-1- . - 2237240 CONTACT LENS CAST NéULDING METHOD AND PACKAG NG The
i nvention relates to. cast contact Ienses and nore particularly to
met hods for produci ng and packagi ng such_ cast contact | RS T tE ul di ng

is a knowmn nethod for the production of tontact lenses. It offers
considerable quality and cost advantages over other nethods such as |athing
and/ or spi n-castiA i Sqc A Sl eneq am: QL O LR | R cast

nmoulding it is inpo g 5 5 2 e noul d pi eces
in order to prevent the | oss of volatile conmponents from nononer used to
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existing nethods. the nould, pjeces are eneral | hel d ,toget her bz

mechahi c@aTetfilar i ,Eoeme $of %ir PRE4 g‘rénﬁmﬂ’%ﬁ/p?%%’é%ghﬁ? rsé’lcjk cast
resul ti ngcomtadeveensesling loads. It is also difficult to design noulds
where sufficient pressure is applied to the nould parts at the seal qué”
bet ween the nould parts so as to separate the nononmer in the lens cavity~
from any Gaskesmomddimgr isi ahknowni seithosti for otheapmoduetiosns of contact

| mper feCligng@de Sl Soffeyl! dondipiBaEpILeRaRRAY 4Ral | dokBSPRM 4R0adEs
needed to separate reject from good .nSﬁE. rlqg cast, noulding it [ s also
i npor t antOY®F cOkBeRs Medhogs rﬁ#f%?m?ss ARG NF/OF SRARCIRL G- t hEt 1s
pol yreri sa gi §hlyngepeatabiei process.to prevent the formation of voids or
bubbles in the lens due to cavitation effect. To reduce this problem

exi sting nethods are known which provide one of the nould pieces w th a
fl exi bl e During whsthmosdidingsett isurimpopbanbetiosaaintaim har a9pesd esgal

al | oW MNGIERebhOMRe GREGYRI pidtdd Y i) bRAeOULY Igrdveit Padle | Nbest hee
l eng:cavity_due_ to suction effect of shrinkage _and ot her systens allo %he
moul d SurfeLatile FETRORGRESISE AR TORPREF U480, LA,GTaim EAScIERs R e °

the flexiptevidd antleirredge probolle dostthd ddw: Théms ) S Using epkhseimot
SHEet Enlﬁégﬁégé97the mould pieces are generally held together by
mechanical means. . However, during curing the mould pieces'may
relax resulting in uneven Sealing_loads. It is also difficult

to design moulds where sufficient pressure is applied to the
mould parts at the seal line between the mould parts so as to
separate the monomer in the lens cavity £from ény excess
monomer which is displaced into flash cavities. Imperfectly
made seals result in damaged lenses and costly inspection is
needed to separate reject from good lenses.

> During cast moulding it is also important to compensate for
monomer shrinkage which occurs during the polymerising curing
process in order to prevent the formation of voids or bubbles
in the lens due toldavitation effect. To reduce this problem
existing methods are known which provide one of the mould
pieces with ~a flexible rim which collapses during
polymerisation. Other systems allow monomer from a reservoir
cavity in the mould to flow back into the lens cavity due to
suction effect of shrinkage and other systems allow the mould
surfaces to move towards one another under suction effect.
However, the flexible rim and reservoir methods disturb the

Vi

A,




L]

-2- seal- and reject |enses or |lenses requiring edge polishing result. An
advant age of nould surface novenent over other nethods is that it does

al fow the seal line to be naintained intact but the mould shells nust be
careful |y designed to collapse evenly under suction forces. Vari ati ons
In mould thickness, material or cure tenperature will affect nould
stiffness and hence the rate and amount of coll apse. The nononer
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retaining nmould half Anot her nethod for retaining This is_the re acenent
sheet Date:%Q/ 8rg7of the mould pieces by the provision of snat rings
but generally the separation process is carried out manually

and is costly.

