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the invention relates to systens for providing polynerizable
conpositions to nold sections, systens for fusing nold sections
together to formnold assenblies, and byl d assenblies 20 produced
t herefrom Background One nmethod of manufacturing ophthal mc |enses,
such ds intraocular |enses and contact |enses, is by cast nolding.
25 Cast nol dinoh1pfe CoRAEbn! ENSES &S SWddercied). afieeRibhardeXagmte,
Appleton, et al., U S Pat. No. 5,466,147, Mrris, U S. Pat. No.
6, 405, 993, and Dean, U S. Patent No. 6,732,993. Typically, a single
mol d ass %-%%%Eﬁ?ﬁ@h”@f)%ﬂiﬁ#Aﬁ?ﬂtﬁfﬁ'ﬁ:otﬂ@ns product " i ncl udes a
femal e nol'd section having a 30 concave optical surface defining an
anteri or surfé@asohpalhentlon béapmeeprandl by nhPe Undl d 2oBét FaR Pravi'Ag
a convyex .opti.cal. ,.sur ing a erigfs s =l eps
to b b &éJE? Hgés’mhen ?%eAggpégén fe%g?g nol d sggﬁggﬁsqgfgﬂ%
assenbl ed/RAD2QQE B21EbY PCTOSAGIRIDIV0TeEerogeeher, a contact |ens
shaped cavity is. forned between the concave surface of the fenmale
section and the convex surface of the male section.

The present invention generally relates to devices,

systems, and methods for producing contact lenses, such as
15 silicone hydrogel contact lenses, oxr contact lenses that
comprise a silicone hydrogel material. More particularly, the
invention relates to systems for providing pelymerizable
compositions to mold sections, systems for fusing mold

sections together to form mold assemblies, and mold assemblies

20 produced therefrom.

Background

One method of manufacturing ophthalmic lenses, such as
intraocular lenses and contact lenses, is by cast molding.

25 cast molding of contact lenses is well known. See, for
example, Appleton, et al., U.S. Pat. No. 5,466,147, MWMorris,
U.8. Pat. No. 6,405,993, and Dean, U.S. Patent No. 6,732,993,

Typically, a single mold assembly for molding a single
contact lens product includes a female mold section having a

30 concave optical surface defining an anterior surface of a lens
to be made, and a male mold section having a convex optical
surface -defining a posterior surface of the .lens to be made.

Thus, - when the male and female mold sectlons are assembled



The femal e and mal e nol d sections are commonly produced 5 by

i njection nolding techniques. A common nethod of formng a |ens nold
section is woatwdziwe a netal tooling insert, which haspdtyps20aiosinTs
been nmachine lathed to define a desired contact |ens surface, to
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nolding a lens is as follows. A 10 polynerizable I ens material, for
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steps, f?nraterial onto a mold half or mold section. Typically, a
person can fill the eppendorf tube with the material and
dispense between about 30 plL and about 30 ulL onto the concave
surface of the mold section. This method c¢an be labor

20 intensive, can present substantial risks to people handling
the precursor material, and can result in increased waste of
the precursor material since large volumes of the material
remain in the jar for extended periods of time, which can
degrade or deteriorate over time.

25 once the first nmold section is filled, a second mold
section is placed on top of the first mold section to form a
lens shaped cavity containing the lens precursor material.
The contact lens precursor material is cured for example, by
applying heat and/or 1light or other suitable polymerizing

30 means to the filled mold assembly, thereby producing a contact
lens product or contact lens between the mold sections. The

contact lens product is then removed from the mold sections.

The mold sections are often destroyed during this removal



exanpl e, conventional finishing steps such as hydration, to produce
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15 +thickness, or in other words the lens does not have an
undesired prism due to thickening of the lens precursor
material at one region of the lens cup relative to another
different region.

In addition, because of the potentially fragile nature of

20 the polymerized contact lens product, the mold sections ;hould
be separable without causing breakage of or damage to the lens
product.

A wvariety of traditional methods are used in a non-
automated production laboratory setting for placing one mold

25 section upon another and then securing the two sections in a
relatively fixed position such as by weighting or clamping.

" Whilé this may be a somewhat acceptable practice on a small
scale production basis, it may not satisfy all of the
requirements of large scale and/or automated high speed

30 manufacturing production of contact lenses.

Directed energy techniques, such as ultrasonic welding
are known in the art for permanently joining materials such as

polymers without consideration for later separation.



and nethod that includes the use of ultrasonic energy for releasably
fixing assenbl ed sections of a lens nolding assenbly using an
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15 polymerizable composition, closing the filled mold sections

with another mating mold section, and causing the assembled
mold sections to become fused together such that the filled
and assembled mold sections remain fixed during one or more
downstream contact lens manufacturing steps.

20 The systems and methods are suitable for automated -
manufacture of contact lenses, such as silicone hydrcgel
contact lenses, including daily wear - and extended or
continuous wear lenses. For example, the present systems can
£i111 contact lens mold sections using an assembly including a

25 removable, replaceable wultraviolet (UV) blocking reservoir
that heolds a relatively large amount of a contact lens
precursor composition, and a dispense mechanism directly
connected to the reservoir that holds a relatively smaller
amount of the contact lens precursor compesition. The

30 reservoir may be the barrel of a syringe. A diaphragm valve
may be operably located between the reservoir and the dispense
assembly. The dispense mechanism includes a dispense tip. A

conveyor 1s provided for opassing unfilled mold sections



beneat h the di spense nmechanism A stepper notor nmay be used to cause
t he di spense nechanismto automatically dispense a substantially
preci se andwacoewai®7anount of precursor conposition frrON/ES20062p8NS e
tip into each desired lens cup or 5 fermale nold section that passed
beneath the di spense tip. Wen the dispense apparatus is enpty, a
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and the assembled mold sections are secured together to form a

mold assembly. In certain embodiments, the mold sections are

20 fused or welded together using vibrational energy, such as
ultrasonic energy to form a non-annular or non-continuous
circumferential welding site around the  polymerizable
material. In other embodiments in which non-ultrasonic
methods and devices are used to form mold assemblies, the mold

25 sections can be coupled together in a continuous annular xring.

The contact lens mold sections each comprise a lens
shaped portion or surface (s) and -a flange region
circumscribing the lens shaped portion or surface(s). For
example, a mold assembly for forming a contact lens may

30 comprise first and second mold sections, wherein the first
mold section includes a generally concave lens shaped surface

defining an anterior surface of a contact lens, and the other

of the mold sections includes a generally convex lens shaped



WO 2007/ 021767 PCT/ US2006/ 031078 surface defining a posterior
surface of a contact |ens. Wien coupled together, the first and
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in an especially advantagéous embodiment of the

inﬁention, at least one of, preferably both of, the first and

second mold sections are "universal' mold sections. Ih cther

20 words, each of the first mold section and the second mold

section may be substantially identical, such as having less

than about a 5% difference in weight or radius, or other_

property to one another. In this embodimept, the wmold

sections each includes both a first lens shaped surface

25 defining an anterior surface of a contact lens and a

substantially opposing second lens shaped surface defining a

posterior surface of a contact lens.

For forming a contact lens in accordance with the

invention, a polymerizable composition is deposited on the

30 concave lens shaped surface of individual mold sections as a

plurality of such mold sections are moved along a productiocn

line. The polymerizable compesition may comprise a contact

lens precursor material having at least one monomeric



6 WD 2007/ 021767 PCT/ US2006/ 031078 conponent, for exanple, a silicon
cont ai ni ng nononeric conponent. I n accordance with one aspect of the
i nvention, wWospevigere7 appar atus are provi ded which are usefmUs2005/031078
providing a 5 polynerizable conposition to a | ens shaped surface of
a contact |lens nold section. The di spense apparatus generally
conprises a dispensing unit having a dispense tip sized to dispense
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15 coupled thereto.

In some embodiments, the dispense apparatus includes a
control asseﬁbly operativelj coupied to the dispensing unit
and structured to control dispensing of the polymerizable
composition through the dispense tip. Preferably, the

20 dispense apparatus further comprises a fitting located between
and connecting the dispensing unit and the éyringe assembly.
The fitting is structured and positj_oned to facilitate
coupling and uncoupling of the syringe assembly and the
dispensing unit. The fitting may comprise an elbow shaped -

25 conduit.

The syringe assembly may comprise a barrel suitable for
holding a polymerizable composition and a pistor} positioned
and movable within the barrel. In some embodiments, the
barrel includes a hollow space having a volume, or a capacity,

30 in a range of between about 20 cc and about 200 cc, or between
about 40 cc and about 100 cc. In a specific embodiment, the

barrel holds about 55 cc of a polymerizable composition.
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radi ation, for exanple, light effective to cause or initiate 5

pol ynmeri zati on of the polynerizable conposition contained in or

passi ng through_the di spense apparatus. For exanple, the syringe
assenbly, fitting s orembspangiyzg unite Ny rdagpri 98se@olf er fatting,
ef fective tg subst anti al I%%bl ock the pgss e of wultraviolet Iight.
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useful in the 30 present invention include polyneric materials, for

exanpl e ﬁﬁ%‘?%@asti c polymeric materials, for exanple, anorphous
polymeric matefl alsosHch 28,001 YEEYLERE i RAMIBLPORABods and systems

15 are provided for joining, for example, causing fusion between,
the coupled mold sections.

In a preferred embodiment, = the mold séctions are
structured so that the assembled mold sections can be fused
together using vibrational energy, for example, ultrasonic

20 enerxgy. In accordance with one aspect, Ffocused ultrasonic
energy is radiated by means of an ultrasonic horn into regions
of contact at the mating mold section flanges.

The mold sectioné may comprise materials that can be
effectively joined using such focused ultrascund energy. In

25 some embodiments, the mold sections comprise polyethylene
vinyl alcochol (EVOH) which is a material suitable forx
uitrasonic welding. It is to be appreciated that other
materials may be used for making the lens mold sections of the
present invention. For example, materials wuseful 1in the

30 present invention include polymeric materials, for example
thermoplastic polymeric materials, for example, amorphous
polymeric materials such as polystyrene, polycarbonate,

acrylonitrile/butadiene/styrene compositions, c¢cyclic olefin



acrylonitril e/ butadi ene/ styrene conpositions, cyclic olefin 8 WO
2007/ 021767 PCT/ US2006/ 031078 co-pol yners, acrylics and/or

pol ysul f onewoSesrvoer¢st al | i ne resins such as acetal, polpqwaouylsesm;s
pol yet hyl ene, nylon, polyethylene terephthal ate, polyether ether
ket one, other polyolefins and liquid crystal polyners are al so
suitable. In 5 certain materials, one or nore additives may be

provi dedckﬂeoi?ﬁef@ﬁd&eﬁ}ﬂi] t QnBPBANGS, BFAPEdr LS Of shRecFPsACLine
an

| enses. ageously, "no sect1ons which conprise EVOH do not
require additsvematuchsasaeetabb. idolyprenidaes ng rejeratdylana, thelon,

like. 10 Othe t hods, t ' nti I L.recLi th
di ffer en?ggyﬁéléy ?n%netrég)%/el?ﬁr}%oé]t@éc:e’rm%glg?s%g | i gyséhtg% C%E(glge'f usion
of the mpbdyseefimwnsand oligxadmimysthdcpségmentr aredalsadbatian,e.r adimo
frequency energy, and/or other frictional ., .forms of heatin . .
addi 5 onEoFRedtr REEATLADBAI FEft F (RE 5 A0t i Lot MBe iayblisd sty 10
t oget her tusi ng1al kerabe deVieansnee prBbELEBes SHENtRE byntechalécsds.

cl anpi ng using plates or other suitable structures,, or royidin
an i nt er PEFERERISPRELY betiéh FECEIGAT fEMETR MAWPSEE | %&88 e not

embodi m@%guwﬂéc?&dﬁ%ﬁkf@)& W IdASQ8i Ge@BBRYYi t{herfHisicongorageaitd Ngaris
not in a continuous ring around the lens cup of the nold section.

I n  enbodiwehikewhi ch use a non-ultrasonic energy coupling

t eChrllbque’ the, gont E}Eéﬂgﬁ%s}\qﬁ%{‘f t Qﬁemlﬁ‘i?eﬁ{%r{ erf@&lf @tlpdoyse@ﬂ:é@@irag

can be continuous™ aroun ens cup.- I n sone enbodi nents, the nol
secti ons daféesenuctyped tod @Befgci intateheusiodd cfsagmpldgaplted PRHIFE

sections.. For_ex th ectjon ' ude pne, Ny M Erared
| ongi t uditREHPY @iﬁ@%ﬁ%&‘%ﬁ&}) SaeciCRRLt e et y outwardly of
t he | ens rshapedosyr frack o | frequenewbediement, s, anther atotheast fohetional

of onl y. SOBBFt i T HHE | endh S Rar Ficc ot Ho. oy e G, e

For exampbed kBetions may be held together using alternate devices or

methods, such as by mechanical clamping using plates oxr other

suitable structureé, or by providing an interference -fit

between male and female mold sections. In embodiments which

employ ultrasonic energy, the fusion or welding is not in a

20 continuous ring around the lens cup of the mold section. In

embodiments which wuse a non-ultrascnic energy coupling

technique, the contact between the male - and female mold
sections can be continuous around the'lens cup.

