received during the formation of a lens, filling with monomer a
mould cavity of a mould,  said pressure vessel being arranged, in use, to
said cavity being between relatively movable male  apply superatmospheric
pressure to said mould, and female mould surfaces and said mould further
50  said superatmospheric pressure providing both comprising a rigid
shoulder for forming a peripheral  said loading pressure and said sealing
pressure, seal between the two mould surfaces to close the   and is
sufficient to cause the said pressurised seal cavity, at least one of the
mould surfaces but not  formed by the rigid shoulder to be maintained the
shoulder being flexible under a loading pres-  around the mould cavity
throughout polymerisation sure;                                         55
to separate the contact lens from any flash, and the closing said mould
cavity with monomber filling  loading pressure to be sufficient to maintain
the said cavity;                                       mould surfaces in
contact with the lens as the curing the monomer while applying a sealing
monomer shrinks. 3   



5             EP 0 367 513 B1                       6 Preferably, the male
mould surface is formed  second mould part. In the drawings the first mould
on the base of said first mould part spaced in-  part 11 comprises a cup
member having a base 12 wardly from the annular wall of the first mould
part  surrounded by an annular wall 13. The male mould so as to provide a
trough within the annular wall  surface 14 is formed centrally on the base
12 surrounding said male mould surface.         5   spaced away from the
annular wall 13 so that an Furthermore, preferably the annular wall of said
annular trough region 15 is formed between the first mould part is formed
with a flange at its upper  annular wall 13 and the male mould surface 14.
end onto which a sealing cover may be sealed.    The second mould part 16
is also cup shaped in Attention is drawn to EP-A-0561480, a divi-  that it
has a base 17 surrounded by an annular wall sional application from  the
present application  10  18 The female mould surface 19 is formed cen-
which describes and claims a method of cast      trally on the base region
17 and is again spaced moulding a contact lens comprising polymerising a
away from the annular wall 18 by a flat annular monomer in a mould cavity
between a male mould   region 20. The annular wall 18 of the second mould
surface in a first mould part and a female mould  part 16 is arranged to
form a close sliding fit inside surface in a second mould part, opening the
mould  is  the annular wall 13 of the first mould part 11. In this to
expose the cast lens while supported on said  way the two mould parts may
be fitted together as male mould surface, and sealing the lens in a
shown in Figure 1 forming a piston and cylinder package by sealing a cover
member onto said first  device in which the two mould parts are slidable
mould part.                                      relative to each other in
order to open or close the Attention is  also drawn to EP-A-0561481, a   20
mould. The male mould surface 14 is arranged to divisional application from
the present application  face into the cup of the first mould part  whereas
which describes and claims a method of cast      the female mould surface
19 faces out of the cup moulding a contact lens comprising polymerising a
of the second mould part so that when the two monomer in a mould cavity
between a male and     mould parts are fitted together as shown in Figure
female mould surface, opening the mould to ex-  25. 1 a mould cavity 21 is
formed between the male pose the cast lens while supported on one of the
and female mould surfaces. The annular wall 13 of mould surfaces,
perforating the lens by application  the first mould part 11 has an annular
flange 22 at of a laser beam to provide a controlled porosity of  the end
of the annular wall 13 remote from the the lens, applying a drug or other
medication to the  base 12. lens so that the dosage taken up by the lens is
30  The wall members forming the male mould determined by the extent of
porosity formed and  surface 14 and female mould surface 19 are suffi- the
concentration of the drug or medication, and  ciently rigid that they do
not substantially deflect sealing the lens in a package by sealing a cover
under suction caused by shrinkage of monomer member onto the part of the
mould supporting said  within the cavity 21 but can be deflected to keep in
lens.                                       35  contact with shrinking
monomer on application of a Some embodiments of the invention will now
selected loading pressure which can be achieved be described by way of
example and with refer-   by applying superatmospheric pressure to the ence
to the accompanying drawings in which:      mould halves in a pressurised
oven or other pres- Figure 1 shows a cross-section of a mould as-  sure
vessel. The female mould surface 19 is sur- sembly prior to location in a
pressure vessel for  40  rounded by a rigid shoulder 25 shown more clearly
use in accordance with the present invention,  in Figure 2. The rigid
shoulder 25 abuts the male Figure 2 shows an enlarged view of a seal
mould surface 14 to form a reliable seal between between the two mould
parts of the apparatus   the two mould surfaces and one which does not
shown in Figure 1,                             distort or deflect during
the polymerisation opera- Figure 3 shows the mould assembly of Figure 1
45  tion when pressure is applied to the two mould when located in a
pressure vessel,             halves. Figure 4 shows a first part of the
mould assem-   The mould pieces shown in Figure 1 are in this bly of Figure
1 with a cast lens after inversion  example injection moulded from a
suitable plastic and the mould is opened,                       material
such as polypropylene. Figure 5 shows a sealed package with a hy-  so   In
use liquid monomer is supplied into the drated cast lens formed in
accordance with the  concave surface of the female mould surface 19
invention, and                                 while the surface is facing
upwardly. The upper Figures 6, 7 and 8 show altemative perforated  mould
half is then closed downwardly onto the lenses in accordance with the
invention.       lower mould half as shown in Figure 1 until the This
example relates to the formation of a cast  55  male surface 14 touches the
rigid shoulder 25 with contact lens by polymerising a monomer in a      the