During cast moulding the lens will, after curing, tend ¢to
adhere to one or other of the mould pieces in a random manner
unless the moulds are designed to hold the 1lens on one
specific half. There are procéssing advantages in being able

k/ ~ to control or define on which mould half the lens will be held
' when the mould pieces are separated after curing. Moulds
which rely on flexible rims to compensate for monomer
shrinkage will tend to retain the lens on the mould piece
which has the rim. This is because the rim deflects generally
into the 1lens cavity where the monomer hardens around it.
While this process can, to some extent, be relied upon to fix
~the lens on one half, the net effect of the rim is to deform
the edge of the lens resulting in inconsistent edge profiles,
reject lenses and edge polishing even of the acceptable lenses
i.e. those which have not been damaged by mechanical removal
from the retaining mould half. Another method for retaining
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-3- the lens on one specific nmould piece is to create a returnon the”edge
of the lens cavity in such a way as to wedge the hard |l ens. For exanple .a.

| ens cavity on the concave nould nay have a returned edge profile which o
will retain the hard Il ens. Unfortumagely this creates considerable
constraints on the design of the |lens edge profile and the creation of
relatively thick unconfortable I ens edges. During the process of cast
nmoul ditle Lems adon ob&tamaclﬁng/maniﬂrmn@@ebesttnt@GQ@taxﬂ(i#tmmn offhere -
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skill if rejects are to be minimised.

During the process of cast moulding it may be desirable to
carry out some form of work on the lens such as surface
treatment. There are cost and quality advantages in carrying
out these operations while the lens is still captive on one of
the mould pieces but it is necessary to be able to guarantee
on which mould half the lens is retained.

During the process of cast moulding the lens is handled in a
number of different containers as it undergoes inspection, v/
power measurement, extraction, hydration and transfer to the
final pack, generally a glass vial. There can be cost and
quality advantage if these operations can be carried out in
the mould which is also a main component in the final pack.
There are also advantages if the mould piece forming part of
the pack is of such design that the 1lens is properly
orientated and accessible for ease of removal by the'usez_'.
This may be achieved by offeting the lens with the convex
surface uppermost. Alternatively there may be advantage in
providing a "basket"™ or carrier device within the pack which
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Dat ex24/.6/ 97 '-4- contains the lens and which is accessible to the user
t hereby naking | ens renoval fromthe p_gcg easy. During cast nmoulding it is
extrenely inportant to protect the opticdl surfaces of the nmoul d pieces
since/ the slightest danage mark will be transferred to the lens resulting
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with soft objects. Is an object of the present invention to provide an
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the lens, applying a drug or other nedication to the lens so that the
dosage taken up by the lens is determined by the extent of porosity forned
and the cdtcedssr agonobiecte @fugtbe npuesentoninventienl i kg tProvide iana
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This is the replacenent sheet - Date: 24/ 6/ 97
It is a further object of the present invention to provide an
improved method in which the cast lens is supported on one of
the mould surfaces when opened and an effective package is
formed by sealing the lens in a container formed by part of
the mould.

The present invention provides a method of cast moulding a
contact lens comprising polymerising a monomer in a mould
cavity between a male and female mould surface, opening the
‘mould to expose the cast lens while supported on one of the
mould surfaces, perforating the lens by application of laser
beams from an -excimer laser to provide a controlled porosity
of the lens, applying a drug or other medication to the lens
so that the dosage taken up by the lens is determined by the
extent of porosity formed and the concentration of the drug or
medication, and sealing the lens in a package by sealing a
cover member onto the part of the mould supporting said lens.

The present invention also provides a package comprising a
hydrated closed cast lens formed by the above mentioned
process.
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-5- The foll ow ng description al so dlscloses ‘apparatus for cast: nmoul dimg a
contact lens by a nethod as aforesaid. This apparatus conprises a,
two-part nmould wherein a male nould surface is provided in a cup nenber and
the femal e nould part is provided_og a piston menber slidable within said
cup nenber. The cup nmenber may be provided with an outwardly projecting

fl ange such that the upper surface of the male nould nenber |ies belowthe
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Presgilhe.f USSP dgfdection of one of the mould surfaces maintaining the
surfaces In contact with the | ens mononer as it shrinks during

