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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 any 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
K/, monomer shrinkage which occurs during the polymerising curing
process in order to prevent the formation of voids or bubbles
in the lens due to cavitation 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
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seal and reject |enses or |enses requiring edge polishing result’ zAn.
advant age of noul d surface novenent ower; @t her nethods is that it does
allow the seal line to be nmaintained intact but the nmould shells nust be ~
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but generally the separation process is carried out manually

and is costly.

During cast mouldihg 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 lens on one
specific half. There are processing advantages in being able
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 o’
shrinkage will tend to retain the lens on the mould piece

which has the rim. This is because the rim deflects generally
into the lens 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 édge'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 retaihing mould half. Another method for retaining
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I .e. those whi ch have not been damaged by nechani cal renoval fromthe
retai,ning mould hal f. Another method for=rétaining This is the replacement
sheet Dat e: 26/ 3/ 98 the-l ens on one specific nmould piece is to create a
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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 p1eces but it is necessary to be able to guarantee
_on whlch 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,
Y power measurement, extraction, hydratlon 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 lens is properly
orientated and accessible for ease of removal by the user.
This may be achieved by offering 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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the pack is of such design that the lens i's: properly orientated and

accessi ble for ease of renoval by the user: Thi's may be achi eved by
offering the lens with the convex surface uppernost. Alternatively there _
may be advantage in providing a "basket" or carrier device within the pack )
which This is the replacenent sheet _Date: 26/3/98 -4- contains the |ens
and which is accessible to the user thereby making | ens removal from'the
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It is an objedt of the present invention to provide improved u
apparatus and methods for cast moulding contact lenses. '

It is a further object of the present invention to provide
an improved apparatus in which a sealing cover may be sealed
over one of the mould halves to form a package.

The present invention provides a method of cast mdulding a
contact lens compri_.s:i.ng 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
peripherai 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 U
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. '

Preferably the male and female mould surfaces are formed on
respective mould parts arranged to engage each other as a
sliding piston w. said application of the
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and second noul d parts being arranged to engage each other as a sliding fit
whereby the two nould parts nmay be noved as a piston and cylinder device to
open and cl ose the nould, the annul ar mall of said first nould part being
formed with a flange at its upper effd2offto which a‘sealing cover may be
seal ed, at |east one of the nmould surfaces being flexible under externally

applledae ressure Pr.ef er abl o] ul d rface S
or e 4 Hene REPHI S, BEGPPUFS, peifos AP Yed cbe) RRbPamP bt AEs
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annul ar gwahl otdyoundi ng said male mould surface. Preferably, the nale

moul d surface is formed on the base of said first nould part. spaced
inwardly fromthe annular wall of the first nould part so as to provide a
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British : l&REl. i on No. 9025556. (Page White & Farrer ref: 66732), a
divisioﬁ%%hggél|ca#é¥¥7ron1the present application, which describes and

claims a method of cast mpulding a contact |ens conprising polymerising a
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shoulder which forms a peripheral seal between the two mould
surfaces, each of said mould parts haVing a base on which
the respective mould surface is formed and an annular wall
extending away from the base, the annular walls of the first
and second mould parts being erranged to engage each other
as a'sliding fit whereby the two mould parts may belmoved as
a piston and cylinder device to open and close the mould,
the annular wall of said first mould part being formed with
a flange at its upper end onto which a sealing'cover may be
sealed, at least one of the mould surfaces being flexible
under externally applied superatmospheric pressure.

Preferably the male mould surface is formed on the base of
said first mould part spaced inwardly from the annular wall
of the first mould part so as to provide a trough within the
annular wall surrounding said male mould surface.

Preferably, the male mould surface is formed on the base of
said first mould part spaced inwardly from the annular wall
of the first mould part so as to'provide a trough within the
annular wall surrounding said male mould surface whereby the
sealing cover may be sealed onto said flange after formation
of the lens so that the lens is supported on the male mould

“‘ﬁﬁ‘iiﬁ‘li‘iitﬁﬂi"f"‘!in

surface below said cover.




application fromthe present application, which describes and clainms a .

nmet hod of cast noul ding a contact |ens conprising polynerising a nonorer in,
a nmould cavity between a nale and fenal e nould surface, opening the nmould” .
to expose the cast |ens while supportgd-on one of the nould surfaces,
perforating the |l ens by application of |aser beans froman excinmer |aser to.
provide a controlled porosity of the lens, applying a drug or other
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t he acconpanying draw ngs_i.n Which: Figure 1 shopws a crQss-section of a
moul d 8sFORSMEIH iy a t BORSEaCAYA Y b:?tg‘fe@hﬂ emﬁﬁgsgf’uﬁ'ar ng:%apﬁ dtd* dance
vw7t hF_t ?&r@'tg%&ﬁild &R | iﬂﬁd sgifsgxﬂ'aad ;m:umal sumeéb theel sewiond ol d8