male mould half 11 uppermost. Any excess mould cavity between a male mould
surface in a   liquid monomer is squeezed out between the op- first mould
part and a female mould surface in a  tical surfaces of the male and female
mould parts 4   



7                 EP 0367 513 B1                      8 into the circular
trough 23 so as to drain through  surface exposed for any further treatment
steps. In the holes 24.                                     the example
shown in Figure 4 an optional printing The assembly is then placed into a
pressure     head 33 is located above the cast lens so that any vessel 26
as shown in Figure 3. Pressure inside the  print treatment can be effected
on the outer lens vessel is then increased by application of pressure   5
surface. The subsequent processing when the lens from a source 27 of
pressurised gas so that the   is held in the position shown in Figure 4 may
two mould halves 11 and 16 are urged towards       additionally or
alternatively include application of each other. The pressure in the vessel
is preferably  tint, or colour to the front surface of the lens. The in the
range of 0.2 to 1 bar above atmospheric. In  front surface of the lens 32
in this sense is the particular the male and female mould surfaces 14   10
convex surface. As can be seen from Figure 4, the and 19 are urged towards
each other by the ap-     annular wall 13 of the mould part 11 extends up-
plied pressure as indicated by arrows 30 and 31.   wardly to a height above
the male mould surface The engagement force between the two mould
14 so that when the mould is opened the flange 22 halves is concentrated
adjacent the shoulder 25    at the upper end of the annular wall 13 lies
above due to the relatively small surface area of engage-  15  the lens 32
formed on the male mould surface. As ment and thereby an effective seal is
produced.    the lens is held within the cup 13, the mould and This seal
results in a clean edge to the lens and  lens can be accurately positioned
without risk of forms a barrier preventing escape of volatile com-  damage
which might occur if the lens were sepa- ponents from the lens monomer in
the mould cav-    rate from the mould. The cup 13 provides an ity.
Furthermore, this application  of superat-  20  effective receptable for
extraction and/or hydration mospheric pressure inside the vessel 26 ensures
fluids which may serve to ease the lens non- that a satisfactory loading
pressure is applied to  traumatically from the optical mould surface. The
the male and female mould surfaces 14 and 19 so    mould and hence the lens
can be handled effi- that they are caused to deflect as the lens mon-
ciently by automatic processing equipment without omer shrinks in volume
during polymerisation. In  25  risk of damage to the fragile lens.
Furthermore the this way the optical surfaces of the male and      lens is
suitably positioned in Figure 4 for laser female mould parts remain in
contact with the      drilling or other working. monomer as it changes from
liquid through gel to a    After any surface treatment has been carried
solid. This avoids the problem of cavitation of the  out, the lens 32 is
hydrated while still held in the monomer as it shrinks. In this way the
applied   30  cup 13. This involves filling the trough region 15 in
superatmospheric pressure creates a more effec-    the cup with saline
solution and requires no han- tive seal and causes the mould surfaces to
deflect  dling of the lens itself. As the problems of cavita- and remain in
contact with the monomer in a way   tion during monomer shrinkage and flash
removal which would not have been possible relying upon    around the edge
are avoided by the present inven- suction forces from the shrinkage of the
monomer  35  tion, the process produces high quality lenses such alone. The
design, thickness and process control   that sampling inspection techniques
can be applied necessary in making the wall thicknesses for the  in
preference to repeated 100%  lens inspection male and female mould parts of
this embodiment     which is normal in the lens industry. This will result
are much less sensitive as their resistance to    in lower cost lenses of
at least equal quality to movement does not need to be made to match the
40  those produced in inspection intensive processes. suction effect of the
shrinking monomer. The resis-   Finally a removable lid 34 is sealed onto
the tance to movement of the mould parts is overcome   flange 22 of the
mould part 11 so that the lens 32 by the applied superatmospheric pressure
effect    and saline solution 35 are sealed within the pack- which may be
easily controlled to achieve the      age. Both the lid material and the
seal have suffi- desired deflection found necessary in use.    45  ciently
good barrier properties to ensure that the The optical surface of the male
mould surface   packaging solution does not deteriorate over a sub- 14 has
in this example been flame-treated, a pro-  stantial time. The materials
selected for the pack- cess which improves the surface finish and raises
age shown in Figure 5 are capable of withstanding the surface energy. This
ensures that the poly-    conditions of sterilisation such as autoclaving.
merised lens remains in contact with the convex   50  In use, the lid 34
may be peeled away from the male mould part for subsequent processing.
After   cup member holding the lens 32. When the lid is treatment in the
pressurised oven 26 shown in      removed the saline solution may be poured
out of Figure 3. the mould is inverted and the two halves  the package and
this may be done leaving the lens separated. The mould half 12 is removed
so that as  32 held in position on the male mould surface 14. shown in
Figure 4, the cast lens 32 remains on the   55  This is particularly
advantageous in that the ori- male mould surface 16 in the cup member 13
entation of the lens is therefore predetermined in below the level of the
flange 14. In this way the  relation to the package position and makes it
much cast lens is conveniently held with its outer optical  simpler to
extract the lens in a known orientation. 5   



9            EP 0 367 513 B1                      10 This avoids the need
to tip the lens out of the  in which the lens is supported. The lens may be
container into an unknown orientation before pick-  treated so as to form a
controlled degree of per- ing up the lens for insertion into the eye.