pol ynerisation. Attention is also drawn to British patent application No,

gOZfi&Qtéxﬂl%a\gelmffw& £ar peitich paténd) appldqeibmgiel V824259 .8 )
et hdFoste o HBItR, R FEreto tas | BR050dmFEoRn R ALEh RS, TBfefeBt T T |
a mappldmatiiprbetismera a diarisionall sthéxeef; n whichstdescribesrtandd a
fenalc%_a%g da method of cast moulding a contact lens comprising
polymerising a monomer in a mould having a mould cavity
between relatively movable male and female mould surfaces and
a rigid shoulder for forming a peripheral seal between the two
mould surfaces to close the cavity, at least one of the mould
surfaces being flexible under a loading pressure, said method
being characterised by closing said mould cavity with monomer
£filling the cavity, applying a superatmospheric pressure in a
pressure vessel so that said loading pressure acts on the
mould surfaces and forms a pressurised seal around said rigid
shoulder, subsequently curing the monomer whereby said loading
pressure causes deflection of one of the mould surfaces
maintaining the surfaces in contact with the lens monomer as
it shrinks during polymerisation.

Attention is also drawn to British patent application No.
9025556.3 (Page White & Farrer ref: 66732) a co-pending
divisional application from application NO. 8924259.8, which
describes and claims a method of cast moulding a contact lens
comprising polymerising a monomer in a mould cavity between a
male mould surface in a first mould part and a female mould
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this:the repl acement sheet Date: 24/6/97 -6- surface in a second noul d
part, opening the nould to expose the cast l'ens while supported on said
make noul d surface, and sealing the lens in a package by sealing a cover
menber onto said first nould part. An enpodi ment of the invention will now
be deScribed by way of exanmple and with Teference to the acconpanyi ng

drawi ngs in which: Figure 1 shows a cross-section of a nmould assenbly prior

to locatigaredca arr{eSasursedb@ﬁise&oﬁm ib‘aQ't' n @péfei mypdtak Qn&ﬁildmﬁbd' os®
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Ishown ijn Seglingl the dless 3mhca\/\@ad1mgmhlbyl sea;ltthlgy mfcﬁg?rnﬁﬁbehelrbéuto
ocated i r S Figure 4 shows a first part of the nou
assenbl y %?fﬁuggfég ﬁoﬁ?ﬁ §g§§§t | ens after inversion and the nould is
opened, -Figure 5 shows a seal ed package with a hydrated cast lens forned in

aCCOfda{“%ane{nBohEﬁeh%V% b GV i) rodHeBaaberigbiChHial RfFor

perforated | enses I n_accqordance with the 1nvention. This exanple’rel

the for ne®¥BRPSP ARG sWiddht ZRECFeRSeh o MPfer REFRPPANHA RGN T 2Wing oy
cavity bewmgen:a male nmould surface in a first mould part and a fenal e
moul d surface in a second nould part. In the drawings the first nould part
11 conprises a cup nmenber having a base 12 surrounded by an annul ar wall
13. TheFigure Inoshowssar feress-4siectionf ofneal menidaldssemblyhepbier 12
spaced a agn th nylargt r egQ on, . S
ormed beracasihe th & | RrReRre  VRsERl  Fops e fala | nitieg B Odalt
moulding a contact lens in accordance with the present

~ invention,
Figure 2 shows an enlarged view of a seal between the two
mould parts of the apparatus shown in Figure 1,
Figﬁre 3 shows the mould assembly of Figure 1 when located in
a pressure vessel,
Figure 4 shows a first part of the mould assembly of Figure 1
with a cast lens after inversion and the mould is opened,
Figure 5 shows a sealed package with a hydrated cast 1lens
K/ formed in accordance with the invention, and

Figures 6, 7 and 8 show alternative perforated lenses in
accordance with the invention.

This exainple relates to the formation of a cast contact lens
by polymerising a monomer in a mould cavity between a male
mould surface in a first mould part and a female mould surface
in a second mould part. In the drawings the first mould part
11 ccmprises a cup member having a base 12 surrounded by an
annular wall 13. The male mould surface 14 is formed
centrally on the base 12 spaced away from the annular wall 13
so that ‘an annular trough region 15 is 'fqrmed between the
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-7- annular wall 13 and the nmale nould surface 14. The second +ould part
16 is also. cup shaped in that it has a base 17 surrounded by an annul ar,
wall 18. The fermale nmould surface 19 is forned centrally on the base
region 17 and i s again spaced away fremthe annular wall 18 by a flat
annul ar region 20. The annular wall 18 of the second nould part 16 is
arranged to forma close sliding fit inside the annular wall 13 of the

first annhdawarwaml 13I naidi theaymébe nmouldusdrpaces 1By benéi td&sbna
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or deflect during the i%/merlsatlon operation when pressure is pﬁled to
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pol yprg{gﬂ«gggs, The annular wall 13 of the first mould part 11 has
an annular flange 22 at the end of the annular wall 13 remote
from the base 12.