-7- Figur shows, an arge ew. o e et |.d. parts
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Flhgur esliadppbe*ltédocnn eshid mapecmould \smusface Fiandeseaihngs thef ilens pint of

t he noy Ris | nm}g:t red M a‘%ir{;he
nmoul d Pspsgz‘%%? i%]lcjeraehg*bg%ovj\c/swaéé;ea e paac ageﬁv%fhﬁé%(ﬁ%% cast | ens

formed in accordance with the invention, and Figures 6, 7 and 8 show
al ter l”ﬁft't\éfxtlt&%&ﬂ‘ of at ﬁél%sn&ﬁ?am&l s OBFARGRHN pRtehe | aypDitevionhiNo.
exanp Soggs%se.s‘s to(Ptagee %r{%g 02 o%a%rg%strgg?t a&%ﬁ??? a divisional
application from the presen{: application, which describes and o/
claims a method of cast moulding a contact lens comprising,
polymerising a monomer in a mould cavity betweén 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 laszar
to provide a controlled porosity of the léné, applying a drug
or other medication to the lens so that the éosage taken up by
the lens is determined by the extent of porosity formed and
" the concentration of the drug or medidation, and sealing the
lens in a package by sealing a cover member onto the part of

the mould supporting said lens.

Some embodiments of the invention will now be described by way
of example and with reference to the accompanying drawings in
which: -

Figure 1 shows a cross-section of a mould assembly prior to
-location in a pressure vessel for use in accordance with the
present invention,
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by polynarisrng a nonomer in a moul d cavity between a nmale nmould surface in
a first nould part and a female nould surfdce in a second nould part. In
the-drawings the first nould part 11 conprises a cup nember having a base

12 surround%' é an aqnular wal | 13. The male nould surface 14 is forned

centrally o S PR RPLAEIRT 'HIRY RS 4hfad Refveers et an
annul ar ro@ulrdeg:mslfbf stHerapphretwe eshdwre ianrRiqurenal) 13 and the male
moul d syrface 14. The second nould part 16 is also cup shaped in that it
has a base 17 surrounded by an annular wall 18. The femal e noul d surface 19
is formed c&Fime 3 Ehawe the aowld @aesenbl & Bigmre shahen desatednin he
annul ar wal la Prdusurd lvdssemyl ar region 20. The annular wall 18 of the
second noul d part 16 is arranged to forma close sliding fit inside the
annular wall 13 of the first nmould part 11. In this way the two nould

parts may b&ifgurnecd tsipshear firsthqart roffithe enculdrassemblyict Eiqnce 1

ot her in or 430 o SHE A dLFT MRS BUE e M R Rindiiedy, 7

arranged to face into the cup of the first nould part whereas the fenale

moul d surfagg ghd-d af Ghobi S | Sed 16a Pubdd it e alyditaq 28{s¥ Hens - 8-

out of the cup of_ the second noul d part s0O, t hat mhen the two nould parts
are fitted TRFREIHAGRRARDGE If'Y’gft}} dthe ADKRPEiewiaBA 21 is forned

bet ween t he nale and femal e nmould surfaces. The annular wall 13 of the

porst mould Adrkedld 2% AhdH ily A ANGSAA P A SOl {dedl ar val |
Se ?.% %j: %@rs‘?érﬁmnoe{%] #

13 renote fr e bHfs nDuI surface
\g?d fenahsqnnﬂan4§uﬁx§haﬂhﬁeﬁ&an#i¢m4ently rlgld t hat they do not
sub antlally defl ect under suction caused by 'shrinkage of

This example 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 comprises 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 formed between the
annular wall 13 and the male mould surface 14. The second
mould part 16 is also cup shaped in that it has a base 17
5 surrounded by an annular wall 18. The female mould surface 19
o is formed centrally on the base region 17 and is again spaced
' away from the annular wall 18 by a flat annular region 20.
The annular wall 18 of the second mould part 16 is arranged to
form a close sliding fit inside the annular wall 13 of the
first mould part 11. 1In this way the two mould parts may be
fitted together as shown in Figure 1 forming a piston and
cylinder device in which the two mould parts are slidable
relative to each other in order to open or close the mould.
The male mould surface 14 is arranged to face into the cup of
. the first mould part whereas the female mould surface 19 faces
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nononer within the cavity 21 but can be deflected to keep in contact with

shri nki ng nononer on application of a selected | oading pressure which'can
be achi eved by appl yi ng superatnDspherLC?pLessure to the nmould halves ina_  ,
pressurised oven or other pressure vesse The fenale mould surface 19 is
surrounded by a rigid shoul der 25 shown nore clearly in Figure 2. The rigid
shoul der @&tabfit theheupabé thel secontiameuld Iparftosm that! whidine tiRaleWeet Ween