Further-  foration with absorption of a controlled drug quan- more the
external face of the lens is facing upwar-  tity so that when sealed as in
Figure 5 the package dly in the package and consequently can be   5
comprises a controlled dosed lens. In this way touched by hand without
contaminating the lens    controlled doses of drugs may be prepackaged in
before putting it into the eye.                  the disposable lens
format. The provision of the annular trough 15 around     The formation of
perforations as described in the male mould surface 14 also assists in
removing  Figures 6. 7 and 8 by use of an excimer laser may the cast lens
from the package in that it provides  10  be applied to cast contact lenses
which are made sufficient space around the lens to assist a user in  by
processes and apparatus different from that getting hold of the lens in
order to remove it from  described with reference to Figures  1 to 5. the
package.                                         The present invention is
advantageous in per- As already described, the lens may be subject  mitting
the use of monomers which require ul- to perforation by a plurality of fine
holes by ap-  15  traviolet curing or other non-thermal curing as well
plication of a laser beam  such as a short        as monomers which are
cured by heat treatment. It wavelength excimer laser beam. Such laser beams
will be understood that when using heat treatment break the chemical bonds
and are able to perforate  to effect curing, the mould surfaces develop a
the cast lens without melting or causing flow or  lower resistance to
deflection during shrinkage of debris or other thermal effects. This
process is  20  the monomer. However, when using monomers known as
photoabulation decomposition. It is      which do not require thermal
curing, the mould achieved by application of laser beams of short
surfaces will retain a higher resistance to deflection wavelength during
short pulse durations. These    and the forces developed by monomer
shrinkage form perforations which avoid any burr or ragged  alone would be
insufficient to ensure that the edge to the holes or grooves in the lens
since they   25   mould surfaces remain in contact with the mon- would
cause unacceptable discomfort to the wearer  omer as it shrinks. The use of
the applied superat- of the lens. Figures 6, 7 and 8 show alternative
mospheric pressure may however be provided at a perforation patterns which
may be formed by use   controlled extentabove atmospheric pressure so as of
an excimer laser. Such perforations may be    to be sufficient to deflect
the mould surfaces and beneficial in improving the oxygen transmission or
3o   maintain them in contact with the monomer even permeability of the
lens. The number and position  when no heat treatment is applied as would
be the of the holes or grooves will alter the oxygen flux,  case with
ultraviolet curing. tearflow, durability and wettability characteristics of
The invention is not limited to the details of the the final lens. The lens
designer may therefore  foregoing example. optimise the performance of the
lens by suitable  35  For instance, both the male and female mould
formation of perforations. In this example the holes  surfaces may be flame
polished in order to im- 36 formed by the laser beam are each square
prove the surface finish on both sides of the lens. holes approximately 150
microns in size. They may  In order to release the lens from the mould and
be used to cover the whole lens area stopping     control which surface
supports the lens after re- short of the periphery thereby maintaining the
in-  40  lease, the mould may be partially opened to in- tegrity of the
lens edge as shown in Figure 6.    crease the cavity between the male and
female Alternatively they may be formed in the central   surfaces and
saline solution passed through the optical area 37 only as shown in Figure
7. Alter-  cavity by introducing the solution through one port natively
they may be formed in non-optical areas in  24 and exhausting the solution
through another port an annular region 38 outside the central optical  45
24 while the mould is tilted. The flow of saline area but terminating short
of the periphery as    solution will release the lens  and by tilting the
shown in Figure 8. The holes or grooves may be    mould to an upright or
inverted position before formed in the dry lens prior to hydration or
alter-  removal of the saline solution the released lens will natively in
the wet lens after hydration.         come to rest and be supported on
either the male The treatment stage prior to sealing the pack-  50  surface
or female surface as required. age as shown in Figure 5 may include dosing
the lens with medication while the lens is held in the  Claims exposed
position shown in Figure 4. By perforating the lens with an excimer laser
as already de-     1. A method of cast moulding a contact lens scribed, the
lens may act as a drug sponge in  55    comprising the steps of: which the
quantity of medication absorbed de-            filling with monomer a mould
cavity (21) of pends on the degree of perforation of the lens and   a
mould, said cavity (21) being between rela- the strength of the medication
supplied to the cup    tively movable male (14) and female (19) 6   



9                EP 0 367 513 B1                   10 This avoids the need
to tip the lens out of the   in which the lens is supported. The lens may
be container into an unknown orientation before pick-  treated so as to
form a controlled degree of per- ing up the lens for insertion into the
eye. Further-  foration with absorption of a controlled drug quan- more the
external face of the lens is facing upwar-  tity so that when sealed as in
Figure 5 the package dly in the package and consequently can be   5
comprises a controlled dosed lens. In this way touched by hand without
contaminating the lens    controlled doses of drugs may be prepackaged in
before putting it into the eye.                   the  disposable lens
format. The provision of the annular trough 15 around     The formation of
perforations as described in the male mould surface 14 also assists in
removing  Figures 6, 7 and 8 by use of an excimer laser may the cast lens
from the package in that it provides  10  be applied to cast contact lenses
which are made sufficient space around the lens to assist a user in  by
processes and apparatus different from that getting hold of the lens in
order to remove it from  described with reference to Figures 1 to 5. the
package.                                          The present invention is
advantageous in per- As already described, the lens may be subject  mitting
the use of monomers which require ul- to perforation by a plurality of fine
holes by ap-  15  traviolet curing or other non-thermal curing as well
plication of a laser beam  such as a short        as monomers which are