In some embodiments, the mold sections are structured to

25 facilitate fusion cf the coupled mold sections.

For example, the mold sections may include one or more
longitudinally extending projections located radially
outwardly of the lens shaped surface. In some embodiments,
the at least one longitudinally extending projection is

30 located radially outwardly of only a portion of the lens

shaped surface of the mold section. For example, the
projections may comprise a plurality of longitudinally
extending projections, fox example three or more



projections may conprise a plurality of longitudinally extending
projections, for exanple three or nore 9 WD 2007/021767

PCT/ US2006/ @®120T&21166ngi t udi nal | y ext endi ng roJecti ons tREr/US2006/631078
projections bein p ~ 9 circunferentially spaced apart, for exanple
equidistantly circunferentially spaced apart, fromeach other. In

ot her enbodi nents, the at |east one projection .5 conprises a

subst ant i aldngientinel ¥y ariutdedvd ipkgo] pedi @bt i d)st anki ghdoy RMtilohgl Ybeing
ci rcunscri birgﬂx t_he Iensjeihaped surface of the first nold section.

The proj eCHFEHEEEFEREFELY | VRIS acia%tat | Y uSHGAPLE  eRBidbFRANtlY

sections Y rphaYedengisi BEraif LORAGE, ! egbAnsact Gohigdmeen the nol d
section to which vibrational energ%/ wll be effectively focused.
Hd

Q her enbodi nehf's GFNeRe fBPAdiBERtBNs FRY | Akl udeashe one nprejection
recessgs lQaREedekn 8 POrd it of 16R Ml dygection. la?xangkg'eé%ion
flange of the nold section may corrprlyse a plurality of re es%es

spaced ragu@styndohahby dehtbneineci eounsemibientiee bems i sinapdd t flerface
nol d sect io?.nt ug?ﬁgg rﬁ‘ofc@l dgqi‘eC grtion, is in contact with the flange

2 : th the !
surface that Has & recesses Totdted therein, ultrasonic j oi ni ng of

t he fl ange surfheeptroitheionsgerepaifican ipeovindefz @ INaxtcant i Fusdus of

t act i d the 20 perineter, of the lens cup even when .
ﬁginngca Lﬁﬂ'ﬁgggﬁﬁ US%? 2 havihg %ﬂ?Pvalr‘Fﬁlﬂgar %%F&%n?&oaﬁ?’%erﬁegmns

devi ce) sweRwasnatheOofioll BUGKEStAbnaulaiidH ¥ a8 iGnRar Nn ads 10fpe
the invention mpy include the step of causing the first nold section
and the sELERATHBRYY B4 to be 25 coupl ed together so that the

projection or PtRELCEMSSiAHIY A& &HA 1185 eRL9¥hE hYyt PncPlidd bne or
direct contact with, the second nold section. According to sone

enbodi menfl§ret KECLEBEP| LACADBPE SBCRI RStAPE Pisddeamdlehstectigsrti dPr
of the peRLRELEON: OF1 PLAL €SF 1QNS A d YIBAbnl RES cORE-fysed LEH Nty
15 of recesses spaced radially outward from the lens cup. When a
portion of the mold section, such as a ridge portion, is in
contact with the flangé surface that has the recessesAlocated
therein, ultrasonic joining of the flange surface to the ridge
portion provides a non-continuous contact reglon around the
20 perimeter of the lens cup even when using a ultrasonic device
having an annular ultrasonic delivery device, such as a
continuous or annular ultrasonic horn.

Methods of the invention may include the step of causing
the first mold section and the second mold section to be
25 coupled together so that the projection or projections is or
are in close proximity to, or in direct contact with, the
second mold section. According to some embodiments, the
coupled mold sections are fused at least a portion of the
projection or projections to form at least one fused region

30 between the first and second mold sections.
Advantageously, the fused region or regions hold the mold
sections together sufficiently securely to enable the mold

assembly to be subjected to one or more post-fusion procedures

10



30 between the first and second nold sections. Advantageously, the
fused region or regions hold the nold sections together sufficiently
securely toweraleimwhe nold assenbly to be subjected toP@Mes2006/030x78
post-fusion procedures 10 WD 2007/021767 PCT/ U82006/ 031075 w t hout
the nol d assenblies becom ng inadvertently m saligned or separated.
Such post-fusion procedures may include, for exanple, subjecting the

nol d assegbkloti® pakymRNUZiakGembateat beBoh@nfohiaBTeZEehitey | @1Saligned
precursor material in the 5 | ens shaped cavity, and mechani ca
lifting aRd caP&ratednspoftch oPOFRal Bl ol abserBRYTrpet ME¥n Wslivglgs for

post - fusi gRaR 9&?55@%%je%%@hbonﬁﬂmfprmgﬁénp%%seﬂﬁ§9 Fhﬁ>”0$91§£%¥iéﬁﬁh
have been filled, assénbled and joined, the polynerizable

conposi ti sAdiatite to0 pehsustgzsedtikavilepsof prerurasid Basewiy Es the
causedzto y i m [ S
e e S DA L g s T
to pol ynenEzeheonpeldesserpbdynpethreehi |taad oml dposissbrdilon torocessing
polyneriz%g tli ht, for exanple, ultraviolet 15 light. The nold

secti ons g t%&%' be decoupl ed or separated to expose the contact

| ens product, For exanphe, bndeasshagmdldcusdddliprdevhaes beenexaimilesi,
a bl ade, through the fused, region  or regions and renoving one of the
mol d sect PBRE™F M ERE %%Jrﬁ%gt FBfs Q5 1za5g eAsC Yt hePeitire

in a partienkashypadvaphagepusor embpdi MpBt dof dshembiventison.caiied to
flange region of the nold sections includes one or nore recessed
regions, BPEYRPRIY &P JEstaoRelHBATEFPEuFPELaRt| dIeNSeRE_E T egi i

that doesspet exi&Rthd{i& fuldneCi I2ulf enent alish 859t En@f Lheydd angs e
For 25 exanple, three spaced apart recessed regi ons may be provided
al ong a crrepedErieqit i bp Paivmeried cheprflangeczBoehnd ecbssdd liedi avsd

may be providedyn 00 A0l 39 oResUDSE! Ubfalgle, tNitraviotet
ongi tudi nal 'y extendi ng projections. .

15 1light. The mold sections may then be decoupled or separated
Lo expose the contact lens product, for example, by passing a
cutting device, for example a blade, through the fused region
or reglons and removing one of the mold sectiong from the
contact lens product.

20 As discussed herein, in a particularly advantageous
embeodiment of the inventicn, the flange region of the mold
sections includes one or more recessed regions, preferably at
least one non-circumferential recessed regién that does not
extend the full circumferential length of the flange. For

25 example, three spaced apart recessed regions may be provided
along a circumferential surface of the flange.

Such recessed regions may be provided in addition to, or
as a substitute for, the longitudinally extending projections.
Typically, in accordance with the inventioﬁ, whereas fhe

30 projections are preferably provided on the lens shaped surface
side of the mold section, the recessed regions are provided on
the side of the mold section opposing the lens shaped surface

side of the mold section. For example, a projection, such as

11.



Typically, in accordance with the invention, whereas the 30
projections are preferably provided on the | ens shaped surface side
of the nol dweestimms7t he recessed regions are provi ded orcT/vd260600600eSs
of the nold section opposing the | ens shaped surface side of the
nol d section. For exanple, a projection, such as 11 WD 2007/ 021767
PCTI U82006/ 031078 an annul ar ridge, may be provided on an upper

surface ofnagnhl,apge rafigkhe iR dbseptbPidad ovAd drheupis SUPFPA tbena
and the recesses ma}fl be provided on a | ower surface of the flange
of the nof#areRtPénths WRAA tSRFieors RIPURS dtRect#BAS CHavinegtégeh and

recessed tﬁggkgaéséésej@%sedéﬁlf%évnggﬁ Wl 4 adima il s e ﬁghg%

recessed regi ons provi gap g contact region between
mol d sectobnshe .malld segghonet wi shing to be bound by any specific

theorxst of the jnventian, the gaps may b e@lgi"a?r[]% a%%%%glosﬁgh gecessed

preveriti ng cavi Gtionof unpol ynerized Tens material during
ul trasoni eedUusionast epsspoissed| yobgthklkowonFm@assesmbad escapblfy othe

between interfacing, unfused flange surfaces. Qher henefits

50 be AEHERARE DY RO SRR AT o & PR Ao Fupn
In a furtyes ASPECEeefithe. Pr ea3ehbughverit Gfisiien ces balsebuhdi By any
fusing together coupled contact |ens nold sections are provided. The

devi ces gePRFEIS t5gwi 88 dRceddrg)tiaisehBE yI3RTF BRYIrkR ddyaRd-ageous

ef f ecig ve; op e 16 oV idahakh@RBh oNBRPYLyhOFi £XANDEEs UhddASiQUNGuring
energy, and ‘a contact” assenbly 20 operatively coupled to the energy
assenbl y Htrl sftsaspyict dusipinsitedPt heogrbphy i dival 2eHBtigig f gdpsehe to

energy asggnply i)y Bé%g@ﬁediﬁ{éﬁa&%,lseﬁ%%ﬁy dr $8C4d ONGitfces.

cause fusion  therebetween. Mre specifically, the contact assenbly
may conpr@geemrbedd st mayoaddohoenarhsbueld ngy atlek sprg s tfr gapgr da

to contacf, O&ﬁit%rctwlé ighgcrete, spaced apart portions of a
circunferential area of one of the mold sections around the
15 In a further aspect of the present invention, devices

useful in fusing tégether coupled contact lens mold sections

are provided. The devices generally comprise ‘an energy

assembly structured to -be effective to provide vibrational

energy, for example ultrasound energy, and a contact assembly

20 operatively coupled to the energy assembly and eiffective to

transfer the vibrational energy from the energy assembly into

assembled first and second mold sections to cause fusion
therebetween.

More specifically, the contact assembly may comprise an

25 ultrasound horn including a distal end structured to contact

one or more discrete, spaced apart portions of a

circumferential area o¢f one of the mold sections around the

lens shaped cavity. For example, the distal end of the

ultrasound horn may include a plurality of distally projecting

30 regions, for example, about three or more distally projecting

regions. In some embodiments of the invention, the distal end

of the contact assembly may be described as having a somewhat

"castellated" appearance, in that the distal end has a

12



| ens shaped cavity. For exanple, the distal end of the ultrasound
horn may include a plurality of distally projecting 30 regions, for
exanpl e, abwotzoadmemw7or nore distally projecting regi oNBCT/USROGHITRTS
enbodi ments of the invention, the distal end of the contact assenbly
may be described as having a sonewhat "castell ated" appearance, in
that the distal end has a 12 WD 2007/021767 PCT/ US2006/ 031078

conf | guraéémhgd&faaﬁ%% byefuhbdPligy Prioi 8GR0 ??cgﬁgeﬁncﬁorre@&[@,' €.for
rectangul ar shaped projecting regions, separated by recessed

not ches. &tampila,r aseckandwrar r skhra®sPyPiratbundreahersy iSHPareked by
nol d asse t, i es o h r.Qj I.4n egL,QEk d

assenbl y %%J%ﬁ%éi t ﬁé?é%%ﬁ cau%cléﬂrllgr%g%f]%s'}:ig os‘r%f%&lge?h V\C/Z%IE] %nggggt i%l%a’{ﬁ%lugd
pluralityemérgl soret eclspanelt apagamblyocst i Drisemiadsisn afhéhwlrkojecting

assemh y. However s, di scussed herein, other ul.trasonic Vi ce n
havem’iSI co?ﬁqmsé’h‘ﬁnm%rm?f%gaiﬁ?@;%n?%u*{’}’oer%&}berreaO’lézagﬂestlrn sgfrlﬁsg%n
horn havimgrwedt ansid dsdalorendits W feioera gy g 1disactkitey espe cdes iapadt

non- cont i nuous, fusion_hetween the nold _ sections due to the presence
of the rebk¥Eldonfeddtiridd therBrhd 2P 2hd every feature descri bed

herein, and eagfjcand every aqerhkbali Ak Qfid Woohe FOLEtRhsEHED devices
features, is included 15 within the scope of the present invention

provi ded ¢3fat PERE  # eARTESUOHE| LRI AE sdRJa ebHATRIONPAFB nAtT @
mituald y .4 3 8len 'tﬁﬁ%%' Ld: WharAY et & LoHicRat 9 Qfcill
ally exc f the

features nmay be specific uded from any enbodi nent o
present ianteiEveona 20eFhesd aneh otdrerimspect Susfionhebpbesent the mold

et B U e el ghlo P et A Ll tesLbplLgg Aot
acconpanyi ng dteki ngsdi revelriychfddtkerepardeschbilaed | hkeeirf ermgriceeach and
nuneralS.eég%;ﬂéégbf%§¥i%%p%Eo%wgfo%hgoggag%nggch featuzes,'is included
15 within the scope of the present invention provided that the
features included in such a combination are not mutually
inconsistent. In addition, any feature or combination of
features may be specifically excluded from any embodiment of

the present invention.
20 These and other aspects of the present invention are
apparent in the following detailed description and claims,
particularly when considered in conjunction with  the

accompanying drawings in which like parts bear like reference

numerals.
25
Brief Description of the Drawings
FIG. 1 is a schematic exploded diagram showing a device
in accordance with the invention useful for fusing twoe contact
lens mold sections together.
30 Fig. 1A is a plan view of a distal end of the device

shown in Fig. 1.