h S tQrt .ar _defl ect duri t he
bol yror Sﬁ?ﬁﬁsgg‘-’%&eﬁr@“%‘%ﬁ’éﬁé oBerHUES a0 s 5 iR R e
The moul dSpVEEEs %héﬁnfpmﬁgbe&wgear é‘»henmaﬂesaaﬂarfpmhenjmmtmon noul ded
from a susﬁabageal aSTl‘hé ERhath® wa1dh13s oRokyar ‘f@.%s%n lﬂl'& %‘iﬂ Iy q'UIh%ace 1o

nonomer i S_su t he .concaye surfac uld sur

whi | e theagu?gg}}ga?sfiﬁegﬁ ‘33 % F8e Apidax; Walls 13n sematesed
downwar dl fromt thenbakewaR. nDuId hal f as shomn in Figure 1 until the male
surface 14 touches the rigid shoulder 25 with the male nould half 11
uppernost. Any excess liquid nononmer is squeezed out Detween the optical
surfaces BhetWalinmenhayst Spamingothe palesmonid shefaicecldaant fegal2d so

as to drahguldr sugeatbe1bohes Qﬁffll%seﬁ%ﬁ"’%&ias thQ%“ tB'e@Cﬁ% a0 @

Date:  26/3/98
P XS 8EAneLa Ty ¥ adk inhs puckibn sopged Piccbasarase o 0
appl i cat i nonohepr within i:herrcavieyr ae gsﬁtgggﬁr at&ﬁgéfa_erég&gf é:%okb'&%t nh?ﬁet wo
Vessel | s Snurdr BECARAE Fuli g nbBPRGE0 oD SPeT 1P Ao oFt Rospette
partlcuIa}OQQEUQBPEeaﬁdreewhnchncahdbeuabhceved4byndppmyang ur ged tomards
- each Otheéuperatmospherlc pressure to the mould halves in a pressurised
oven or other pressure vessel. The female mould surface 19 1s
surrounded by a rigid shoulder 25 shown more clearly in Flgure
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 the two mould halves.

The mould pieces shown in Figure 1 are in this‘example
injection moulded from a suitable plastic material such as
polypropylene.

In use liquid monomer is supplied info_the concave surface of g

the female mould surface 19 while the surface is facing

upwardly. The upper mould half is then closed downwardly onto

tne lower mould half as shown in Figure 1 until the male 5
surface 14 touches the rigid shoulder 25 with the male mould i
half 11 uppermost. Any'exéess liquid monomer is squeezed out
petween the optical surfaces of the male and female mould
parts into the circular_trough 23 so as to drain through the
holes 24.

The assembly is then placed into a pressure vessel 26 as shown
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by the applled pressure as |nd|cated by arrows 30 and 31. The engagenent
force between the two nould halves is caneentrated adjacent the shoul der 25
due-to the relatively small surface area of engagenent and thereby an
effective seal is produced. This seal results in a clean edge to the |ens
and forns arbarzgurepnevearésgurecapSLGé théavesselobpobhehsihcoeaskd bgns

super at & 6ﬁ§$1ﬂ8¥égoﬁa¥kt¥ sﬁLQeEEBﬁe %Qégcépﬁngft%ﬁ Lrlsed as so

superatqps ressure he vesse ensures sati1 s actory
| oadi ng préé%ﬁFéEhe §$9|meeléohﬁhﬁeﬁalé and 16nare wsded §BWP§§§se§4hand 19
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cCreates a Ive Sea causes SUF aces to ect
remain in coRgagementhforee batween; the HM9 mﬁvéﬁ halvesnés mansepssated

possi bl e re&%?&éeﬂeoﬁhéuﬁhbﬁﬂdEQVQSSdﬁéOﬂbtEﬁesbélakiﬁélyfshhil”EﬂQEBbe
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val | thi cKrRE€R<OF cengndensnt Ynﬁﬁ|a 1vey seals 18,800 ft-are
much | ess SPhistseal asestdts insascaean édgevtenthé llens and fleenist a be

made to ”Biﬁ%¥£?§rs E&?gﬂt %eéécgé el 88 égigﬂi?ﬁgcﬂﬁgﬁﬁggtg ¥Q8mr%ﬁbsaéﬂge

t o novenent S 1S bvercone Fé uper at mosphe
pressure efhoremeniin the meubdspﬂyléﬁntrﬁu herm°§§h|Ehéstﬁbpaé§até9n of

def{ gction éﬁb@%ﬁﬁﬁéﬁﬁﬁéiic'ﬁr&§§ur€hQnQE&éCEheSUEEQEE 13 ER@uE&EetKH%|Q

surface 14 Qgglégaégégy Eégdkgg pge;ggrgclgegépigggttga%ﬁe ma%e and )
female mould surfaces 14 and 19 so that they are caused to
deflect as the lens monomer shrinks in volume during
polymerisation. In this way 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. In
this way the applied superatmospheric 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 relying upon suction forces from the
shrinkage of the monomer alone. The design, thickness and
— process control necessary in making the wall thicknesses for

the male and female mould parts of this embodiment are much
less sensitive as their resistance to movement does not need
to be made to match the suction effect of the shrinking
monomer. The resistance to movement of the mould parts is
overcome by the applied superatmospheric pressure effect which
may be easily controlled to achieve the desired deflection
found necessary in use.