cured by heat treatment. It wavelength excimer laser beam. Such laser beams
will be understood that when using heat treatment break the chemical bonds
and are able to perforate  to effect curing, the mould surfaces develop a
the cast lens without melting or causing flow or  lower resistance to
deflection during shrinkage of debris or other thermal effects. This
process is  2o  the monomer. However, when using monomers known as
photoabulation decomposition. It is      which do not require thermal
curing, the mould achieved by application of laser beams of short
surfaces will retain a higher resistance to deflection wavelength during
short pulse durations. These    and the forces developed by monomer
shrinkage form perforations which avoid any burr or ragged  alone would be
insufficient to ensure that the edge to the holes or grooves in the lens
since they   25. mould surfaces remain in contact with  the mon- would
cause unacceptable discomfort to the wearer  omer as it shrinks. The use of
the applied superat- of the lens. Figures 6. 7 and 8 show alternative
mospheric pressure may however be provided at a perforation patterns which
may be formed by use   controlled extent above atmospheric pressure so as
of an excimer laser. Such perforations may be     to be sufficient to
deflect the mould surfaces and beneficial in Improving the oxygen
transmission or  30   maintain them in contact with the monomer even
permeability of the lens. The number and position  when no heat treatment
is applied as would be the of the holes or grooves will alter the oxygen
flux,  case with ultraviolet curing. tearflow, durability and wettability
characteristics of  The invention is not limited to the details of the the
final lens. The lens designer may therefore   foregoing example. optimise
the performance of the lens by suitable  35  For instance, both the male
and female mould formation of perforations. In this example the holes
surfaces may be flame polished in order to im- 36 formed by the laser beam
are each square       prove the surface finish on both sides of the lens.
holes approximately 150 microns in size. They may  In order to release the
lens from the mould and be used to cover the whole lens area stopping
control which surface supports the lens after re- short of the periphery
thereby maintaining the in-  4o  lease, the mould may be partially opened
to in- tegrity of the lens edge as shown in Figure 6.    crease the cavity
between the male and female Alternatively they may be formed in the central
surfaces and saline solution passed through the optical area 37 only as
shown in Figure 7. Alter-  cavity by introducing the solution through one
port natively they may be formed in non-optical areas in  24 and exhausting
the solution through another port an annular region 38 outside the central
optical  45  24 while the mould is tilted. The flow of saline area but
terminating short of the periphery as    solution will release the lens and
by tilting the shown in Figure 8. The holes or grooves may be    mould to
an upright or inverted position before formed in the dry lens prior to
hydration or alter-  removal of the saline solution the released lens will
natively in the wet lens after hydration.         come to rest and be
supported on either the male The treatment stage prior to sealing the pack-
5o  surface or female surface as required. age as shown in Figure 5 may
include dosing the lens with medication while the lens is held in the
Claims exposed position shown in Figure 4. By perforating the lens with an
excimer laser as already de-     1. A method of cast moulding a contact
lens scribed, the lens may act as a drug sponge in  55     comprising the
steps of: which the quantity of medication absorbed de-            filling
with monomer a mould cavity (21) of pends on the degree of perforation of
the lens and    a mould, said cavity (21) being between rela- the strength
of the medication supplied to the cup    tively movable male (14) and
female (19) 6   



11                EP0367513B1                        12 mould surfaces and
said mould further com-    6. A method according to any one of claims 1 to
prising a rigid shoulder (25) for forming a pe-    5 wherein the male
surface (14) flame polished ripheral seal between the two mould surfaces
to assist in retaining the lens on the male to close the cavity (21), at
least one of the      surface (14) when the mould is opened. mould surfaces
but not the shoulder (25) being   5 flexible under a loading pressure;
7. A method according to any one of claims 1 to closing said mould cavity
(21)  with mon-      5 wherein the female surface (19) is flame omer
filling said cavity;                          polished to assist in
retaining the lens on the curing the monomer while applying a seal-
female surface (19) when the mould is opened. ing pressure to provide a
pressurised seal  10 against the rigid shoulder (25) and a loading  8. A
method according to any one of claims 1 to pressure to cause deflection of
one of the         5, 6 or 7 wherein after opening the mould the mould
surfaces to maintain the mould surfaces      lens is held exposed on one
mould surface in contact with the lens as the monomer            (14, 19)
and is subject to an additional treat- shrinks during polymerisation,
characterised in  15  ment step on the exposed outer lens surface. that a
superatmospheric pressure in a pressure vessel is applied to said mould,
said superat-  9. A method according to claim 8 wherein said mospheric
pressure providing both said load-       additional treatment step
comprises tinting, ing pressure and said sealing pressure, and is
colouring or printing. sufficient to cause the said pressurised seal  20
formed by the rigid shoulder (25) to be main-  10. A method according to
claim 8 wherein said tained around the mould cavity throughout
additional treatment step comprises the forma- polymerisation to separate
the contact lens        tion of one or more holes (36) through the from any
flash, and the loading pressure to be     thickness of the lens by
application of a short sufficient to maintain the mould surfaces in  25
wavelength laser beam. contact with the lens as the monomer shrinks. 11. A
method according to claim 10 wherein said 2. A method according to claim 1
wherein the           beam is an excimer laser beam. male (14) and female
(19) mould surfaces are formed on respective mould parts (11, 16) ar-  30
12. A method according to claim 10 or claim 11 in ranged to engage each
other as a sliding pis-      which a plurality of holes (36) are formed to
ton and cylinder device, said application of a     form a controlled
porosity of the lens. superatmospheric pressure being applied to both mould
parts (11, 16) thereby urging the   13. A method according to claim 10 or
claim 11 in male (14) and female (19) mould surfaces to-  35   which a
plurality of holes (36) are formed to wards each other.