The wall members forming the male mould surface 14 and female
mould surface 19 are sufficiently rigid that they do not
substantially deflect under suction caused by shrinkage of
monomer within the cavity 21 but can be deflected to keep in
contact with shrinking monomer on application of a selected
loading pressure' wh:i.ch' can be achieved by applying s
superatmospheric pressuie to the mould halves in a pressurised
oven or other pressure vessel. The female mould surface 19 is
surrounded by a rigid shoulder 25 shown more clearly in Figure
2. The rigid shoulder 25 abuts the male mould surface 14 to
form a reliable seal between the two mould surfaces and one
which_ does not distort or deflect during the polymerisation
operation when pressure is applied to th'e two mould halves.

The mould pieces shown in Fiéure 1 are in this example
1n:|ect10n moulded from a suitable plastic material such as

POlypropylene .
S
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Date:24/6/97 " -8- In use liquid nononer is supplied into the concave
surface of the female nould surface 19 while the surface is facing
upwardly. The upper nould half is then cl osed downwardly onto the | ower
nmould half as shown in Figure 1 until- ghe nale surface 14 touches the
rigid shoul der 25 with the male nould half 11 uppernost. Any excess liquid
nmononer i s squeezed out between the optical surfaces of the nmale and
fenmal e nmoul Bnpuses Jiawid osomen| 45 suppdieds it asthe cereave hsuofacehof

holes 24. Tiweaspgidly imod N &lm ' r1t90 #hANRS S ¢he vgaiehcafi 43 Sff%wflngn

Figure 3. Pressure inside the vessel hen_ i ncreased by _appl |cat|on 0
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and forns ahdpegi g4, preventing escape of volatile conponents fromthe |ens

monomer in the mould cavi ty. Furthernore, this application of

super at nospheric pressure inside the vessel 26 ensures that a satisfactory
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noul d surfaocfs0t®? tef Lebaraabove atmospheric. In particular the male and
female mould surfaces 14 and 19 are urged towards each other
by the applied pressure as indicated by arrows 30 and 31. The
engagement force between the two mould halves is concentrated
adjacent the shoulder 25 due to the relatively small surface
area of engagement and thereby an effective seal is produced.
‘This seal results in a clean edge to the lens and forms a
barrier preéenting escape of volatile components from the lens
monomer in the mould cavity. Furthermore, this application of
superatmospheric pressure inside the vessel 26 ensures that a
satisfactory 1loading pressure 1is applied to the male and
female mould surfaces 14 and 19 so that they are caused to
deflect as the 1lens monomer shrinks in volume during
polymerisation. 1In this wéy the optical surfaces of the male
and female mould parts remain in contact with the monomer as
it changes from liquid through gel to a solid. This avoids
. the problem of cavitation of the monomer as it shrinks. 1In
this way the applled superatmospherlc pressure creates a more
effective seal and causes the mould surfaces to deflect and
remain in contact with the monomer in a way which would not
have been possible reiying upon suction forces from the:
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remain in contact with the nonomer in a way which would not have been’,
possi bl e relying upon suction forces fromthe This is the replacenent sheet
Dat e: 24/ 6/97 -9- shrinkage of the nononer al one. The desi gn,
thickness and process control necess@ry in making the wall thicknesses for
the mal e -and femal e nould parts of this enbodinent are nmuch | ess sensitive
as their resistance to novenent does not need to be made to match the
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th [ optlc surtace exposed for any further treatment steps. In
the exanpl e shown in Figure 4 an optional printing head 33 is | ocated above
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a hei gmalabmhdnepm efcmbusubseware‘é mtogsssnas After treatment in
the pressurised oven 26 shown in Figure 3, the mould is
jnverted and the two halves separated. The mould half 12 is
removed so that as shown in Figure 4, the cast lens 32 remains
on thé male mould surface 16 in the cup member 13 below the
level of the flange 4. In this way the cast 1lens is
conveniently held with its outer 'optical surface: exposed for
any further treatment steps. In the example shown in Figure 4
"an optional printing head 33 is located above the cast lens so
that any print treatment can be effected on the outer lens
surface. The subsequent processing when the lens is held in
the position shown in Figure 4 may additionally or
alternatively include app_lication of tint or colour to the
front surface of the lens. The front surface of the lens 32
in this sense is the convex surface. As can be seen from
Figure 4, the annular wall 13 of the mould part 11 extends
upwardly to a height above the male mould surface 14 so that
when the mould is opened the flange 22 at the upper end of the
annular wall 13 1lies above the lens 32 formed on the male
mould surface. As the lens is held within the cup 13, the
mould and lens can be accurai‘.ely'positio_ned without risk of
damage which might occur if the lens were separate from the