The optical surface of the male mould surface 14 has in this
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exanpl e been flanme-treated, a process which inproves the surface finish.and
rai ses the surface energy. This ensures_that the polynerised | ens remains
in contact with the convex nal e nDuId'péPt‘for subsequent processing. After.
treatnment in the pressurised oven 26 shown in Figure 3, the nould is

verted goduile bg"3IYRS-BERRERCTs FEBCUY! dnbBh' sngrbdebepmycd S0 that

as shown ens enmarns on t surface 16
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alternati cIu I cat ol our ront surface
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surface. &g Ega ﬂﬁléeﬁBquHOQhEEﬁ%be 16, ihhenaneubaﬁewbk i3 skloke teul d
part 11 exte

i to a_heig %83 tga hd su&face 14 so

t hat whenlewel nBGIHhPs BEH@dlﬁhe szEaXt ﬁecﬁgg €BRd18f the annul ar

rall 13 Lc?gvaﬁ?égtl?ehb&ﬂswazhfdtsedu&artbptiah& surifdceu ekposedAforhe
ens is he nmou n CGUI ads

bos; t1 oneBn¥i EEPSF| TreBiiaht otaBeT?, xi BHE sERRpiansHpuiy 14 Hibuke 4

separate &nonptnonn@upalnthagbhpaﬂs3§réﬁld@§a§ﬁdeﬁb68?l#beréééﬁtéﬁm§ gor

extracti OEhQEd%fl pﬂ&&t e pRaltmdn®s cuf B2 @SR ohO thasButle hens

"ans. Gan BUTRARELed Ther FEPSRGEAly PEGRSRRLAY HASEe EBen ] B A SmBRLa AT hou:
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post ooy e BarTag Ao 1SS, W i el

held i n tlfzontpsu®fate of fhel lensi . | I'Ihqagftmatt smr@hqeegafor\‘-hﬁ ]-Iemst 3 cup

with saligg $glid! c@hse 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 lies 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 accurately positioned without risk of
damage which might'occur if the lens were separate from the
mould. The cup 13 provides an effective receptable for
extraction and/or hydration fluids which may serve to ease the e
lens non-traumatically from the optical mould surface. The
mould and hence the lens can be handled efficiently by
automatic procéssing equipment without risk of damage to the
fragile lens. Furthermore the lens is suitably positioned in
Figure 4 for laser drilling or other working.

After any surface treatment has been carried out, the lené 32
is hydrated while still held in the cup 13. This involves
filling the trough region 15 in the cup with saline solution
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This is the replacement sheet Date: = and requires no handling of the |ens
itself. As the problens of cavitation dutifg oononmer shrinkage and flash
renoval around the edge are avoided by the present invention, the process
produces high quality |enses such that sanpling inspection techniques can
be applied iangreé¢guires 00 hapdhing 4008héchens nspmalfon Adithe i proiol ems
N Lhe bens dRE{¥at 16h Saikihg! fiSHohet Nehfifkado ind CPEESh Yelibvafas!
equal quglity to those produced™in | nspection 1ntensive processes. Finally
" a renovabl e 37U the edURAEA: AVehded| hyigkhe rresent imventien: theso

that the Ie@;&e@@ﬁpﬁ@dﬁ@@ssnighiQﬂaﬁﬁfrfeﬁgeéeﬁ;&htﬂh&téemﬁﬁﬁgge- Bot h
the lid nmatey]al the s a% have suff|C|en%l¥ gpod ba£r|er grogertles t$
ensure t hat %?EP%%%k%ﬁlﬁﬁcgg AEPBnCABRS RPPLHEER r 1B RYRIRTERCE ERLEERARTS
time. The nel@0%alenseinspedtion vhichaikapersabwinithéi bems fndmstrppabl e
£ Wit hst , i festeriLi ; : ,
the'lid 34 ruiBerusl EAALE 18, Porpr2BbLErL SHEde TBe T LAY Wrudl e

the lid is rédbiteytte thesacpreducedninninspeghbiendintensive progesses. and
“this nmay be done leaving the lens 32 held in position on the male nould .