provide controlled durability of the lens. 3. A method according to either
of claims 1 or 2   14. A method according to claim 12 in which a in which
monomer is fed to said mould cavity       controlled dosage of drug or
other medical (21) while the female mould surface (19) is  40    compound
is introduced into the porosity facing upwardly, and inverting the mould so
formed by the hole formation. that on opening the mould said male surface
(14) is facing upwardly.                       15. A moulding apparatus for
use in a method according to any one of the preceding claims, 4. A method
according to claim 3 wherein on  .45       which moulding apparatus
comprises a mould, opening the mould the cast lens is supported       said
mould having a first mould part (11) hav- on the male mould surface (14)
surrounded by       ing a male mould surface (14), a second mould a cup
member having an annular wall (13)           part (16) having a female
mould surface (19) projecting above the lens, hydrating fluid is      and a
rigid shoulder (25) which forms a periph- supplied to the cup member to
hydrate the   50     eral seal between the two mould surfaces (14, lens
while supported on the male surface (14)      19) under sealing pressure,
each of said mould and a cover (34) is sealed onto the cup mem-       parts
(11, 16) having a base (12, 17) on which ber above the lens to form a
packaged lens in      the respective mould surface (14, 19) is the cup
member.                                    formed and an annular wall (13,
18) extending 55      upwardly from the base (12, 17), the annular 5. A
method according to claim 4 in which the          walls (13, 18) of the
first (11) and second (16) cover member (34) is sealed onto an upper
mould parts being arranged to engage each edge of said annular wall (13).
other as a sliding fit whereby the two mould 7 * C   L   M   S *   
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be moved as a piston and          - SchlieBen des Formhohlraums (21), wo-
cylinder device to open and close the mould,           bei ein Monomer den
Hohlraum ausfUllt; at least one of the mould surfaces (i4, 19) but      -
Harten des Monomers wahrend ein Dich- not the shoulder (25) being flexible
under a           tungsdruck ausgeUbt wird, urn eine unter loading
pressure, characterised in that the ap-   5    Druck stehende Abdichtung an
der star- paratus further comprises a pressure vessel In         ren
Schulter (25) bereitzustellen sowie which said mould is received during the
forma-         AusUben eines Belastungsdrucks, urn tion of a lens, said
pressure vessel being ar-         eine Biegung einer der Formwerkzeug-
ranged, in use, to apply superatmospheric              oberflachen zu
verursachen, um  die pressure to said mould, said superatmospheric  1o
Formwerkzeugoberflachen in Kontakt mit pressure providing both said loading
pressure          der Linse zu halten, wenn das Monomer and said sealing
pressure, and is sufficient to        wahrend der Polymerisation schrumpft,
cause the said pressurised seal formed by the          dadurch
gekennzeichnet, daB rigid shoulder (25) to be maintained around the
ein superatmospharischer Druck in ei- mould cavity throughout
polymerisation to sep-   1s    nem Druckbehalter auf das Formwerk- arate
the contact lens from any flash, and the         zeug ausgeUbt wird, wobei
der superat- loading pressure to be sufficient to maintain
mospharische Druck sowohl den Bela- the mould surfaces in contact with the
lens as         stungsdruck als auch. den Dichtungs- the monomer shrinks.
druck bereitstellt,. und ausreichend ist, 20           umr die unter Druck
stehende, durch die 16. A moulding apparatus according to claim 15 in
starre Schulter (25) geblidete Abdichtung which the male mould surface (14)
is formed         . wahrend der Polymerisation umr  den on the base (12) of
said first mould part (11)         Formhohlraum  aufrechtzuerhalten, um
spaced inwardly from the annular wall (13) of          die Unse von
jedwedem Gulgrat zu tren- the first mould part (11) so as to provide a   25
nen, wobei der Belastungsdruck ausrei- trough (15) within the. annular wall
(13) sur-         chend ist, urn die Formwerkzeugoberfa- rounding said male
mould surface (14).              .  chen in Kontakt mit der. Unse zu
halten, w~hrend das Monomer schrumpft; 17. A moulding apparatus according
to claim 16 in which the annular wall (13) on the first mould  3o  2.
Verfahren nach Anspruch 1, part (11) extends above said male mould sur-
bei dem die Patrizen- (14) und die Matrizen- face (14).
oberflache (19), die auf entsprechenden Form- werkzeugteilen (11, 16)
ausgeformt sind, so 18. A moulding apparatus according to claim 17 in
angeordnet sind, daB sie wier ein Schiebekol- which the annular wall (13)
of said first mould  35  ben und eine Zylindervorrichtung miteinander part
(11) is formed with a flange (22) at its     in Eingriff kommen, wobei
durch die Anwen- upper end onto which a sealing cover (34) may     dung von
superatmospharischem  Druck, der be sealed.