13



FIG 1 is a schematic exploded di agram showi ng a device in
accordance with the invention useful for fusing two contact |ens
nol d secti owe 20@getder. 30 Fig. 1A is a plan view of a dicavedzomndiocs
t he device shown in Fig. 1. 13 WD 2007/021767 PCT/ US2006/ 031078
Fig. 1B is a perspective view of a portion of nolding assenbly, in
accordance with another aspect of the invention, in alignment with

the distal endpof,the devigepshewdctivEi iek @Mdal Aor®ibh0oflGudSdthg
plan view of an_alternative distal end of the device shown in Fig.

1. Fig. 22F§cEbhEr spRcRFTRTIFRGE oF i theaPpoth¢bn2spethect nbreli hgvention,
assenbl y Eﬂo‘r%”g‘g&ngﬁ@-wilt% 013t 3nSr B¥S1RECHRORAL ﬁl‘n@%oif ey, 1
nol di ng asse ﬂ 10 taken along lines 3-3 of Fig. 2, the nnl&?ng
assenbly bedngA.shown prior to ultrasonic fusion of the nold

sectiops. Fig..4.1s .Qp pl Vi f on I is f,
mol di ng assenbrﬁlg’sh%éntllgn %%fa’b ‘?1)(:\,?8 Og ?‘gma%l%c?ﬁ:t%%tr%lggaﬁl\#ggv c?fndt hoef
nol d sectitha gdboivwe i showlb iF Figd, 1showi ng the nold section as

including threg, spaged, apart |ongitudinally extendi ng proj.ectiops.

F o 'SA TS & bEHE Dol - VE e DRERCHONE B of f nE b adRte Ght ithe
anot her enbodingnissedmdiie shawenthomigwhegein the nold section

i ncl udes six spaced_apart longitudinally 20 extending projections.

Fig. 6 is a crésd sdct?oRalProPenrsFitPR! tb-H o 3th¢ niog dtrmbLy
with {fne dihgbrl a8BHg0fihBe devd cer shoyn bn knhaS.mchdidRd ddbendl§ beiry

a cross sectional viewsimlar to Fig, 6, 25 show ng the nol ding
assenbl y &RPBR Beiery Fusddrmisonichéugesn cef WoitPlich SEic§dons- and 1B.

Fig. 8is a Cr9§(§.’S§CtJ‘_ison§I t\ﬂ;bevﬁél%fn a@%tpef)fmr@ Mold section of the
molding assembly shown in Fig. 2. ’

Fig. 5 is a bottom plan view of the mold section shown in

15 Fig. 4, showing the mold section as including three spaced
apart longitudinally extending projections.

Fig. 5A is a bottom plan view of a mold section in
accordance with another embodiment of the invention, wherein
the mold section includes six spaced apart- longitudinally

20 extending projections.

fig. 6 is a cross sectional view similar to Fig. 3, in
engagement with the distal end of the device shown in Figs., 1
and 1b.

Fig. 7 is a cross sectional view similar to Fig. 6,

25 showing the molding assembly after being fused with the device
shown in Figs. 1 and 1B

Fig. 8 1s a «cross-secticnal view of another molding
assembly in accordance with the invention.

Fig. 9 1is a cross-sectional view of a further molding

30 assembly in accordance with the invention.

Figs. 9A and SB are a top view and cross-secticnal view,

respectively, of a molding assembly in accecrdance with an

embodiment of the dinvention, wherein +the molding assembly

14



assenbly in accordance with the invention. Fig. 9 is a

cross-sectional view of a further nolding 30 assenbly in accordance
w th the i nwerdobmeei76Fi gs. 9A and 9B are a top view and PCT/US2006/031078
cross-sectional view, respectively, of a nolding assenbly in
accordance with an enbodi ment of the invention, wherein, the nolding
assenbly 14 WO 2007/021767 PCT/ US2006/ 031078 includes a pair of

mol d sect iiod veizeh Haypaig tdfr emodpacedttiapay t eED] BGkiARS P dspgced
regions of fusion hetween the npld sections, wherein re%ions of

fusi on ar &PAdi @&Pé&cggoﬁ%s%?i“ st 959815y c o us5op; §etveea bhe mek
are a topsdc@WoaRy aHEreSh SRYHiRRAlof ViEe¥i of eSRPeCtinglobtedf ¥ dashed
nmol di ng assenbly in accordance with another enbodi nent of theé

i nvent i onlifEér éPnFife #dI ding assenbly includes a pair of mold
sectiogs each Raykng 1bAregq SRACE aéttEﬁC%a%%degﬁg'Qnérgégvg t0%na1
gaps between regions of 10 fusion between the nold sections, erern
gaps are VAgWeatredpdsfrivashedoli mesndlpifigy. ad¥mblRi gin i actsrgance with

schemati c _yi f Qner di_spe S . 1N accordance W th .
anot her agéggp%gf %ﬁe @%veﬁiigﬁP ?ggDegg%gg%lfgﬁcﬁﬁﬁFF&ﬁ Tﬁggpr%%%ﬁﬁng
i nvent i onawskhbilypiicallwjebe adgscit befl hedldi rsectibhsr espacthdo met tiogse

and systens _useful gor t he %fnufacture of, cont act Ignies, though it
is to be SPPrecPBEEH FRATSSSH tHPIXPI R HodPPPcAET B8RSR hEretons of
t he pilesedustrehhedswasd 2Besywllenssdmyidie usaiddeiorgdgie spaui Agiedd
of ot her Fépgs ﬁf fghthalniq | enses and ot her |ight-polynerizable
articles geRefatines 1P fi6rerltP8d enbodi nent, the present systens,
net hods, and cengonent $st ReEeREnAF €c USEEHI oF Na NRBHEAEE UAL 8Fensd | & $ONE,
hydrogel contact |enses, or contact |enses that 25 conprise a

si | i cone RjdR6gerdaBEeriidfh apeithexafpPactt aé thp equrantsiypst-ens,

nmet hods, and conponents thereof may be "particularly useful in

produci ng extended wear silicone
15 "Detailed Description

The present invention will typically be described herein
with respect to methods and systems useful for tﬁe manuféctufe
of contact lenses, though it is to be appreciated that, with
appropriate modification thereto, the present methods and

20 systems may be useful for the manufacture of other types of
ophthalmic lenses and other Iight-polymerizable articles in
general. In a preferred embodiment, the present systems,
methods, and components thereof are useful in manufacturing
silicone hydrogel contact lenses, or contact lenses that

25 comprise a silicone hydrogel material. For example, the
present systems, methods, and components thereof may be
particularly useful in producing extended wear silicone
hydrogel contact lenses, and/or dailly wear silicone hydrogel
contact lenses.

30 In a broad aspect of the invention, methods of making
contact lenses are provided, the methods generally comprise at
least one of the following steps of providing first and second

mold sections, each mold section including a lens. shaped

15



hydr ogel contact |enses, and/or daily wear silicone hydrogel contact
| enses. 30 In a broad aspect of the invention, nethods of making
contact | enwesoew1provi ded, the nmethods general |y conprPGEUSD6/I38ES
one of the following steps of providing first and second nold
sections, each nold section including a | ens. shaped 15 WD

2007/ 021767 PCT/ US2006/ 031078 surface, the first and second nol d

sections Reirfgcs) r uskuredstt e saipledndlld pbecethbiHgeshey torhorumay
| ens-shaped cavity _therebetween, providing a_pol ynmeri zabl e .
conposi ti 68 PR CREPLPENSLsRABERICEGPEYNRF BRelRBldaséerFopharedisEHGity

the first t?\@g_el§e‘§z€§é}ﬂ,d mRld 1386 0NS Joa yRereoHBh8d Hmdla%8%n in the
together, tusing the cbupled first and second nold sections

t oget her, land sbapsd ngavhey pofyneei rabl eSeowiposi tfawsing tiee first and
| ens- shap V] t r.ze.fo n e t. .

Turning nggf?gaF%ggd1?629%%€§055iRéagégég%%cégm?%%QgﬁegOQ%ggﬁébn ond
gener al | y thenprawgdsedr dirditngaad dedmadusedblt | secfiusisngtbggebhbey and

coupl ed mold sections defjning a contact |ens., shaped cavity, Th
devi co 10 CGRRETEI | 'L orkpr t UE bk der G9TPRELERBTy 1B stPtict LY BT ShPed
ef fectivechoipyovd deo Minildconal foemes g¥ensd ash ey dildtr.asound
energy, and a contact assenbly 15 14 o eratévely coupled to the

ener gy assenbl 1ABLEhGRRY f &€t iIBAS- tTo tF ali€FRPIt HE \RASCACRBAREI Wearkér dyre

fromtihe enpesyi@sserbbyally teondbfals Obrseipl ey B0l dbvRsd | @BSful in
formng a | ens shaped cavity, Preferably, the contact assenbly 14 is
struct ur edugdng r beweitkey i apabl eharckhefFL IMD el i\l CIIEFt lens

sections Ra204 SHED: By MBNN@Le SQe@fcd 016aYeRekdI PN Rt 865€LS energy
preferably 'spaced apart, regions between the coupled nold sections.
The cont agssemsbnbly M weiptesesand hefheadBitavitey rrowidst ayikpptional

R R s e

st ruclar ed4t opbeaieivfalgt icmiptled rrandimet enakyyaseneubenet Jyandtef fdmive

pair of meladt&%%%eornsthseo \?J’ﬁm_laq:ional energy from the energy assembly 12

to a pair of c.oupled mold sections formir'lgl a lens shaped

cavity. Preferably, the contact assembly 14 is structured to

radiate vibrational energy into the coupled mold sections in

20 such a manner so as to cause fusion at discrete, preferably
spaced apart, regions between the coupled mcld sections.

The contact assembly 14 comprises a horn 18 having a

distal end structured to be couplable to or placeable on a

contact lens mold assembly or a portion thereof. The horn 18

25 is preferably structured to be effective to transmit

ultrasonic energy dinto the pair of molid sections so as to

cause fusion or welding of discrete, spaced art regions at

interfacing surfaces of the mold sections.