surface 14. This |Js particularly.a nt ageous_ip that the | ent at i on_of
tﬁe lens is ?i&ﬁ%i%rg 5?%3%?@1ﬁ¥%§8v # +gl%#?ﬁégt%PFﬂétﬁicggé%gﬁo%#t?gnt%ﬁd
mak_eiI ithnudnoxslcﬂubattmesbr'ehattthe}bensimzaaﬁ@osmlmées\bmtbm Jbhi are
avoi ds the e t o) [ u 0.
o¥igntationq%%$%%§ &$g§%€gtﬁgn§%gﬂégﬁé f%?tﬁngégtﬁgé #%%%r?%% %ﬁ%_%ﬂe seal
Fur t her nor e hawe csutfigiently grodhbarrvieripreoperties pbaremgure that pthkage

and\90nsequﬁﬂiéﬁé§fﬂ?b@bi@@f@ﬁdd8¥shﬁ8€ At EPUSr£08t GP- P | HEbEEENE £8P

before putting it inio the exe. The grOVISIOH of the annul ar trough 15

around t he mouFye 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 lens -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
14. This is particularly advantageous in that the orientation
- of the lens is therefore predetermined in relation to the
package position and makes it much simpler to extract the lens
in a known orientation. This avoids the need to tip the lens
- out of the container into an unknown orientation before
- picking up the lens for insertion into the eye. Furthermore
the external face of the lens is facing upwardly in the
package and consequently can be touched by hand without
contaminating the lens before putting it into the eye.

The provision of the annular trough 15 around the male mould
'surface 14 also assists in removing the cast lens from the
-package in that it provides sufficient space around the lens
to assist a user in getting hold of the lens in order to

[
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surface 14 also assists in renoving the cast lens fromthe package in that
it provides sufficient space around tbejjepns to assist a user in getting
hold of the lens in order to This is the replacenent sheet Date: 26/3/98 °
-12- renove it fromthe package. As already described, the |l ens may be

subj ect txepevéoitt fpombyha packagety of fine hol es by application of a .
| aser beam such as a short wavel ength exci ner | aser beam Such | aser beans

break the chem cal bonds and are able to perforate the cast |ens w thouyt
mel ting dﬁso%h%¢ﬂ@¥f@%ﬁFE%bﬁébrtheolebﬁh@%Yth%rﬁ%PJe¢$e§9spe#ﬁ9§3519§€§s i s

known as yhod Ogbital iep Sfcﬁﬂﬁeshéleg hytapglﬁeatﬂuﬁdobyaapaéeﬁabeaﬂ of

| aser beans of short maveleng% gg% g short gulse duratlg These form

perf or at i SHER VT ch SHSFH WRYSLEReth, e¥Gifer 18§8T(BSthe nBRER 1R5§Fooves in
t he | ens eams bHiheyk\wheédchemiealnbondpt ahdearesablhéoto perfbeaheathe of '

the | ens. {;g“%&ﬁsse th 8G€ e TODM %LeégﬂéiﬁgthééoéétggﬂrﬂétBﬁrgéhﬁﬁ'Ch

may be fd? an excrne I ONS é
benef|C|ath¢¥m$hp¢6ﬁ¢ﬂgs-thﬂhbiygéﬂc95§n5ﬁ13596n as phekeabulatfons the

| ens. TthQH&ﬁEésﬂﬂﬂoﬁQS'itoﬂsoéchhévé&| pULEA¥EEnbE! 1akE8! bblfisOXygen
flux, tearflow, durabi |t .an metta y C ara tertstlcs ofgﬁhe final
| ens. TheoF FROFESYRRELS t EF%?Sr i Rpige AUTRELPBE rancERgPet 8 Pens

by suitabperforations whipnravoidi ang. buﬁrtbrsraggepledgéetbothe B61éser ned
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only as shown I n gure 7. Alternative
an exc;mer laser. Such perforatlons 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 optimise the performance of the lens by suitable
formation of perforations. In this example the holes 36
formed by the laser beam are each square holes approximately
150 microns in size. They may be used to cover the whole lens
area stopping short of the periphery thereby maintaining the
integrity of the lens edge as shown in Figure 6.

Aiternatively they may be formed in the central optical area
37 only as shown in Figure 7. Alternatively they may be &.J'
formed in non-optical areas in an annular region 38 outside
the central optical area but terminating short of the
periphery as shown in Figure 8. The holes or grooves may be
formed in the dry lens prior to hydration or alternatively in
the wet lens after hydration.