auf beide Formwerkzeugteile (11, 16) ausgeObt wird, die Patrizen- (14) und
die Matrizenober- PatentansprUche                              40
fliche (19) zusamnmengepreBt werden. 1. Verfahren zum GieBen einer
Kontaktlinse um-    3. Verfahren nach einem der AnsprUche 1 oder 2, fassend
die folgennden Schritte:                  bei dem ein Monomer in den
Formhohlraum - Flllen eines Formhohlraums (21) eines         (21)
eingespeist wird, w~hrend die Matrizen- Formwerkzeugs mit einem Monomer,
wo-  45     oberflkche (19) nach oben weist, und das bei der Hohlraum (21)
zwischen einer          Formwerkzeug umgedreht wird, so daB beim
Patrizenoberflache (14) und einer relativ    6ffnen des Forrnwerkzeugs die
Patrizenober- dazu  beweglichen  Matbizenoberfliche        flache (14) nach
oben weist. (19) ausgebildet ist, und wobel das Formwerkzeug ferner eine
starre Schulter  so  4. Verfahren nach Anspruch 3, (25) zum  Formen einer
randseitigen           bei dem beim Offnen des Formwerkzeugs die Dichtung
zwischen den beiden Form-           gegossene Unse auf der
Patrizenoberfl~che werkzeugoberflachen zurn SchlieRen des        (14)
aufgenommen ist und von einem Schal- Hohlraums (21) autweist, wobei zumin-
enteil mit elner ringformigen, Ober die Unse dest eine der
Formwerkzeugoberfilchen,  55    herausragenden Wand (13) umgeben ist, dem
nicht jedoch die Schulter (25),. unter Be-   Schalenteil ein
hydratisierendes Fluid zuge- lastungsdruck flexibel ist;
fflhrt wird, um die Unse zu hydratisieren, wah- rend sie auf der
Patrizenoberfllche (14) aufge- 81    
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Abdeckung (34) auf dam     15. Formvorrichtung zur Verwendung in einem er-
Schalenteil Ubar der Linse abgedichtet wird,      findungsgarnlBen
Verfahren nach einem der um elne verpackte Linse in dem Schalenteil zu
vorhergehenden Ansprtche, bilden.
wobei die Formvorrichtung ein Formwerkeug 5      umfaft, wobei das
Formwerkzeug ein erstes 5  Verfahren nach Anspruch 4,
Formwerkzeugteil (11) mit einer Patrizenober- bei dam das Abdeckteil (34)
auf eaner oberen      fliche (14), ain zweites Formwerkzeugteil (16) Kante
der ringfdrmigen Wand (13) abgedichtet      mit einer Matrizenoberflache
(19) und eine wird.                                             starre
Schulter (25), die sine randseitige Dich- 10     tung zwischen den beiden
Formwerkzeugober- 6. Verfahren nach einem der AnsprUche 1 bis 5,
flichen (14, 19) unter Dichtungsdruck bildet, bei dem die
Patrizenoberflache (14) flammen-      aufweist, wobei jades der
Formwerkzeuge (11, poliert ist, um das Zurickhalten der Unse auf     16)
eine Basis (12, 17) aufweist, auf der die der Patrizenoberflache (14) beirn
iffnen des      entsprechende FormwerkzeugobertlIche. (14, Formwerkeugs zu
unterstOtzen.             15      19) ausgebildet ist und sich sine
ringf6rmige Wand (13, 18) von der Basis (12, 17) nach 7. Verfahren nach
einem der AnsprUche 1 bis 5,        oben erstreckt, wobei die ringf6migen
Winde bei dam die Matrizenoberflache (19) flammen-      (13, 18) des ersten
(11) und zweiten (16) poliert ist, urn das Zur(ckhalten der Linse auf
Formwerkzeugteils so angeordnet sind, daB sie der Matrizenoberflche (19)
beim (Offnen des  2o  in Gleitpassung miteinander in Eingriff kom-
Formwerkeugs zu unterstUtzen.                     men, wobei die beiden
Formwerkzeugteile (11, 16) wie eine Kolben- und Zylindervorrichtung 8.
Verfahren nach einem der AnsprUche 1 bis 5,        bewegt werden k6nnen, um
das Formwerk- 6 oder 7,                                         zeug zu
offnen und zu schlielen, wobel zumin- bei dam nach dam Offnen des
Formwerkzeugs   25    dest eine der Formwerkzougoberfl~chen (14, die Linse
freiliegend auf einer Formwerkzeug-     19), nicht jedoch die Schulter
(25), unter Bela- oberflache'(14, 19) gehalten und einern zus~tz-
stungsdruck fleAxibel ist, lichen Behandlungsschritt an der frailiegenden
dadurch gekennzeichnet, daB auBeren Unsenoberfl~che unterzogen wird.
die Vorrichtung ferner einen Druckbehflter urn- 30     faBt, in dem das
Formwerkzeug wahrend der 9. Verfahren nach Anspruch 8,
Herstellung einer Unse aufgenommen wird, bei dam der zusitzliche
Behandlungsschritt        wobeli der Druckbehalter im Betrieb so ausge-
Tonen, Farben odor Bedrucken umfalt.              Iegt ist, daB auf das
Formwerkzeug superatmo- spharischer Druck ausgeUbt wird, wobei der 10.