when, the noul d is opened the flange 22 at the upper end of the annular wall
13 l.ies above the lens 32 formed on the male nould surface. As the lens

is-held within the cup 13, the nould and | ens can be accurately positioned
wi t hout risk of danmage which might occur l0f the | ens were separate fromthe
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present invention, the process produces high quality Ilenses such that
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100% 1lens inspection which is normal in the 1lens industry.
This will result in lower cost 1lenses of at least equal
quality to those produced in inspection intensive processes.

Finally a removable 1id 34 is sealed onto the flange 22 of the
mould part 11 so that the lens 32 and saline solution 35 are
sealed within the package. Both the lid material and the seal
have sufficiently good barrier properties to ensure that the
packaging solution does not deteriorate over a substantial

) time. The materials selected for the package shown in Figure
5 are capable of withstanding conditions of sterilisation such
as autoclaving. | '

In use, the 1lid 34 may be peeled away from the cup member
holding the 1lens 32. When the 1id is removed the saline
solution may be poured out of the package and this may be done
leaving the lens 32 held in position on the male mould surface
l14. This is particularly advantageous in that the orientation
of the 1lens is therefore predetermined in relation to the
package position and makes it much simpler' to extract the lens
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holding the |ens 32. Wien the lid is renoved the saline solution my
be poured out of the package and this nay be done leaving the |lens 32 held
in position on the male nould surface 14. This is particularly advantageous.#
in that the orientation of the lens,,is therefore predetermned in

relation to the package position andtnakes it rmuch simpler to extract the
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such ag}'&? s MaY b £Nghb VIR | B5QigReas ardigid | €8T maeemndulenk t he
chem ?1;? on sltsg'\r,ﬁyare able to perforat egthe ast Iggs lvm'tho t_nelting or

causi BUTEREEW 14 algn assighs i FempRing f €8 eNfhi §TBr odts s
lknownpgékaaat ?&bﬁtﬁ&toﬁﬁif{sfxﬁméi suffitient apece caroyndpghecdienen of
aser beans pof short wavel engt rJ orte p e t isQNs h form
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t he | eemoviende tfrem whel gpackage.unaccept abl e di sconfort to the wearer. of - |
the lens.” Figures 6, 7 and 8 show alternative perforation patterns which\e/

may be fornmed by use of an exciner |aser. Such perforations may Qe
benef Asi @Already rigscr Hed netbRy dens; r‘aﬁls‘ﬁ‘i‘lé%‘??ﬁegr tBe H?Eef‘ﬁqaitl’ﬁbglf he