The treatment stage prior to sealing the package as shown in
Figure 5 may include dosing the lens with medication while the
lens is held in the exposed position shown in Figure 4. By
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formed-in non-bptical areas in aﬁ annufar Fegion 38 outside the central
opt:iical area but term nating short of the jger<d phery as shown in Figure 8.
The- hol es or grooves nay be fornmed in the dry lens prior to hydration or
alternatively in the wet lens after hydration. The treatnent stage prior to
seal i ng t he pexfloxgding shevlens Midh @rp enginer |laseri@s @dnessly ens with
b By THLS LomcEinen M Te iy Aot e il urde Lae Ml e No th

. By This is e.replacengnt - shee : EHNG -_perforating the
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sponge i n wpexiforatipmmdf ttheoflerediamml ithe aitxaeriogth dapaids nad idz=et itayr ee
of perforati fs i q,ﬂg; ts r %n f mggl (i?} ilﬂ{b su |
the cup in \ﬁﬂ%&?’ﬁeﬁ;qﬁéens I S uplggr‘?{ei(fq{] e Iciee'r{gqﬁ'ay reat ed Fs&gléa?jﬁ%é)
forma cont may &e dapatedispas dntfum W entiradded dedreen afbontrol | ed
drug quant i %ﬁ%ﬁa!‘!ﬂtomrﬂﬁ PRSI dF W drtrd1a AL SR IEP S

controll ed sed lens. In this ﬂ controll ed doses of drudgs nhm
pr epackaged tY Fheh Sfalad &9 Risre 5 fhe Backadef $Hrations as
descri bed i eontawlaed dosathiddhdly Uae tiisnwax dorirdlis=d deses eofahhigx

to cast con | ense |.C s e hy SS6S SRR at us di fferent
fromthat dgen;% rihoeeg’%ﬁi%aékefelg}:eﬁio %sﬁsgas%%f ?‘oerg]ckﬁ]e %’l;'esent I nvention
i s advantageous in permtting the use of nmononers which require ultraviol et
curing or oier fRRENIH e PUiAASIHR lafUBIABIS MDisinards @Y of dha
heat treatnent. It vﬁll e u%rstﬁ%ata when usi_ng ﬁ'eat tTeat ment to

ef fect curi fyP¥ REaRf A1 fXciRer JARSH PaY IR/VGPRILSS tth Gast elitast i on
dur\imr}g shri nleagesowiilth A iRide i priscesded difd RppaYEiEY Aiffeternto not
reg :

re therdml, CHatGedlSidBd With reference to Figures 1 to 5.

i

‘The present invention is advantageous in permitting the use 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
insufficient to ensure that the mould surfaces remain in

\ contact with the monomer as it shrinks. The use of the
applied superatmospheric pressure may however be provided at a
controlled extent above atmospheric pressure so as to be
sufficient to deflect the mould surfaces and maintain them in
contact with the monomer even when no heat treatment is
applied as would be the case with ultraviolet curing.

The invention is not limited to the details of the foregoing
example. '
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surfaces will retain a higher resistance to defl ection and the forces .
devel oped by nononer shrinkage al one woyld be insufficient to ensure that

the moul d surfaces remain in contact Wt fhe rmonomer as it shrinks. The -

use of the applied superatnospheric pressure may however be provided at a
controll ed extent above atnospheric pressure so as to be sufficient to
defl ect the nould surfaces and nmaintain themin contact with the nononer
even whenFor Hastancest heth theygalieeanss fenale poulde stixfacss: may be |

]lc,l| traviol g Jgidr :;Jaq-iT_e,E{é% !i@i/;i:lrilzfde&“ t-.:oS ﬂiirdt\demt&ﬁdh t sﬁii-tffala:% (Zig/trﬁ.}égg o H&bkﬁm d .
or egoi ng exanple. Is is the replacenen ee e: -14- For
i nst ance, s#ge® of the densy fé?al%d%ﬁjlr{te? ﬁm% lgns | 89 shed in
order to mdRIA and ecttrolc atioh surfadetsuppiotts dhe Nenserttem order to
rel ease the,lens fr, r.gl ' I éygygq he | ens
after rel gfgggstﬁ#etqn{)gu%%r%ar&;%gg’ ?}?#%ifq& engg;'.et%cj)tlfd;\lg?leasq t tel:'iicetavi ty
bet ween t lcavidiye hetweenmdihe aliaand femals iswriages iagW ®adda® t hrough the
cavity by édiﬂitqh@fp ¥k &Q&izdwrtﬁ& ity Yy Heitirodth e Edliutddme

g

sol ution through anot her port Z4 while the ldis tiJlted, The.flow of

sal i ne solthronghiane Rark &4 and Ieéﬂ?%%q ﬁ"ﬁd‘ttlf?é‘ W, an

upri ght orarictiRirt @bz T4 iwiil leefthe mouiny dls dfiltedd salThe flowtddrsaline

rel eased |l ens wll ¢ e o) QBEPr' G €] I face

or female séﬁnft&t?é‘ é?‘q;}gd{ﬁq'rereaf% 1%[&3j ]ie‘sislshe Fe gcclg'%elﬁié ﬁee%‘x%’a]tgzt%% 98
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. \J
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- 15 - -CLAIMS: A nmethod of cast moulding a contact |ens conprisin
pol.:ymerising a nononer in a nmould having a nould cavity between
relatively novable nale and female nould sur ces and a rigid shoul der for
form ng a peripheral seal tween the t moul d surfaces to close the
cavity, at leas one of the mould surfaces being flexible under a |oading
pressureg, said nethod being characterised by closing said nould cavity