Verfahren nach Anspruch 8,               3s       superatmospharische Druck
sowohl den Bela- bei dam  der zusatzliche Behandlungsschrltt
stungsdruck als auch den Dichtungsdruck be- die Bildung aines oder mehrerer
Locher (36)       reitstellt und ausreichend ist, um zu verursa- durch die
Dicke der Unse durch Anwendung          chen, daB die unter Druck stehende,
durch die sines kurzwelligen Laserstrahis umfa~t.           starre Schulter
(25) gebildete Abdichtung wah- 40      rend der Polymerisation urn den
Formhohl- 11. Verfahren nach Anspruch 10,                      raurn
aufrechterhalten wird, um die Kontaktlin- bel dem der Strahl ein
Excimer-Laserstrahl ist.   se von Jedwedem GuBgrat zu trennen, wobei der
Belastungsdruck ausreichend ist, um die 12. Verfahren nach Anspruch 10 oder
11,               Formwerkzeugoberflachen in Kontakt mit der bei dem aina
Mehrzahl von Lochern (36) gebil-  45  Linse  zu  halten,  wenn  des
Monomer det wird, um eine gesteuerte Porositat der        schrumpft. Linse
zu bilden. 16. Formvorrichtung nach Anspruch 15, 13 Verfahren nach Anspruch
10 oder 11,                bei dam die Patrizenoberflache (14) auf der bei
dam eine Mehrzahl von Ldchemn (36) gabil-  50  Basis (12) des ersten
Formwerkzeugteils (11) dot wird, urn ane gesteuerte StaWilitfit der Un-
ausgaformt und nach innen von der ringfomi- se bereitzustellen.
gen YWand (13) des ersten Formwerkzeugteils (11) beabstandet ist, um ainen
Durchgang (15) 14. Verfahren nach Anspruch 12,
innerhalb der ringf6rmigen Wand (13), die die bei dam aine gestauerte Dosis
eines Arznei-  55   Patrizenoberfliche (14) umgibt, beraitzustellen.
mittels oder einer anderen medizinischen Ver- bindung in die durch die
Locherbildung .ge-    17. Formnvorrichtuntinach Anspruch 16, formte
Porositit eingefihrt wird.                 bei dam sich die ringfBrmige
Wand (13) auf 9 I H*11111111111 III, 111111 tIll ..L   M   S  



dem ersten Formwerkzeugtoll (11) Ober die          phdrique etant effectu~e
sur les deux pares Patrizenoberflache (14) hinaus erstreckth (11, 16) de
moule tn poussant de ce fait les surfaces mule (14) et fu melle (19) de
moule 18 Formvorrichtung nach Anspruch 17,                  I'une vers
l'autre. bei dm de moutage  Wand en3e des orsten t Formwerkzeugteils (1)
mit einem Flansch (22)    . Procede solon l'une ou i'autre des revendica-
an ihremn oberen Ende, auf dem die dichtende       tions 1 ou 2, dons
loquel le monombre est Abdeckung (34) abgodichtet wurden kann, aus-
introduit dens ladite cavite (21) de moule pon- geformt (et.
dant qur la surface fe1ll4) de mo9   etoule est 10      orpentne  vers le
haut, et le moule est retoumn Revendlmatlons
de fapon qu'a l'ouverture du moule ladite sur- face male (1 4) soit
orientee vers; le haut.' 1. Procude de mortant  lentille de contact,
comprenant les etapes consistent a:            4. Procede'selon la
revendication 3, dans loquel, remplir de monourfre une cavlts de mou-  2
e I'ouverture du moule, la lentille moulde repo- lage (21) d'un moule,
ladite cavdta (21) ptant     se sur la surface mile (14) Ie moule entoure
entre des surfaces m  dle ( ue4) st femelle (IO) de  par un elment formant
cuvette ayant une pa- -moule mobiles l'une par rapport a l'autre- et
roli annulaire (13) qui fait saillie au-dessus de la ledit moule comportant
on outre un epaule-        lentille, un fluide hydratant est, fourni a
1'616- ment rigide (253 pour former entre les deux   zo      ment formant
cuvette pour hydrator la lentille surfaces de moule un element d'6tanch&%t
pendant qu'elle repose sur la surface male periphe.rique pour fermer la
cavite (21), au       (14) et un couvercle (34) est hermetiquement molins
une des surfaces de moule, mais non         ferme sur l'element formant
cuvette au-dessus l'epaulement (25), pouvant flechir sous une        de (a
lentille pour former dans la cuvette une pression de charge;
25      lentille conditionn6e. former ladite cavit4 (21) de moule, ladite
cavit6 6tant remplie de monombre;      -. Procede solon la revendication 4,
dans lequel polymeriser le monomere tout appliquant        le couvercle
(34) est hermetiquement formr une pression d'etancheite pour rdaliser un
joint   sur le bord superieur de ladite parol annulaire d'6tanch6it4
comprim6 contre N'4paulement ri-  30  (13). gide (25) et une pression de
charge pour faire fl6chir une des surfaces de moule afin de      6. Proced6
selon l'une quelconque des revendi- maintenir les surfaces de moule au
contact de      cations 1 & 5. dans lequel la surface mSle (14) la lentille
& mesure quo le monomrre se            est polie A la flamme pour faciliter
le maintien contracte pendant la polymerisation, caract6ri-  35  de la
lentille sur la surface male (14) lors de se en ce qu'une pression
sup~rieure a la pres-    l'ouverture du moule. sion atmospherique dans un
recipient sous K>      pression est appliquee audit moule, ladite      7.