The device 10 may further comprise a power supply 20

30 connected to the energy assembly 12. For example, the power

supply 20 may be a power supply effective to convert 60 Hz

line current to a frequency range from about 20 kHz to about

40 kHz by the use of solid state power devices. This high
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cause fusion or welding of discrete, spaced art regions at
interfacing surfaces of the nold sections. The device 10 may further
conprise a wower7/euiepl y 20 30 connected to the energy acSewdzbos/03D78
For exanple, the power supply 20 may be a power supply effective to
convert 60 Hz line current to a frequency range from about 20 kHz to
about 40 kHz by the use of solid state power devices. This high 16

WO 2007/ { RCTI 4382006/0310 reqgye li@GE r+galy enskErics 22.
suppliedq¥%$é§%§$%Ierter ngﬁ'T%%eﬁ%%vgrtgfﬁgg‘changeséhhg el ectrical
ener gy i rthe Wavastericc 22nrebhaakeabhei ptetoricanairat ithe PAE§aeaeyC
of the conver e i p ' LSt YR I

20 ki { GBI AISERs O S BY Bt vt (e acan Y agoustrcal aner
may t hen.elwe-trtircadsrarnetrey thrmigh anicmpliet tdeicedilfyiabgpudevilcekir &0
boost%r 24. TQ@ %ﬁoster 24 is a passive (i.e., non-powered) device
whi ch i s aRBY t drfy the output anplitude of the converter 10 22
before it reaahes +herdtny 18l tifsaiid easbusnecahbedemgnt mafy titen. be

present invention, the horn 18 is_structured to provide
Subst ant IERANPTHSEHCEBTOREH BRSTBPLF AT RSy CHGE SFafpPaoster

di screte 4£0i opgeOhockeeused uld rasenkssve FQh . exanplog-pbherbar ndddieé
the contact 15 assenbly 14 may be advanta%Foust structured to

cont act, "richirse yseskiteeBpditfy Hedreacitetite AR 1E568 &F Wheh SOBNEYTEr
porti@n i.rcunt.e J tjre coupled nold sections. For
exanﬂ1e,qgig*ﬁ%fgéEgméggg%€%ﬁ@%?gaﬁ%%]?ﬁe distal end 20 of the horn
18 shown in Filgn ak. lemsthiosieerdydutidiment e theomradengssavsnyien, the

i ncludes g, di stal end 189.18ylk0g ROt budh g r Sbfhs. B IsRaced BPaEL

by receségﬁj}eglons 18C. n area o ousti ¢ coupling between the
di stal enskgli@8msofoft heibidwraryl Semance, padr efamphe adtsteake nbegions of

f:g}gﬁng{é%dgg%.%.t%%gggggspy %o%og&gm;igpg%hgrhSEBCng%%e@kgabontact

15 assembly 14 may be advantageously structured to contact, or

more precisely, to be acoustically coupled with, only 2

portion of a circumferential area of the coupled mold

sections.

For example, Fig. 1A shows a'plan view of the distal end

20 of the horn 18 shown in Fig. 1. In this embodiment, the

contact assembly 14 includes a distal end 18a having

protruding regions 18b spaced apart by recessed regions 18c.

An area of acoustic coupling between the distal end 18a of the

horn 18 and a pair of contact lens mold sections is not

25 defined by a solid "ring" or circumferential region of
acoustic coupling.

Fig. 1B shows the distal end 18a of the contact assembly

14 aligned with a contact lens molding assembly 40 comprising

a pair of coupled contact lens mold sections 42a and 42b, in

30 accordance with an embodiment of the invention. The somewhat

"castellated" structure of the ultrasound horn 18 is effective

to fuse together the mold sections 42a -and 42b of molding

assembly 40 at discrete, spaced apart locations generally at
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acoustic coupling. Fig. IB shows the distal end 18a of the contact
assenbly 14 aligned with a contact |ens nolding assenbly 40

conpri si ng weev21f coupl ed contact | ens nold secti onspeiRZesanb34h,
in 30 accordance with an enbodi nent of the invention. The sonewhat
"castellated"” structure of the ultrasound horn 18 is effective to
fuse together the nold sections 42a and 42b of nolding assenbly 40

at d|screu@xe&ﬁac&dgamamﬁabesabfoﬁﬂugem@l@lbycaioné74ﬂw)g@@ﬂhﬁ2ﬂ767whe

PCTI US2006/ 03107 fa ur f ac of t Id s ti ons 42a and
42b. The S&EHG Pﬁ?e gfigﬁ g?g ﬁdfqﬁa fgpﬁ RE n §8mﬁ&ybﬁemﬁﬁ%eby
by machi pizr@iaidist al @m:aq_f @nsui babl ¥, §hZ@Q3P§0n\éﬁ.rﬂéd3n@enventional
ul trasound horn, such as a horn that has pl anar distal end 5

surface, $dEH2aSURSCHRERNUSHSET PRg ahdIEn vvfeaic thes @ sphdnanddastaheend

horn 18§ I%us}kaegd bﬂcﬁoé‘é %tconwlmoh@erm dpgggendl y 40 to be fused,
only the distal énd surfaces of the projécting regions 18b of the

horn 18 are cUbshedhﬁodﬂhéahnden@fa§§aﬂﬁqmnuﬂ8ljarEQﬂmm@ enecgytdﬁE
transmtt r t e y S ta the
&dch’ YR e £Y £9Y, @@g{@b Qx}? @g@@gbcuﬁig the 1t (I

horn 18 and 1 nto the nol |scre
spaced apantfregsons floe @x&r_‘rpbéingooﬁgmnb 1&8gi OlﬁS,tl’wthDﬂnt he are

nol di ng asse 4 neral ly.as region | ongi tudi pally aligned
with the pro ruélngb Fong® ?%ﬁ}?ﬁ t%%§e£§%3u3%%'18. Qﬁ%ﬁ%ﬁ@ﬁl nl §RerIy
threelpr Oﬂ:ﬁ:aﬁsmmﬁté8bfabﬁ shewreridr oy Jasdémbly t (&t t ehbenappr eciAt eth,

t hat ot her enbodi nents . i.nvention may |nclude | ess_than three
protrusioﬁgg EgﬁgggrntféuP? e Pridts dQichesseagprlExaipralli Reof persed

enbodi nents ofii 2Ordthe, | RYABEHOMpde disstialnsendrof th@mPak) MYcalized
include a single, non-annular frotru3|on for exanple a frotru3|on

havi ng a $6B84PBAt | WEFYIE Shapeeleivgsagaenphy, 4@f f genesally agan’eiens
non- annul %nggea@ﬂngiw Usi Qhed %tq%aﬁmé éo&m%gef&egl%gfsor&sfﬂ of the

fusion. As another exanple,” an end V|emﬁ%5|n1 | ar
horn 18.

Although only three protrusions 18b are shown in Fig. 1A,
it is to be appreciated that other embodiments of the
invention may include less than three protrusions, or more
than three protrusions. For example, in other embodiments of

20 the invention, the distal end of the horn may include a
single, non-annular protrusion, for example a protrusion
having a substantially C-shaped cross section, effective to
cause a non-annular region of fusion, for example a C-shaped
region of fusion. As another example, an end wview (similar to

25 the view of Fig. 1A) of another embodiment of the invention
having six protrusions 18b is shown in Fig. 1C.

In a preferred embodiment of the present invention, the
mold assembly 40 and mold sections 42a and 42b thereof,
comprise polyethylene vinyl alcohol (EVOH) which is a suitable

30 material for ultrasonic welding. It is to be appreciated that
other materials may be used for making the lens mold sections

of the present invention. For example such other materials

include polymeric materials, for example thermoplastic
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25 the view of Fig. 1A) of another enbodi nent of the invention
having six protrusions 18b is shown in Fig. 1C. In a preferred
enbodi nent wbh 2dv@2pesent invention, the nold assenbly #fr/esroosmeiods
sections 42a and 42b thereof, conprise polyethylene vinyl alcohol
(EVOH) which is a suitable 30 material for ultrasonic welding. It is
to be appreciated that other materials may be used for making the

| ens nol dpseghcens mftddielp),esandrpivent g ymEel cexadd € Sluchsgbheras
materials include polyneric materials, for exanple thernoplastic 18
VO 2007/ 0PPHEFEPESIRIS20 R YSEFPENaBS! y med F oY dRitidrtiidied bugAfpRe(Styrene

pol ymeri ¢ coREeEL 8l snsUCh A%11R0l Yo ¥EeRe, POLYLARRANALE, acrylics and
acrylonltrlIe/butadlene/styrene conposi tions, cycllc olefin

co- pol ynePelyvaetipnes and Spoigsyst ImSenﬁ@ﬁygﬁall$ﬁélre§ﬁns acetal,

as acetal gggg%?yEt%Iene ggh¥gkgﬁhgg nylonrf Q%Jyethyl QEY??%Kﬁ%Pe

t er epht ha at ‘er eth eto ot her éfins a
crystal pbtkeysphshabytal spobpethm:medthﬁrhklertbnasommlerermmalﬁdmer and

enor gy, § BRI AmETE L TACORIE B gy S OHe 19 adPaFors THRE bl e

energy, for exanp
sof t eni ngehepgerature of the nDId section material, the higher the

nmelt or softenj rature a_pmaterial the re energy is
required to ca%%g %\%fg’r? Fgeors A{Fﬁﬂ rerfect thRe s"t’?]fqla{%s“s'L ﬁé‘ e &35 3L
to beiwel dod wiltirel i daagergialghy iy uenorsid hewabihsdyi®f eh@?gy One

material to transmt energg to a joint interface. Typ |caII%
stiffer mae€FPal iShddpereering aﬁ§m9§§|Ft(?rﬁllé@pa1b‘FIFEPetliaé§lreAl? olijh tordd

present i BYEPLb®Nnd e deNeEr alHey rdeseri ed mQ%ebB 88rHbhihng! Mhperature
vi brati onal energy, nore speC|f|caIIy, 20 ul trasoni c energy, to fuse

or wel d t®§ethd@@tedieadcttNeemeotf| eNSEEY | éﬁsreatunmﬁert%fcamﬁerweldmg -
directed ﬁﬂgfﬂ@ft§§h@bgu%&aﬁ%ges§p%%' e §#0e frggtbgel 1%¥ed whﬁgh

additionally be appli For exanpl e I near Vi ratlon mel I'ng can
used W t hgenerally influences the ability of the material to transmit

energy to a joint interface. Typically, a. stiffer material
has better transmission capabilities.

. Although the present invention is generally described
- herein as utilizing wvibrational energy, more specifically,
20 ultrasonic energy, to fuse or weld together contact lens mold
sections, a number of other directed energy techniques and

apparatus can alternatively or additionally be applied.
For example, linear vibration welding caﬁ be used with
suitable mold materials to Jjoin mold sections together.
25 Linear vibration welding is accomplished by an apparatus
wherein the mold sections are held together with an
appropriate force, one section held étationary while the other
is vibrated in a direction perpendicular to the contact force
direction. Friction generated by the vibration melts or
30 softens the material at the point of contact and the sections
fuse together. Typical frequencies of the linear vibration
welding emitter are from 200 Hz te 300 Ez. Materials

preferred for making mold sections suitable for linear
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suitable nmold nmaterials to join nold sections together. 25 Linear
vibration welding is acconplished by an apparatus wherein the nold
sections arwommdTimget her with an appropriate force, OPEI/BR04#IOIVTS
hel d stationary while the other is vibrated in a direction

per pendi cular to the contact force direction. Friction generated by
the vibration nelts or 30 softens the material at the point of

contact apdbtheisect wNstinbuseidagridherpolyphiad, fregueseiesnof bhe a
| inear vibration ,welding emtter are from 200 Hz to 300 Hz.

NhterlaIsCOBPEFéFi%ﬁ FHR AT PGV ¥ERRRons suitable for linear 19

V[)2007/021767Aﬁggﬁé§29Q§ﬁQ§1Q%§ Mo 1:3lg anoMe! dhREibRE! WEe 5 suitable
pol yani de, ystyrene or a conpdsition containing polystyrene.

Anot her Eéﬁlﬁbr i8i nhAl nbldtsecveb@inedf whicht abses naw erdppaiatus
h |
ot plate, ‘éﬁlcgiﬂ]gﬁx%écge%% gﬂa@QPaEﬁt Uént?of?%ﬁ ?’E%re&oneat %} heat

pl aten of contro tenperatturé and heat transfe
sections t@abefanldhdrESopbaoédtba a@ctmeas tbekhewkd@e@lamemdaced on

emtter. The surf ces of e ion or ectio are softened
or neltedoﬁngeFﬁen quﬂﬁﬁ s ﬁ@%&&& étﬁér i %éﬁ%qgﬁtg #%%ﬁnﬁﬂld
fromthe pkatéon @ wcﬁryoalss a)feef@dsﬁea:hefcbrohomemtaae anel djm affickly

suitable for u ontact | ens nold sections include th Iene
ponpropyFBﬁEe rufﬂﬁﬁt§@FnYPlcﬁldP¥?ﬁ§ ﬁﬁﬁ?ﬁerEQWQWﬁéd 5 é¥

wi t hi pot hRaseePLl Of ptdieer UL FRIH HIW Nkt wiesdhAgi Qnarggym vzeixdldsga
wherein nold 15 sections of suitable material are _placed in the

field of 8 enf?REChHrodEdiSng BPEEL r oFRPHANT eﬁ@ﬁéydﬁn PPk rfder@pe,
rangi ng f hemy ;Ebilén@hgmg%mngghggoghﬁggldghe - el ectromagneti c
es

ener gy |ncreas he nol ecul af vi bration of ertain nolecules in the
material to thndien oetepdatanty 2Prsupfins| emthﬁ@atth@ seopen of the

e sire SEATE iR TELC s8R0 O0SGE R gL YDA ORL DR e
or talyoredctborms of suitable material are placed in the field of an
emitter producing electromagnetic energy in a frequency,
ranging .~ from about 1 MHz to about 200 MHz. The
electromagnetic energy increases the molecular vibration of
certain molecules in the material to the point of creating
20 sufficient heat to soften or melt the mold section. The mold
sections are clamped together under pressure and the energy
deliveréd is coentreolled to a specific depth or tailored to a
specific material used as part of the lens mold section to
cause the mold sections to fuse tegether. A preferred
25 material suitable for making the lens mold sections for radio
frequency welding is polyvinyl chloride.