W th nnqgne@Ldlﬂggng the cavity, applying a su peratnospheric pressure in
a ressure vessel so that said | oadi ng pressure acts on the mo d -
surfaces and forms a pressurised seal around said rigid shoul der,
subsequent | . curA ngetthwdronénecast emenldiaigl hoadonbacpr dssas ecompeesing

defl ection 3; z‘h¥ Xi @u}ngn Hg;acgguto BLaka ﬁa'EPS?S;%f?“%%&; cgg\p%act

with the le oner rlnks i on
met hod accdﬁﬁmﬂ r@]éﬁtrhvel}’l mRERBLE the ﬁala@danﬂeméﬂml anawid dsyuErgess

are fored zﬁfh g ﬂ@ﬁ@ctsr{@ur@é&dfeertﬁﬁﬁrxfyﬁgsdpetrqph@nqgfseérﬁctset?&aﬁr
naer I Cce I catl] on

a slidi | ston n |
super at nosp ‘PeE‘Qb‘:l t?éﬁ'igg“%?ﬁplf?%oc °s‘50Fﬂem96I"&t§gr tat 1IR3 ghyoRegPAg
t he rrgl e anetﬁearmé@mroshdfageur beday tAbexidslecaahdet har . lé’adln¢\ peeBsdre,
according to.ejt Qi r id._opu
- cavity V\Ilgll I esa]’t% ‘H%’i‘rﬁée%ﬁﬁﬁgﬁci’&%“z‘? |sgaf %Br r@f%%be\é? d%?ls éuftﬁ 8?5"”&3 t
e moul d so Mnetth axorggreen n§ilhéngobhe saivd tyal applyinge 4sstperagmopphedio.
4. A net dli Qﬁet l:é‘é%?e“@éé%ﬂ 1) th%‘%erﬁdé‘%i“ﬂéaﬁi’ﬂbdp&%gsﬁi‘ét

lens is support on f e nou surface _surroun a cu
havi ng an arffifisar ORal £her d}“é‘él‘?ng‘“&’&iﬁ@ﬁ han Ieﬁ%rmshy%lr&rerﬁu’-’fﬂstﬂ% spal

suppli ed tca:tdiﬁxd:ueamurrtﬁrgm shoul@eir at Qub&bﬁueh@l& ok 4 18 suepmbhaﬁleron

t he mal e s faeandac is sealed onto Lé??eéf er abo*ethee

to forma pé{'giga[ge&yl iy ”&%pprﬁ?ﬁﬁéﬂre Tﬂ?gs?§ t eéi) t YhHeeP

dat e: 26/ 3/ 9&he mould surfaces to maintain the_ surfaces in contact with
the lens as the monomer shrinks during polymerisation.

2. A method according to claim 1 wherein the male and
female mould surfaces are formed on respective mould parts
arranged to engage each other as a sliding piston and
cylinder device, said application of a superatmospheric
pressuré being applied to both mould parts thereby urging
the male and female mould surfaces towards each other.

k/ 3. A method according to either of claims 1 or 2 in which
monomer is fed to said mould cavity while the female mould
surface is facing upwardly, and inverting the mould so that
on opéning the mould said male surface is facing upwardly.

4. A method acco'rding to claim 3 wherein on opening the
mould the cast lens is supported on the male mould surface
surrounded by a cup member having an annular wall projecting
above the 1lens, 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 cup member above the
lens to form a packaged lens in the cup member.

Sheet Has Been Reﬂlaced
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-16- 5. A method according to claim4 in -which the cover nembe is sealed
ontﬂhmﬁmﬁ B&ﬁd@ aced said annular wall. 6.° A rethod according to any )
one (ﬂ ﬁES wh erein the nale surface is flane polished to assi'st. 1
in r

met ho ccor I'ng

ns o the male surface when the nmould is opene 7. A
any one of claiwsls -0 5 wherein the femal e surface is .
flame polished to assis in retaining the lens on the mal e surface mhen
the nould s opened. 8. A net hod accor ng to any one of clains 1 to
or 7 wheSein Af methoderarondimate dcladm| dndn ihilgdl dhex wesar mm‘ﬁoul d
surface apdsea184bbAEb bR dppaddehigendls shddl MiHuIsCRaAN [ he exposed oute
| ens surfac 9. A nethod according to claim8 wherein sai d additi onal
treatment step conprises tinting colouring or printing. 10. A nethod
accordi ng,t o Al methddoracdcrdinfy viter ehy eaed ofddiIdaimsnl 1t teasmesiersd aps