Proced6 selon l'uno quelconque des revendi- pression sup6rieure a la
pression atmospheri-      cations 1 a 5, dans loquel la surface femelle quo
realisant A la fois ladite pression de char-  40  (19) est polio A la
flamme pour faciliter le go et ladite pression d'6tanch6it4, et est suffi-
maintien de la lentille sur la surface femelle sante pour amener ledit
joint d'etancheite corn-   (19) lors de l'ouverture du moule. prlme forme
par I'6paulement rigide (25) a 8tre maintenu autour de la cavite du moule
tout au  8  Proc~dd solon l'une quelconque des revendi- long de la
polym6risation pour s~parer la lentil-  45  cations 1 a 5, 8 ou 7, dons
lequel, aprbs le de contact de touto bavure 6ventuelle, et la   l'ouverturo
du moule, la lentille reste exposde pression de charge & Otre suffisante
pour          sur une surface (14, 19) de moule et est sou- maintenir les
surfaces de moule au contact de      mise & un traitement supplementaire
sur la la lentille & mesure quo le monombre se            surface
extdrieure exposee de la lentille. contracto.
50 9. Proc&d6 solon la revendication 8, dans lequel 2. Proc~d6 solon la
revendicatlon 1, dans lequel      ledit traitement supplementaire consiste
a toin- les surfaces mile (14) et femelle (19) de mou-    ter, colorer ou
imprimer la surface de la lentil- le sont form6es sur des parties
respectives        le. (11, 16) de moule congues pour venir l'uno   55
contre l'autre a la maniere d'un dispositif a   10. Proc d4 solon la
revendication 8, dans lequel piston coulissant et cylindre, ladite
application  ledit traitement suppl6mentaire comporte la d'une pression
supdrioure a la pression atmos-     formation d'un ou plusieurs trous (36)
dans 10             (ls t11lu  ll 1ll   
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lentille par application d'un    (25) a 6tre maintenu autour de la cavit6
du faisceau laser & courte longueur d'onde.           moule pendant toute
la polymdrisation pour separer la lentille de contact de toute bavure 11.
Proc6d6 solon la revendication 10, dans lequel    dventuelle, et la
pression de charge a Otre ledit faisceau est un faisceau laser excimer.  5
suffisante pour maintenir les surfaces de mou- le au contact de la lentille
a mesure quo le 12. Procedd solon la revendication 10 ou la reven-
monombre se contracte. dication 11, dans lequel une pluralite de trous (36)
sont formds pour obtenir une porositd     16. Dispositif de moulage selon
la revendication voulue de la lentille.                     10      15,
dans lequel la surface mile (14) de moule ost formde sur la base (12) de
ladite premibre 13 Procd6 saelon la revendication 10 ou la reven-
partie (11) de moule espacee, vers l'intdrieur, dication 11, dans lequel
une pluralite de trous    de la parol annulaire (13) de la premibre partie
sont formes pour obtenir une durabilite voulue     (11) de moule afin de
realiser un chdneau (15) de la lentille.                           15
dans la parol annulaire (13) entourant ladite surface mile (14) de moule.
14. Procedd selon la revendication 12, dans lequel une dose voulue de
medicament ou autre         17. Dispositif de moulage solon la
revendication composition medicamenteuse est introduite          16, dans
lequel la paroi annulaire (13) sur la dans les pores obtenus par la
formation des  20    premibre partie (11) de moule s'etend au-des- trous.
sus de ladite surface mile (14) de moule. 15. Dispositif de moulage
utilisable dans un proce-  1& Dispositif de moulage selon la revendication
dd solon l'une quelconque des revendications       17, dans lequel la parol
annulaire (13) de ladite prdcddentes, lequel dispositif de moulage   25
premibre partie (11) de moule comporte & son comporte un moule, ledit moule
possddant une       extrdmit6 superieure un rebord (22) sur lequel premiere
partie (11) de moule ayant une surfa-     pout Otre fixe un couvercle de
fermeture her- ce mile (14) de moule, une seconde partie          mdtique
(34). (16) de moule ayant une surface femelle (19) de moule et un
epaulement rigide (25) qui  3o constitue un joint d'6tanchditd pdriphnrique
en- tre les deux surfaces (14, 19) de moule sous Ileffet d'uno pression
d'etancheite. chacune desdites parties (11, 16) de moule ayant une base
(12, 17) sur laquelle est formee la surface   35 respective (14, 19) de
moule et une paroi annulaire (13, 18) qui s'dtend vers le haut depuis la
base (12, 17), les parois annulaires (13, 18) des premibre (11) et seconde
(16) parties de moule dtant conques pour venir  40 I'une contre l'autre par
ajustement glissant, grace & quoi les deux parties (11. 16) de moule
peuvent se deplacer comme un disposi- tif a piston et cylindre pour ouvrir
et former le moule, au moins une des surfaces (14, 19) de   45 moule, mais
non l'6paulement (25), pouvant flechir sous une pression de charge,
caractdri- sa en ce quo le dispositif comporto en outre un recipient sous
pression dans loquel ledit moule est loge pendant la formation d'une   5o
lentille, ledit recipient sous pression etant congu pour appliquer audit
moule, en fonction- noment, une pression supdrieure S-.la pression
atmospherique, ladite pression supdrieure a la pression atmosphdrique
r6alisant a la fois ladi-  55 to presslon de charge et ladite pression
d'6tan- chditd. et etant suffisante pour amener ledit joint comprimd forme
par l'epaulement rigide 11~~~~- 1          M|1| 11|1ll1111 11|    