| ens. aTha ypsibaly a6 peRét helesl byhappl katiiowropvas laiselr ddam duwh oxygen
flux, atsea;f lsg\[:v&:'t dvlija{w?ebiéﬁéi).(h arelgicc\é%tegrabialnéézy beam. Such laser beans
break the chemical bonds and are able to perforate the cast
lens without melting or causing flow or debris or other
thermal effects. This process is known as photoabulation
decomposition. It is achieved by application of laser beams
" of short wavelength during short pulse durations. These form
perforations which avoid any burr or ragged_ edge to the holes
or grooves in the lens since they would cause unacceptable
discomfort to the wearer of the lens. Figures 6, 7 and 8 show
alternative perforation patterns which may be formed by use of \J
an excimer laser. Such perforations may be beneficial in
improving the oxygen transmission or permeability of the
lens. The number and position of the holes or grooves will
alter the oxygen flux, tearflow, durability and wettability
characteristics of the final lens. The lens designer may
therefore optiﬁiée the performance of the lens by suitable
formation of perforations. In this example the holes 36
formed by the laser beam are each sqﬁare holes approximately
150 microns in size. They may.be' used to cover the whole lens
area stopping short of the periphe_ry thereby maintaining the
integrity of the lens edge as shown in Figure 6.
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characteristics of the final |ens. The | ens designer may therefore
opti-mise the performance of the lens by suitable formation of
perforations. In this exanple the holes 36 forned by the | aser beam
are each square holes approximately 15Q2ri<crons in size. They nmay be used
to cover the whole lens area stopping short of the periphery thereby

mai ntaining the integrity of the lens edge as shown in Figure 6.
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supplied to the cup in which the lens is supported. The lens
may be treated so as to form a controlled degree of
perforation with absorption of a controlled drug gquantity so
that when sealed as in Figure 5 the package comprises a
controlled dosed lens. In this way controlled doses of drugs
may be prepackaged in the disposable lens format.

The formation of perforations as described in Figures 6, 7 and
8 by use of an excimer laser may be applied to cast contact
lenses which are made by processes and apparatus different
from that described with reference to Figures 1 to 5.

The method of cast moulding a contact lens as described above
is advantageous in permitting the wuse of monomers which
require ultraviolet curing or other non-thermal curing as well
as monomers which are cured by heat treatment. It will be
understood that when using heat treatment to effect curing,
the mould surfaces develop a lower resistance to deflection
during’ shrinkage of the monomer. However, when using monomers
' which do not require thermal curing, the mould surfaces will
retain a higher resistance to deflection and the forces

developed by monomer shrinkage alone would be
TG



requite ultraviolet curing or other non-thermal curing as well ‘as nmononers

which are cured by heat treatnment. It will be understood that when using-
heat treatment to effect curing, the nould surfaces develop a | ower
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The flow of saline solution will release the lens and by tilting the nould

to an upright or inverted position before renoval of the saline solution
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sides of the lens. In order to release the lens from the
mould and control which surface supports the 1lens after
release, the mould may be partially opened to increase the
cavity between' the male and female surfaces and saline
solution passed through the cavity by introducing the solution
through one port 24 and exhausting the solution through
another port 24 while the mould is tilted. The flow of saline
solution will release the lens and by tilting the mould to an

upright or inverted position before removal of the saline

solution the released lens will come to rest and be supported
on either the male surface or female surface as required.
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-14- .CLAIMS' 1. A nethod of cast moul ding a contact lens conprising
pol ynerising a nononer in a nould cavity between a nmale and fermal e noul d
stirface, opening the nould to expose 1 cast |l ens while supported on one
of the mould surfaces, perforating the |lens by application of a | aser beam

to prongﬁEE@EﬁﬁgtrOIIEd porosity of the lens, applying a drug or other
medi cat i he lens so that the dosage taken up by the lens is

determ ned by the extent of porosity formed and the concentration of the
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aser i s an exci r. laser.” Thi is the rep] acepent sheet Date:
| - conceﬂ%ra ion o£ the arug or me51cat{§h, and sealing the lens

in a package by sealing a cover member onto the part of the
mould supporting said lens. ' ' '

2. A method according to claim 1 wherein said 1lens is
hydrated after said dosage with drug or other medication.

3. A package comprising a hydrated dosed cast lens formed by
the process of claim 1 or claim 2.

4. A method according to claim 1 wherein on opening the said
mould the cast lens is supported on a male mould surface
‘'surrounded by a cup member having an annular wall projecting
above the lens, hydrating fluid is supplied to the cup member
to hydrate the lens while supported on the male surface and a
cover is sealed onto the cap member above the lens to form a
packaged lens in the cap member.

5. A method according to any one of claims 1, 2 or 4 in which
said laser is an excimer laser. '
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