Another method suitable for welding lens mold sections is
an apparatus that emits and focuses infrared energy in
discrete regions within a common plane, thereby melting or

30 softening discrete, spaced apart regions within a particular
plane of material but not softening the entire plane mold
section. Focused infrared welding causes softening or melting

of the lens mold material by the radiant energy. While the

20



specific material used as part of the lens nold section to cause the
nol d sections to fuse together. A preferred 25 material suitable for
maki ng t he wersowmim7sections for radio frequency wel di mgr/UR006/031078
pol yvi nyl chloride. Another method suitable for welding |lens nold
sections is an apparatus that emts and focuses infrared energy in

di screte regions within a comon plane, thereby nelting or 30

sof t eni ng r@idsenet enspAcedoapast isegiOnpleidehi Ora PRTiGUl aftePl ane is
of material but not softening the entire _plane nold section. Focused
infrared WEFAVRG c 5B BOLDf BLFF IR o2l F G S o 1t RePFERS HBFHL fused.

nmateri al byerhere@dinant eReI@YmaVBil £ 4 heui2QpYO 2007/ 8247/84 infrared
PCT/ US2006/ 031078 radi ant energy source is in place or shortly after

it is renelEdNIt helnludsect Pohsetdid eltanpe®alypaopyésseunt i POt vsiayl

Prefer ed a
|ncludg po 3g?ﬁg?egpg?%§§ propngheghﬁ FgéF%§fW%ﬁqﬁkﬂfr@é%%ly@%&?bﬂg,
pol ystyrene orla campidsiti erepeeit abfi nbhpol ysstsaene invientanoi hea mold

t of th t Ld bl y 40 i ded
ahy ch 19 GE8FIPLY or Mkt ho BFOv ISR nAPRCE | ade, “EGER asT o ol T EONe o

hydrogel ephthalmlienbendn syt éﬁ“ﬁ|hﬂ1;cbﬁbahgdraQEECboﬁﬁaéh61ens In
i nventi on, nol sectlon 10 is rOV|d§d§$g upan belnqﬁgﬁ¥pled
with anot W& RBPENeEectFdA FBr RSP HDP e g §PHEAR ¢ éh usggion
toget her usi ngrovd dd@saiticrgnengyn Fosiexamnhgldde wikhdi BgossLMHYI g
40 shown in Fig. 1B, and shown nore clearly in_Fi 2 ands 3,

gener al | y SE6RHPYR sERTMA 52 7944 s%sﬁﬁﬁf}%yséétaitoﬁaﬂzﬁehgi}?ﬂﬁ hogpHvex Yy

shaped regh@padbn A i 8ge0nd ol d section 42b having a concave |ens
shaped region 48. The convex | ens shaped region 46 is a negative of
an anterior suF?acexampPaf, ohehalatddngersss ¥t O comedvein| dig. 1B,

shaped re S e 0 tegi ugfa
opht hal m arfesaoupopdr g eRRbakEy ol o T GERiE S DSt Y Marpriser
secti dhs 42fiast HRld nmcmvesrsu%'@t davilakl p icdanekcabns shaped region 46

and a second mold section 42b having a concave lens shaped

reglon 48. The convex lens shaped region 46 is a negative of

an anterior surface of an ophthalmic lens, and the concave

lens shaped region 48 is a negative of a posterior surface of

20 an ophthalmic lens. Before they are welded together, both of -

these mold sections 4Za and 42b may be substantialiy identical

in structure and form. The lens shaped region may also be
referred to as a lens cup of a mold section.

Fig. 2 shows a top surface of the molid assembly 40. The

25 first mold section 42a includes a flange region 49 which

circumscribes the monomer filled lens shaped cavity within the

mold assembly 40. It is this flange region 49 to which the

ultrasound horn 1is preferably coupled or placed during the

fusion of the mold sections 42a and 42b. As shown most

30 clearly in Fig. 3, when the first mold section 42z is coupled

with the second mold section 42b, the convex lens shaped

region 46 and the first mold section 42a and the concave lens
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in structure and form The | ens shaped region may also be referred
to as a lens cup of a nold section. Fig. 2 shows a top surface of the
nmol d assenbivg #002Tlee 25 first nold section 42a incl udescrush@nga7s
region 49 which circunscribes the nononmer filled | ens shaped cavity
within the nold assenbly 40. It is this flange region 49 to which

the wultrasound horn is preferably coupled or placed during the

f usi on of dHepeawlmbsent idnsoB2ehandeda@td AS1ShouBtIBSt 4303 64 €Al h¥nbRer
Fig. 3, when the first nol sectior;rpiZa is coupled wth the second

mol d sect i‘ont Z5h 1ePReSEARTRXCFEHsY stfaped region 46 and the first

mol d section. 43g.and t@@dCQﬂﬁﬁyefie&%prgéeME)2@%5/Q%%¥6%ottom views,
PCT/ US2006/ 031078 shaped region 48 of the second nold section define
a nononer r¥SNSEdVEeks- Shaped CcAEioB0 427 -g. Bt apboPlg. b5 pppreséated

top and bgigmpiews,; L&spect Y, |.,d [ : S
be appreci at ed i t hat Fi gs. Eflog%g gegtoeﬁl r gﬁg‘gt%&rr%ﬁlasqeéc ‘i oir}é)zljﬂg}d
as nol d sesdtéeng 2@ sarminchohel desecbhom2blar ersulsstannal byly dédentatal

to each other. . pri 0 Sj in t. enbodj nent. shown. | d section
42a incl ugebs ";1(():?l hbgﬁ%%’g %jjvéefintrf)pr%usssﬁ%glh g? ghep%r&)% RS ace of a
| ens and a negdbilueseapiessida ofchndes] Godht er imeigasuhbacRpobsaidensts a

For exanple, .mol.d_secti.on 42a i ncludes a. concave |ens definin

surface 48°SCERSRR SHTERGS A 1 hde"Subiiafit i%qaﬁ:%’ﬁpo’sf‘&recsﬁégfi'orﬂﬁexan

| ens défi pintgrsuef acefdee (&thown lienski 9. F&} . ekBgplbangiuedd 4% 42a
which circunscribes the lens 15 defining surfaces 46 and 48 .
general |y - FPEed GORFREE 1Pt dUrcac¥r58Cei A8UndERPER NEn aft - 4)

located radiaal kybsouhveidly &fpddies aoRCAR VNS odaf B@E@Hiﬁ%réﬁfﬁé@'w
(see Fig. 4). The flangr(ep region 49 further conprises a substantially

opposi ng S&88HB 1Tl surface 59 circumscribing and |ocated 20
radial ly outwagdly ef.the copyex,!ens d@mf?xg ngcw&&@g@rﬁ?eése&e Fi s

5). In_the illustrated enbodi ment, first nge surface
15 defining surfaces 46 and 48’ generally comprises a first

flange surface 58 circumscribing and located radially
outwardly of the concave lens defining surface 48’ (see Fig.
4y . The flange region 49 further comprises a substantially
opposing second flange surface 59 circumscribing and located
20 radially outwardly of the convex lens defining surface 46 (see
Fig. 5). In the illustrated embodiment, first flange surface
58 can be understood to be an upper surface or top surface of
the mold section, and the second flange surface 59 can be
understood to be a lower surface or bottom surface of the mold

25 section.
In some embodiments, at least one of the first flange
surface 58 and the second flange surface 59 includes a
longitudinally extending projection, for example, one or more
longitudinally extending projections such as shown in Fig. 1B,
30 or alternatively, a longitudinally extending projection which
is substantially annular and circumscribes the lens shaped

surface.
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58 can be understood to be an upper surface or top surface of the
nol d section, and the second flange surface 59 can be understood to
be a | ower wonb@me17er bottom surface of the nold 25 seddrorszo0derssaesre
enbodi ments, at |east one of the first flange surface. 58 and the
second flange surface 59 includes a |ongitudinally extending
projection, for exanple, one or nore |ongitudinally extending

proj ections sughrase:&hpne,i nadi GholB 30 ariql t espatdnee! Yonditudinally
| ongi tudinal ly extending projection which is substantially annular
and ci r cuREEENHEBYIt RECT Pl FaperY <SorPaEEe 2% V¥ 9bothoea 7érdividual,

PCTIUSZ00§g%§;87§?a59rpf8§gﬁﬂf%nsaiﬂﬁh@%ﬂkéﬂﬁa%%@r égme%bﬁes referred to

| ongi tudi nally extendi’ng projections may conprise at |east three

i ndi vi duakgs "spasedOdpart Ipr djilect i past BO1 e rainvafifents otdtierepips 60
referrgd " Qi 604). .1 hi rii r [ rent hree .bi s
50 5 e provEaeTiolRy crien’ i EolPhbn M ety bt Eret o
| ocat ed r adcatéy autMaililyy cof-wamkyva qor bhop- af pdweiconvex thensconvex

defining surface_ 48, As shown in Fig. 5, the,pips 60_arg |ocated on
The secondCPr atge St B 135 hi-ons AheiBei RbBla e Comvesot i Are
defining socheeg 46. thhe Ppr@sbHOrpsLcSPCRdatd aFPardhiadyl defings@F B
of raised relief relative to portions_ of the radial surface between
the pips Eb? ﬁPPH%gHePﬁedEFbgln%OséFEagﬁoﬁ/ﬁ'as Thgi rPdP_&erﬁ@r Cinh spaced
circuj@r hpastrHabiuberihBearBhBS ofRY-AldR Natialey GAMYHiSR e rtions
areas of raised relief, or shapes other than circular. For exanple,

the pips fayths zampeiseurfacmthkelvigpreniie s Ghcuablhaygienhe pips
partial | ygoCigneungesibi ng ﬁa%gnggy haned, sy face: MRy s%%%ﬁ:ui@?f’%e

si zes, and nunbers of pips e provided wherein collectively
the pi ps BOrgomapt adékirnatalyonpipréseciliventersnee ©ifr ctatsmd bigigier,

e oo PR 80 Blaf XATLE, (N6 Rauflet 06110552 nay

15 cc,)mprise arcua?:e segments, eagch arcuate sFe)gment part-ially

circumscribing the lens shaped surface. Many other shapes,

sizes, and numbers of pips 60 may be provided wherein

collectively the pips &0 do not define a complete

circumference circumscribing the lens shaped surface, for

20 example, the pips do not define a continuous, annular ring
circumscribing the lens shaped surface. _

The pips 60, or other longitudinally extending
projections, may have a height of between about 0.2 mm and
about 1.2 mm, preferably, about 0.6 mm measured from the

25 surface of the flange between the pips 60. In the embodiment
of the inventilon shown, the three pips 60 are
circumferentially substantially equidistantly spaced about
120° apart from each other.