one by GBI aAd oRusrase, BF  lapl o b Eefee M Skl SRR And "

accor di ngheolehsi enlGhehmalen smﬁ@caearmems the oildeis apendgsbam 12. A

P

method a ording to claim10 or claim 11 in which a plurality of | es are
formed to forma controlleddarcwlty of the |ens. A nme od accoy di ng
to clainf10 ot Pekhed) BGGPTGEnG O pPRYaPRE °§ﬁ°1§km%sl EPe SRR ¢ o |

provi de tR@ntfenldiey swrpheei iy Elame ﬂufnsshéal té asklsd &Qcm‘é&é‘tm:tm; claim
"t rocucbi: AEBS: he' sPosemy LB ARes 6 et st oBFiAL s, SHRIREYS e
repl acenent sheet Date: 26/ 3/ 98
8. A method according to any one of claims 1 to 5, 6 or 7 LJ
wherein after opening the mould the lens is held exposed on
one mould surface and is subject to an additional treatment
step on the exposed outer lens surface. '

9. A method according to claim 8 wherein said additional
treatment step comprises tinting, colouring or printing.

10. A method according to claim 8 or claim 9 wherein said
additional treatment steps comprises the formation of one or
more holes through the thickness of the lens by application
of a short wavelength laser beam.

11. A method according to claim 10 wherein said beam is an o/
excimer laser beam.

12, A method according to claim 10 or claim 11 in which a
plurality of holes are formed to form a controlled poros1ty
of the lenmns.

13. A method according to claim 10 or claim 11 in which a
plurality of holes are formed to provide controlled
durability of the lens.

14. A method according to claim 12 in which a controlled
dosage of drug or other medical compound is introduced into
the porosity formed by the hole formation. = —7 —m——
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17 - A-mpuld for use in cast nmoulding a contact |ens which rould conprises
a first nould part having a male nould surface, a second nould part having
a femal e nmoul d surface, and a rigid shoul der which forns a peripheral seal
between the two nould surfaces, each of gaid nmould parts having a base on
whi‘ch the respective nmould surface is formed and an annul ar wal |l extendi ng
away fromthe base, the annular walls of the first and second nould parts
bei ng gy argled ta mogage feachlsarﬁer asmetlibddaﬁdofﬂinyhe&ebmﬂa baletw &Eul d
parts may S to o er | t o, ope nd_c et

- noul dt he a%%r‘fgﬂa cia&g%ld R{Jm?% ar \él%%I ?ﬁgﬁ%w"t‘%“ fPSﬁS

at its uppdrawing oat @aﬁ#ﬁ cmouléeaurﬁgceovera nagcmdsmud@ﬂ) part chavingeaof

the nould Sﬁéxﬁé‘P@Sm'%‘i‘ﬂ'&g Isﬁ?fé@ée %@erae&eﬁraal éMoé@Héke%ﬁﬁ’ﬁrwhﬁ“ ¢
pressure. 2. A nmpuld accord %to cl.aim:15 i'n which mal e moul d _surf ace

is fornmed &FE@%E EFaéa MRSt the W dreutdasvaLpRREr dPFChr 8/ SR4A

annul ar walmowld t parfds sharkngd @ardased @a tﬁhﬂcnwﬂeearterspwh\Md hinBullhe
annul ar wal | [iurround| n sa|$ mal.e moul d rface

S lf ol d acgordl ﬁg ;tno
claim 16 i Pt A8 BRG 3R aﬂ?é‘arﬁr‘g? m?w A% 33X end?
above sai ctherabeseumtﬂlte sanfiatar waddsl ®ff othesdiimstrasndmredabind mould
contact | ers, sty CBEEHB' %rfa%gegilbééaahb%lay edth Béfzékn%%f Oieslijq_ﬁﬁﬁ' ped

W th reference to dres 1 and_2 of acconpanyl ng _draw ngs 1S 1s_the
r epl acementWhavah 8 twoy meypd parts may be moved as a piston and
cy_llnder device to open and close the mould, the annular wall
of said first mould part being formed with a flange at its
upper end onto which a sealing cover may be sealed, at least
one of the mould surfaces being flexible under externally

applied superatmospheric pressure.

o

16. A mould according to claim 15 in which the male mould
surface is formed on the base of said first mould part
spaced inwardly from the annular wall of the first mould
part so as to provide a trough within the annular wall
surrounding said male mould surface.

17. A mould according to claim 16 in which the annular wall
_ on the first mould part extends above said male mould
\/ surface.

18. A mould for use in cast moulding a contact lens which
mould is substantially as hereinbefore deseribed with
reference to Figures 1 and 2 of the a_ccompanying drawings.

19. A method for cast moulding a contact lens which method
is substantially as hereinbefore described with reference to
the accompanying drawings.
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