Turning briefly back to Fig. 2, the molding assembly 40

30 may comprise a pair of "universal mold sections" in that the
mold sections 42a and 42b are subsitantially identical. Each
mold section 42a and 42b includes a plurality of pips 60,

wherein the pips 60 of the first mold section 42a are in
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The pips 60, or other longitudinally extending projections, nmay have
a height of between about 0.2 mmand about 1.2 mm preferably, about
0. 6 mm neaswpad7foermt t he 25 surface of the flange bet weerCcwis0sipR78
60. In the enbodi nent of the invention shown, the three pips 60 are
circunferentially substantially equidistantly spaced about 120 apart
fromeach other. Turning briefly back to Fig. 2, the nolding assenbly
40 30 magubebpntsel agpdighmeht” unister saé Milod segt icMsthen dhahat heo1a
nol d sections,42a, and 42b are substantially identical. Each nold

section 488CEnGN 4%4P i haRudde APHUSEEELYRBT 2BF pas BT Legher ei n t he

pi ps 60 of theFI%.rst sapl di SREd QR A28 Bt HdY 2310 2QQEE02L 76440 in
PCT/ US2006/ 031078 substantial alignnent with the pips 60 of the
second noPECOsERREHNWUDD BRenprRechb| HNEEiThstate asseimilat R guold

5A il lystr, ngg he i 40 .10 . ac dapc i : .
resent | BOGRTTan Lhat TeSi CiFs MPLd CrePof CERY TR0 Ut ided Ty, gix
mol d sect pons1460i srprlvan detami thres )x lpiceseti6@Gadiafhgr obhamrdly esf) the

| ocat ed radjall twardl y.of t | ensform.n urface 154.,.This
1ol d sect T6RC 148 EaR e U R ERT ih€5e4| y oEEe e Psa}?m &P nEFE by
pi ps 160, efiseaygiaily ubigeaasdund horsedginnacdetdanaebw bhps hesd nventirnmn
having the_ 10 distal, end shown in Fig. | ¢ and described el sewhere
her ei n. IPl%ﬁ%ﬁWﬂuﬁehﬁﬁﬁréBiéfﬁﬁrgﬁﬁ € FHgséﬂﬁ(ﬂﬂyquQ%%oﬁﬁﬁﬁeg the

W th op hedigadpdim®Eiowdf irheriighvest bR dBYc PB4 Qi fisthaMet Reraiy.
nunber of pips_having any suitable height, wdth, and shape. For

exanpl e, the pHesdtuihRamtararafiy sovPae MBlld $5C580RFoHS FRRATRRNCE

I ess thanyt B eetRbPSemPBESMERES LRI €8ePiiR%enthith S4IMUL pfRUIGR RSith
or nore. Advantageously, each pip 60 is structured and positioned

to. be ef RBEtINVEDES a0Hi PEPEt ehd¥iNDcaryzeiitagilon beighisi onidbbt wear
the mol d spebé Ons 422 andnshad WD PLLESRONLGVENLEEY a0 'pro3RBL! &ig

t her et o.
15 sections having less than three pips, more than three pips,

for example, four pips or more.

Advantageously, each pip 60 is structured and positioned
to be effective as a discrete or localized region of fusion
between the mold sections 42a and 42b when ultrasonic enerxgy

éO is applied thereto.
! Purposes, aspects and advantages o<f the structures of the
present invention, will be more clearly understood with
reference to Fig. 1, 1B, and 6. As shown, the castellated
ultrasound horn 18 of device 10 is structured to releasably

25 fuse together the mold sections of an ophthalmic lens moliding
assembly, for example mold sections 42a and 42b of the molding
assembly 40. The wultrasonic horn 18 may be sized and
structured such that output regién 18a of the horn 18 closely
fits to fhe peripheral portion 58 of the mold section 42a.

30 For example, the ultrasonic horn 18 may have an outer diameter
about equal te the outer diameter of each of the mold sections
42a and 42b, for example about 20 mm in diameter. More

preferably, the output region 18a ¢f the horn 18 is sized and
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Pur poses, aspects and advantages of the structures of the present

invention, will be nore clearly understood with reference to Fig. 1,
1B, and 6. wWesdvmams7t he castell ated ultrasound horn 18 @fusiessioem7d0
is structured to releasably 25 fuse together the nold sections of an
ophthalmc lens nolding assenbly, for exanple nold sections 42a and
42b of the nmolding assenbly 40. The ultrasonic horn 18 may be sized

and strugtuneduss€h thah outhput rgg onpiSgeofidde hagnod§ chesel Wil
fits to the peripheral portion 58 of the nold section 42a. 30 For
exanpl e, ERBSHRRFHRBH @GP vishnhenBol afe Tty RiiciMstdrnsapbut

equal to the ouiekodd aeLRlkiely saehnhctheenBl Qréeﬁigé’r%rm?’%?ecf‘"ﬁ& the
42b, for exanple about 20 nmin dianmeter. Mre preferably, the .
out put repkesenBalorerhiothor nFe8 iesagpzed andetipdWdROWOZENGE with

PCT/ US200 3 te ed s tot «Qj.ect] eqi :
Wil | %ubgégn%?%gwéawgﬁ%ﬁ %h ‘%I%Ige%lﬁ d s%%'fﬁl}ro}%e%r c‘)_’} gsgct |pog¢592®?4‘%%mg
Met hods o& Mhksngnald oseciciion érsiage aalceovprolededshypedesupfasenind a

i nvention,_, For exanple,.a nethod,in accordan wth 5 the presen
vent 1 onzhanes o ERRe e fedied o S R g o i e hape
section hawinged, cemeexal ensosltiapadi surdeaad candhaviiid angecbaghed lens
| ocated circunferentially around the |ens, shag(g surface, and a

second nofdPRELt FBATASRI AG%a 2c onERAS | BFf O hapett Sir FaEeuirFeptially
f1 angg) r egiOnd 06t etlertd roAMFEraniiald Y 10 arqund dihe densmeshanat and

surface. At |least one of the first and the second nold sections
i ncl udes B'pr sPEREFOACIROPCERARPFe INCARERE SuPRCAFCtdrPY dfulample,

proj ectiop,gi £ comssEdbing ithedensr $hanedtissi O Qindlt8iNat iRl Yes
plurality of spaced apart “projections Such as described el sewhere

herein. Thlaped heggaisnf it hetteomprisdsy prowidingd i& ymonbnepacedpamest
in th ; ] fac t d ti
In the Cﬁ%f Ce‘l:lncg‘ll‘a §9&P?9s3‘d{es%%§ﬁg‘;d él%}]e%t‘:i‘u%(}% ax{@%e%ﬁec 98 3 hog

assenbl i sections toget suc at east a portion
of thE¥ flangeer egpmpricfesopeorfidihg aohdnemeri oerpirsentn igubsteanmtongave

contact V\iérbs aéhéggéts@rfaocretioofq ﬁ{etsheeéérllénrgoelc{ esqgc%nioq énhc{a assembling
the mold sections together such that at least a portion of the
flange region of one of the mold sections 1is in substantial
contact with at least a portion of the flange xegion of the
20 other one of the mold sections.

More specifically, the first and second mold sections are
coupled together so that the one or more longitudinally
extending projection or projections are located between the
meld sections and provide contact points between the meld

25 sections. The method further comprises applying vibrational
energy, for example ultrasonic energy, to one or more discrete
regions of the coupled first and second meold sections
including at least & portion of the one or more projections in
order to soften and fuse the first and second mold sections

30 together in discrete, spaced apart regions preferably, the
regicns of fusion not combining to define a complete annular
region of fusion around the lens shaped cavity. The method

further can further include the step of causing the monomer
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20 other one of the nold sections. More specifically, the first and
second nold sections are coupled together so that the one or nore

| ongi t udi nawbyoo7ezi7endi ng proj ecti on or projections are BEICER20w/031078
between the nold sections and provide contact points between the
nmol d 25 sections. The method further conprises applying vibrational
energy, for exanple ultrasonic energy, to one or nore discrete

regi ons okochbeneaupliad Hhd stermndreeond4mi € sest belsmetNgd UdbNGE RN a
| east a portion of the one or nore projections in order to soften
and fuse t-B8SfPFefUGhd second nol d sections 30 together in discrete,

spaced apart regioagappeter abk¥rrihg nb§UIsPRT 1 hUS, 08 oNGY gGOMhIE gy
to define a conplete annular region of fusion around the |éns shaped
cavity. The rethobd pgpehbtyYcif fifr t heevidedudehene $hep rofldamsserply

the no Omé%mg%?s%@ %98”&%&192 %gr/l Q;laq?’l'olﬁgive Qn%ﬂt%:lcl nsé@@ions
| ens- shape avity to polymerize to forma  |ens product. For
exanpl e, rtehereany howlspedidilcaldhe todrifgsnaléBmanding, sarfetes. Each

assenbly 40.i,s provi ded, ,where t nol d, assenbl conprises.t
St ar oP oot i Ve Paa) 4| B CBe oD e Rar - Eh, PROTSHEC R
mal e and temate aphdt ngreiwdionas daghipoé@. secthi Bl 4 2emishdh et e atte

i ncludes three equidjstant]y, spaced,apart projections or pips 60. In
Lhi s emboliLhERPoTEheroHE (1 A2binBoRorhoRgY Shpdbe, FORERPOH ARGSo a8 Lo

assenbhyy 40i§0 BSolSctih@l 4t d¥:0j18H id¥W #1egimiis 18D oftd hend P ipslo.
with the Eips 60. The nold section 42a proximate the ultrasonic horn
18 vi br at 8¢ RPLR FPetifbuta RRoEretqy toRi lédappphe tmery) 1§ agkhrates

horn 18.,Thg ehberadBi4:1304t iQARb dmihedd kboR kabatiMelasdhiikethorn
position so that a relative notiornof the nold sections 42a 15 and

42b at thé8int Enpacheakeslpl aeetaen thed plpshebd Thea ot ket Hsvlnbl yxed
can be regtrained Ly aAYLSUl tPé’.L'aec'%m}%FtdéH'&E EHS mhdI NG HALACESS 4
ns of the nol y 40"t hat

Vi bratory energy at discrete regio I ng asse
i ncl uties &hé H2psateOtiis lgvrenderced tages place at the pips 60. The mold

assembly can be restrained in any suitable manner during the
welding process. Vibratory energy at discrete regions of the
molding assembly 40 that includes the pips 60 is converted to
heat through friction, which softens and deforms. the plastic

20 material of the assembled mold sections, thereby causing the
pips 60 to soften.

Turning now specifically to Fig. 1B, it can bhe
appreciated that regions 66 located between the pips 60 (which
generally align with recessed regions 18c of the horn 18) are

25 not exposed to any significant level of vibratory energy, and
thus these regions 66 are not fused together, or at least are
not fused together to any significant degree.

When the softened state is reached at the mold section
projections 60, +the acoustic vibration may be stopped.

30 Pressure may be maintained briefly on the mold assembly (in
- the direction of arrow 70 in Figs. 1B and 6) while the
polymeric material solidifies to create a molecular bond

between the mold sections 42a and 42b at discrete, spaced
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heat through friction, which softens and deforns the plastic 20
material of the assenbled nold sections, thereby causing the pips 60
to soften. wonmmgimpw specifically to Fig. 1B, it can beTws2006/031078
appreci ated that regions 66 | ocated between the pips 60 (which
generally align with recessed regions 18c of the horn 18) are 25 not
exposed to any significant |evel of vibratory energy, and thus these

regi ons 66paf%-cl'te gg%tioggsedT589§£Q§£e 8{7/@'}?& rh%gsée a&(c?corlgﬂtisfhléﬂ?legn a very

t oget her 0 any gni ficant degree. en t softened state is
reached athdtte nminek.sect iBor premede.onsn60,sciide aobwstimentsbr afi ohhe

may be stopped., 30 Pressurge be i ntai.n briefly on th I
assenbl y ](r?‘ﬁeqqﬂ@ndir 1i%h %?Q@%?%Wt g i Cﬁlg)g‘.s 15 af chp%%é;&)t ggom
pol ymeri caymiterdo a4 setdrtid i €5 hboateahe aemdhecul arhdoatrebhgtiveen the
nol d sectjons 42a and 42b at discrete, spaced 26, WO 2007/ g2%767
PCTI US20087°0316%8 thepaft STERT On<eFRBSentd r BPRYRF E Heg he that ©f the

acconpl i shadd RaVEEYal ShYulrihiciBarkor wxeH e, wilhsoa® hadbiestsc
of the i'nvention, fusion between the sections is acconplished from
about 0. 3naf@scrds t 6hgbolielbihrdseddRAd. SPRRREFENgtIP o ittd g j 8En Fhe

the di scr,@%tiefbi%qi ONGod$ aHBEOAXiéTH;ﬁla)ﬁttiEQELyOf dfctPar ept Malehkakcal

parti cul ar ecause wth a thernoplastic "material, the nelting and
subsequemramitdieyichgreéft he nmaterial does not . substantially

af f ect, t he neghanj cal rties 0 0 GAN adil.y
apprg@i at ed b?/l‘soncegr?nr?ﬁéggfelbf O?E)B%f')ﬁlt%taﬁdrlﬁ %ﬁls-enses?ﬁi Eyhles Pfeld o
i npor t antoditata e Mehdesectitols 42@ordandt42babe tpeopedby sakkgoed 42a

(o121 ve 0, RN A et TN ION A8 g [y LOBTBLELDS asserdly
pi ps 60" 15 afurfhdg aeettonrd#ga havensohéd tifriechseehijiovioddecmprising
2ézcrghgw£;£%ﬁ§%da%%ﬁh gggkgggsoz2£u§$8n4 ekﬂfﬁskhﬂﬁ W%Bqt%%C%EBQSGO’
15 of mold section 42a have solidified and provide discrete,
spaced apart regions of fusion between the mold sections 42a

and 42b.

The filled cavity 50 between the fused meld sections 42a
and 42b pr@feraﬁly has not been altered through the fusion
20 process. Typically, it is not desirable te cause any
deformation of the monomer filled cavity 50. Protrusion 74 of
mold section 42b makes intimate contact with mold section 42a
forming the lens peripheral edge without deformation or fusion
of protrusion 74. Another protrusion, for example, annular
25 protrusion 76, located radially outwardly of protrusion 74, is
also provided as shown. In some embodiments of the invention,
this structure provides an interference fit against a
structure 78 of the adjacent mold sgction 42a, and/or this
structure is useful for facilitating proper alignment of the
30 mold sections upon assembly thereof. The annular projection

76 stabilizes the position of mold sections 42a and 42b with

respect to each other.
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The filled cavity 50 between the fused nold sections 42a and 42b
preferably has not been altered through the fusion 20 process.

Typi cal |y, wo2n®/meok7 desirable to cause any def or mati on mafr/td2606/031078
nononer filled cavity 50. Protrusion 74 of nold section 42b naekes
intimate contact with nold section 42a formng the | ens peripheral
edge w thout deformation or fusion of protrusion 74. Another

protrusion, fofh@xafﬁ@l'cﬁun?ﬁinﬁ!dbéﬁbi@e@ro&f usirn feskacat eflvéi i | Yare
outwardly of protrusion 74, is also provided as shown. In sone
enbodi nenBdvaRtagronhlient | YrEUCHUERE st Bfct urREPHGindes & Means  of

I nterferepeerdibn AOM NP £hsi B M UL URR148 Lol adiacentgmbd sectiqn

42a, and/or this structure 1s useful for facilitating proper
al i gnnent cefisihe 30y nelghisEcEndénsegpbhvaseéibiyst biszteafay e cawaddaras

projectio apg| | h i.tion, of no j 4 nd 42
wth ies%e%%gtl%% eg%:hu%flﬁaesﬁqn%ﬁ%%&ggoyg b?%?%gaﬁgﬁtﬁ%oﬁ(@%ﬁn &
nol di ng. asskeadd| cesioy bhe preseekampient ian iar elexdvablageousdpply the
structured, as providing a ans, of .ultrasonically fusing.the | d
Secti ons T EIRE U APTENGAR 2 AT P ity L IFLATE JAERVD S0 23
effects that d@my keuveauseshBaSaHon r 6sul thef ddilvnrSeREBlLENEE@NAEIidn,
transmtted to the nmononer filled cavity 50. For exanple, it is

desi r abl AYPRFHASPUHY : BIBIEEELG ehbr §YLaPTal foERT off &RfinS Forf ke

cavi t i S0r&afsing o FAURS- LAY tb@ﬂu@én“tﬁe"‘?i%' YRl i22abli®e filled
conposi tion. Advantﬁgfously, projection 74 and projection 76 define
a flash 1€2¥Et%i 1§ ng Breddeg? deseatedipet REeanphbepi pol o leamt nurtural

filled cayj it .Qf r i | r .al
r rangenent. TR ol ot a b ng aronire A Gioy AR I MR
Pat ent NoV.%, 408;99093 NoAl tertAat P¥@- nol di ng assenblies 240 and 340 are

o 8 ors TS, SRRy TR Tl PSSR Efy 240
pri mary drid=r ehcande?d ngesiecishegier .of THespinpslding tdmsemblies 240 and
340 are substantially similar to molding assembly 40, with the
primary difference being the shape of fhe pips-'and the
location of the pips. More specifically, molding assembly 240
includes mold sections 242a and 242b that are substantially
20 identical to one ancother, and include tapered or conical pips
2607, in that the pip 260’ has a first end secured directly to
the mold section body 242a and a second end extending
longitudinally from the first end, and a cross-section at. the
first end is larger than a cross-section at or near the second
25 end. Molding assembly 340 includes mold sections 342a and
342b that are substantially identical to one another, and
include tapered or conical pips 360’ similar to pips 260’ but
located further inwardly of the outer peripheral edge 90 of

the mold section 342a.
30 One of the advantages of the molding assembly 340 is that
the female side of the top mold section 342a has a peripheral

region above the pip 360’ that may more easily accommodate the

castellated horn 18.
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| ocation of the pips. Mire specifically, nolding assenbly 240

i ncl udes nold sections 242a and 242b that are substantially 20

i denti cal twoameg/nartet her, and include tapered or coni calpquigE006261078
in that the pip 260" has a first end secured directly to the nold
section body 242a and a second end extending longitudinally fromthe
first end, and a cross-section at the first end is larger than a
Cross-section @te Olpd1g@k riik@bIec opsmEss iafichn MakgH NGe asipli¥d340o the
i ncludes nol d_sectijions 342a and 342b that are substantiall ,

i dent i cal CA3bReCHMEherY AndONTRARFHRA LapEtdP it c%ﬁﬁwarp@r gleggp ox

simlar tenhpi B8c268ns bihy bacabadebubikhekiunvwal Ay (N OWLRMUm ang
peri pheral edge 90 of. t%e nol"d section 342a. 30 One of the

advant ageshef PRBOWM®T di ARJastedbl yn8a0 As tI9att. t he Theml pokyrkrigable
the t j i I t i Q'
e top ”Blaﬂgégﬂicﬁ{; 24p2 ]9@3 é;@_g&gﬁgeﬁer&{tq [gggg”%&%’&% tﬂ%?{/\%h%%ed

that may noré easi acconmo caste orn 18.
2007/ 02176&mP0T/ WS2006/\0FEEE8 uFheg pal ywigrezabl er caypdsigei.on Thy beold

supplied to cavity_ either by.a conventional, two-part sprue and
b o Seehisn B et LS et REa L BRrRmfaat Hradl <ySeud =
and the pbhhpoete i ydedgd | fdomianPaiixtulee qol amermaadhe Mmixture that
conposition can be di%pgﬁﬂsed onto the_concave | ens shaped female

[

mol d surf &8 udfnd'F T e GIARN nd&P5FRe RBFA QBctIdH 4ATHRRP e

suppl i®d wbhhedt TRRANBydHOHeUr @a3eehads ar Shii Qﬁggaﬂwmp@eﬂeﬁsord'éme
m xture or ané nononer m xture that can be used for contact |enses
such as gaR%4péfRedNle aAreipientianandhytibgéheratalided @ fnged as

i npl ant abggstensedevi ftnaid Hdie 1Pl d BRet hODInd28 ANE 420 ddi8Rion is
wel ded or fused as described el sewhere herei'n. The pol yneri zabl e

conposi t i BALYEEriFEIcy st | S adyl & e eSUfdares sertrus expostiteavgolet
ul traviol elgnd i GAL +REhOE! B-cCUFS: AT o1 $HbLADIE A RO OLidd T sS s
is 15 known in the art. Another nolding assenbly useful for

manuf Bct uknesgn conttaet art.

Another molding assembly useful for manufacturing contact
lenses in accordance with another aspect of the invention is
shown generally at 140 in plan view in Fig. %9a and in cross
section in Fig. Sb. Unless stated otherwise herein, mold

20 assembly 140 is substantially the same as or identical to mold
assembly 40. Like mold assembly 40, mold assembly 140
comprises two "universal" mold sections 152a and 152b. Each
mold section 152a and 152b includes an optic region 158z and
158b respectively, having a convex male molding surface and a

25 substantially opposing concave female molding surface. Each
mold section 152a and 152b includes a flange region 16la and
i6lb circumscribing the optic region 158a and 158b
respectively.

The primary difference between mold assembly 140 and mold

30 section 40 is that universal mold sections 152a and 152b,
includes a substantially annular longitudinally extending
projection 165 suitable for fusing, instead of a plurality of

spaced apart pips 60. As shown, the annular projection 165b
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| enses in accordance with another aspect of the invention is shown
generally at 140 in plan viewin Fig. 9a and in cross section in
Fig. 9b. Uwezsoraeked ot herw se herein, nold 20 assenblnycrid$2006031078
substantially the same as or identical to nold assenbly 40. Like
nol d assenbly 40, nold assenbly 140 conprises two "universal™ nold
sections 152a and 152b. Each nold section 152a and 152b includes an

optic regci,mmll%ﬁgsnegglgioé% Subr%%Deﬁifsie\éelm%tkpaavi{{;&ﬂoﬁo%‘fe@l%:g% region

nol di ng surface stantially opposi concave femal
mol di ng seff frewled $Eacti.omol $Rbs ot | b cbSd® arepat®2b dapdeitudesagiphangach

region 16la and 161b ci.rc cri;bi.ng tfhe_optic,regigon

respecti VT y.SH?H% p&?yna%sﬁi‘??f&%g‘ﬁge JbIl;(;t \E;ggn rcrgn )d égseﬁl%?} iﬁg gax%gged
mol d 30 sefildnen 401 s dlkaly usuketsatiably sactilms 52 esrtdob52R65b.
i ncl udes a substanti all nnul ar, 1 ongj tudi nal | y  extendjn pt oj ection
165 sui t dRAEFINF BT nfelt nEPedd Jof 'plﬂf%l T’?zd%‘?l P%Jéi:‘g‘as aé)ztt a;L)LPBQ
60. As s e N raNMMEAra Y OB naARdLEDP rZPi IR 2007/ O21467 fusion or
PCT/ US2006/ 031078 of nold section 152b is fused with a portjon of

flange regilohndf nofeesecticgnons2plih dfschet fusipicelrapittding are
| ocati ongySUGg Sgﬁigﬁaé@ygs'@@ﬂ?ﬁs | bpes rbheEt gon 98558S whisRd Bhtact

wel ded regions 171 g substantially anndl ar projection 165b. 5
Ref er ri ngprasfags [outo afieg nogBponfedwepded porreopending AWHgce portion

broj el | ofl. 1950 ALGRCRAALA1RYa! 681 ORS Sk PIndlly T4IAON 522, The
wel di ng. ese regi ohs of 'no fusion or we cﬁlng are defi neg’ by
surface phrdddonsegioms 0jiGdt icore 1B5dfaviicly coatacty ocrsifrecethat cangact

1ot DONded G P! FRPUIAN, S B ALLONAO, L NG| 808y or

are pref efadilon .madenby disitpgtt hesseapillygctll assenblyced 16f devebewdOand

create L6 diagiel ool eghions ol Lus! ol The eont Ak a3serly . ohure
cast ejsl at @thodnr welstr @ 1ed21(Shewm giosipicl early in Fig. |b).

One specific example of a mold assembly is illustrated in

FIG. 10A and FIG. 10B. 1In this embodiment, the features of

the mold assembly 140 are similar to the embodiment of FIG. °A

and 9B except that regions 171 {indicated in daéhed lines} are

20 gaps or regions that are not welded or fused, and regions 173

are—welded. In this embodiment, the flange surface comprises

an annuiar ridge 165 circumscribing the lens shaped cavity on

the upper surface of the flange. The lower surface of the

flange comprises a plurality of recesses 171 extending into

25 the flange region. When a first mold section is placed on a

second mold section, the lower surface of the flange of the

first mold section is in contact with the upper surface of the

annular ridge. The annular ridge facilitates stacking of the

lens cups prior to mold assembly formation and during mold

30 assembly formatiecn. The annular ridge may also effectively

reduce prisming of the lens forming material, such as the

monomer composition, during the formation of the mold

assembly.
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One specific exanple of a nold assenbly is illustrated in FIG 10A
and FIG 10B. In this enbodinment, the features of the nold assenbly
140 are si mwbanorithe enbodi nent of FIG 9A and 9B exceptuszbatiosiors
regions 171 (indicated in dashed |ines) are 20 gaps or regions that

are not wel ded or fused, and regions 173 are welded. In this

enbodi ment, the flange surface conprises an annular ridge 165

Circunmscri bi ng.f hgy{ eso$haped Gavidy 88 di&ddPPeh LWace afidethe
fl ange. The | ower surface of tﬁe flange conprises a plurality of

recesses Upilerexdurfdiosy iswch 26 tithe filange r & dhe Wiarrta roldsserbign-
section i I?ﬁﬁq . 0 S i .he f

fl ange oflsrﬁ?e i rsggtm%olh %gie%lo%ﬁie:}ss ?%ttg%%fjgég v?ﬁh't%\%@&héng%ggsgg the
surface ofigdte mehusactidonigeo Fheeamoultdre rsagend aweld t a¢esist.ackilhg
of th | ens, cups_pyrjor _to no assenbly fornmation _and durin ,d
assen‘gl y Lb‘?‘%?é‘ti%%.{%et‘é{ﬁnﬂ‘f’élg P éoﬂéylgl %nefcfoé%tlwgﬁ a?%%%etgg
prism ng pind hayd ens did Enghgmtaidian, oFutheasdilie sem@iomer This non-
conposition, during the formation of the nold assenbly. 30

WO |
2007/ 021 7R PERUS2008139T0 782 1A t rAdRYEhoiFiddh Be ploar&gtipnal

contact w408 1WPPEEraUr fa6eng SUEh Assthatiikange, ppindhe diiskstt mehd
section. The ultrasonic horn delivers ultrasonic energy and causes

the firswunfsiag sesdboms @ et irgorise 148god tgIS@ndEcPPER: ThReCBR be
fus'Qﬂ)Ofaéﬂﬁéééﬁp Hyig%sgﬁtbgﬁgeif?@QT'EQEEhQHHEé Hawd Lhe qilelgsed

cup or the ange region of t mol d section. This non- continuous
fusi on caredr rachiBhe dwsiong crrcemmmenrt iognaihe Wutegs @fige 1961 fhravidgea

substanti al |y, planar_distal d ur S \GAL i nwous K |,R8
ul trasonit h%tr n‘fanoroc-f':caunrsbog'l 1‘%{Eac O|s‘£'3evs'fe uscieng%(%; tgl}s?reﬁq%%t éilg&iufukt Fasoni g
horn, as ghclosed ther eunerThagbusbonticanfostom roay tieclogker edgsioh

the ri dge,f gr i.t can (ﬁccur ogythe.%é)eo surface of the ridge and

i nclude & i1OR<t SPHE Bht BPC etitfé®or the fusion may include a

portign of thed Mecoadgauohst fesiéwgef the first mold section to the
second mold section can provide substantial benéfits relative
to other types of mold assemblieé, such as mold assemblies
that have a continuous fusion ring around the lens cup. For
example, fuéing the present mold sections having recesses
20 located in a flange surface using an ultrasonic horn can be
achieved with little if any opacification, pitting, or bubbles
forming in the lens cup.

Even though the fusion of the two mold sections may be
discontinuous, the two mold sections are securely fixed to

25 each other such that the mold sections are not easily
separated during further manufacturing steps.

FPurthermore, as discussed herein, in embodiments which do
not wutilize ultrasonic energy to attach one mold section to
another mold section, the fusion zone or contact region can be

30 continuous around the lens cup. For example, if a first mold
section engages a second mold section by an interference f£fit
between the two mold sections, the contact can be a continuous

contact region. Similarly, if the <first and second mold
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15 The di scontinuous fusion of the first nold section to the second
nol d section can provide substantial benefits relative to other

types of noWwoawgermet i es, such as nold assenblies that HEWES2806/031078
continuous fusion ring around the | ens cup. For exanple, fusing the
present nold sections having recesses 20 |located in a flange surface
using an ultrasonic horn can be achieved with little if any

opaci fi cateeniopbt targ, autdatiedl eso feasdhngotied hesyl eRsatdp. E¥enother
t hough the fusion o | d sections may be discontinuous, the

two ol d S¢AFPHRY éi{eeVJéz@@urngD °f | XIH AT f@@féaeh DRMePesueh FHAELRYRIS

nol d sectis@pgcaneeNOt easily separated durlng further manufacturing
steps. Furthernore, as discussed herein, in enbodinments which do not
utilize ultrasBAreinhergy (i aFidieh dne WBEdPIBEENEN Iyerdrdonhefurniiar

secti o, bggvggégognzqm%éyagagﬂ§Eé Q?%ﬂ Qﬁﬂ:b§r§9189ﬁ% QUQH%MmEE%C

around the lens cup. For exanple, 1f afir sect10n ‘enga
second nokdmpesitibrr by sueh ntaey f er erdd ifcione béydeegel helenms mmteei:ursor

secti ons, ta a cont.j huous 0 ct region. Si.mlar

") PRPELEATL A8k B oyt ol DB e L Pk B8 80T 1 ekts

sections mbédﬁngaeh$@mb¢yeaﬁh4othemhby qratees olensheshapddanpangty is

devi ces, the co ct re |on c n be co tinuogs truct Turnin
ﬁ% i YSOg

now to Fi §*¢1%%2 betr CREF r%v?ﬂt@ $getion stch

appar & uSaslmdmfmbdf andor eubdm NG 1% eMBRYBEMdre iGONMPAS idldcOR dagdeh S h
a silicone g dro | ens grecursor material, in a contact |ens
shaped caf@F % épﬁﬁEﬁac | ehB® nBrEFRBtasdBNBRyL8R4. Thdtcomiddt be

| ens Shapéﬁpﬁé‘&iét\/edsthﬁrtef gpphkYtas CONCAVend eNn1zapsd cavity- &For
nol d section such 10 as descri bed and shown el sewhere herein in

accor dancBr Wi Hingt AefoBSPREt SOBPOBREIPR eFONtCANTEEFELBAL |CONfRILE Pens
appreci atgdy hhatiapparatus 510 may al so be utilized for providing a

nonomner COI’TTJOSI tion to conventional contact |ens
15 The apparatus 510 generally comprises a dispensing unit

520 having a dispense tip 522 sized and structured to dispense
an amount of a monomer composition onto a contact lens shaped
surface of a mold section, and a syringe assembly 530 for
directing the monomer composition to the dispensing unit 520.
20 The syringe assembly 530 i1s directly coupled to the dispensing
unit 520 as shown, for example by means of fitting 532.
Fitting- 536 may comprise an elbow joint or similar coupler
structured to facilitate coupling and uncoupling of the
syringe assembly 530 from the dispensing unit 520.
25 The dispensing unit 520 may comprise a pneumatically
operated diaphragm valve.
In a specific example, the syringe assembly 530 comprises
a barrel 540 and a piston 542 inserted therein. For
dispensing light-initiated monomers, for example, in order to
30 produce silicone hydrogel lenses, the syringe assembly 530 is
preferably a UV blocking or filtering syringe, for example a
syringe assembly which blocks about 95% to 100% UV radiation.
In one embodiment, the barrel 540 of syfinge assembly 530
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nol d hal ves. 1.5 The apparatus 510 generally conprises a di spensing
unit 520 having a dispense tip 522 sized and structured to di spense
an anmount owoao0immower conposition onto a contact | ens shEpestoss/03107s
surface of a nold section, and a syringe assenbly 530 for directing

t he mononer conposition to the dispensing unit 520. 20 The syringe
assenbly 530 is directly coupled to the dispensing unit 520 as

shown, fopo&¥8NPAolry BBansc Ol i ibhoge B3 LomJdstikiing 5864 My GO -8B/
an el bow joint or sim|ar coupler structured to faci|itate coupling
and uncouPtPRYIBE t REFLRIA | AFE HOLYDICER538ef r BEEEhe" PR pehle ngnennmer

520. 25 ThegndhspPensh ey 1iR2endBY §OMRAE SEy ar-NauyAtLi cal ly

operated di aphragmvalve.” In a specific exanple, the syringe assenbly
530 conprises Paipartrel usdothgreat pi Sronssangdaszgiash ivher ¥l nis Forlled
di spensi ng.light,-j njt] o] ' er 4,0 30 .
produgi sgf#%oﬁgm%gﬁé%%% |g§§§§$I?%%£s§P?§§gH%§%e ?%5%384%53£; ho4
pr ef er abl yualV ibiseckiedg mrsifbiloherimg oxderngsy éosuexanplé ano sgfknges

assenbl y ich bl ocks, about 95% 10Q% UV radi ation. .lLn

erbodt menk PP i ShEeRBEER L og P nge THEs 836 EE TN F007 s AP
PCT/ US2006493 1078 deelidacabotd Froaecel aRBOMIndMOsbinbp6Bibidn Arom
non- W bl ocking s ringﬁéassenbly can pe used when the nononer

conposi t i SR bEHR RIS RPT L HES GRS ddid antke pratsr 3¢ UsEr Thdrddng
the syinge asggsbly B30k stid IhLekeD MMd hid hel MO GIPNRI tiORhen

while the piston 542 is in a fully inserted gosition in order to

ensure t hat2fRA afR tae Ra®deddOn t ABeh&APeP484DS Tpeked riqgeie barrel

assenbly $30,and aaRy 248xarR HeshgRed e Priahegt s}]ﬁ}‘inﬁ%n%‘éf‘sre bly 530
conposition from contam nation bg particles and the |ike, angiayso
from t aki ®3p 1theh Rexyjeredapptilt he baryedubzsslis filled, a cap 548

S then praced ondhenBargl. S4lhacTenGamaitfd s |BaK8LiLIchNG s not
arrel wusing a luer o mechani sm e filTed syringe assenbly 5
15  contacted with air prior to being dispensed into the mold
assembly, as contact with air could cause bubbles/voids in the
final contact lens product. Tt 4is desirable therefore, to
purge the monomer composition, for example, using nitrogen or
other inert gas in order to exclude oxygen from the mohomer
20 composition prior to the composition being deposited into the
syringe assembly 530. The filled syringe assembly is stored
in a water cooled jacket effective to keep the monomer
composition at a desired temperature of between about 4° C and
about 36° C. In certain embodiments, the monomer mixture can
25 Dbe kept at a substantially constant temperature, such as room
temperature, for example between about 20°C and about 25°C,
for example between 20°C and 22;°C.
In a specific example, the apparatﬁs 510 comprises a "EFD
CLT valve dispensing unit, and having Part No. 752V-CLT-E, and
30 an amber 55cc syringe and piston set having Part no. 5113LBP-
B, both being manufactured by EFD Inc., East Providence, RI
02914 USA. Suitable components are also available from a

company called PPG Industries, for example, pale blue 55cc
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can then be stored until it is required. It is inportant that the
mononmer conposition is not 15 contacted with air prior to being
di spensed iwpaot7hermpl d assenbly, as contact with air caualubommws®rs
bubbl es/voids in the final contact |lens product. It is desirable
therefore, to purge the nononmer conposition, for exanple, using
nitrogen or other inert gas in order to exclude oxygen fromthe

nononer 2Q,60npasi Phod Nd Or 3kesbhe genpesitdon pheinansepesib ey, | B h
the syringe assenbly 530. The filled syringe assenbly is stored in
a water cwvarédtisfckeareef fBet ibloakdnReepE hel@dphonkRe corposikiedn deck
desired t?gpg&ﬂ.ﬁé{{@ of between about -4 C and about 36 C. In certain
enbodi nents, the nononer m xture can 25 be kept at a substantially
const ant t enpekmat ar espesuidii.casexaurie, t ebiper digpenpséomndstanjd®e hetdeern

about 20C and..about_ 25C for example b en. 20C and_22C.
e poui 1T o aBihs o8 RERSnes, aPIEORTh o ShrEELi G PRImERE abBuf three
di spensi ngontadt asfdsbavi ngTkRar tpINege SO CLIpEraans pldQuantacdrly by

55cc syringe and_pi ston set having Part no._5113LBP B,  both bei .
o aet U Dy CERBLF @ SSEREE . P doico. TRC BESRANGANS it aprR is
conponent sofid-tds & Al ke shiem ane cgpany cal l ed PPG I ndustries,
for exanple, pale blue 55cc 33 WD 2007/021767 PCT/ US2006/ 031078

syringes Part MParadss23°khdiprévens Par tvaNge 36303 st ook arhtthed s
are UM bl geki hg..anf @@veoaego§a%1webgbﬁcIfm@%t VTN . 1L8s@ one of,

specific exanple, the dispense unit 520 holds an 5 amount of nononer
conposi t i and sukiferaht vt dotdke odhouthe hegEingsnt agsenelise§30THRNd the

pl unger 5. , pNeusRt i ca ' QSSUr €.l
pLuToe S80S preueati oot By, BoesieoL s Bogsay pistgapy
Appar at usmsdiop rlasdes ~dageky @ncoptuogitheane8580 wielghbily an@ precisely

StrFCtULng~£ %RgtE?%ﬁgak%%.qgﬁ%e%i gﬁ%;%g%é%?ﬁﬁfogfopf’A %%Qtable
pr ef er abl y“ bot A of , € syringé assenbly 53 n e
15 wvalve controller is marketed under the name '7000 VALVEMATE
Contreller!' and i1is available from EFD, Inc. Alternatively,
separate valve controllers may be provided for controllihg‘the'
syringe assembly 530 and dispense unit 520.
After the one or more increments of monomer composition
20 have been dispensed through the dispense tip 522, the dispense
unit 520 draws more monomer composition from the syringe
assembly 530 through the elbow joint 532. When effectively
all the monomer composition 544 in the syringe barrel 540 has
been spent, the syringe assembly 530 is disconnected from the
25 dispense unit 520 and replaced with a new monomer-filled
syringe assembly. This may be accomplished by locking off the
air line 552 that feeds the cap 548 on top of the syringe
assembly 530 and removing the cap 548. The syringe assembly
530 is then simply unscrewed from the elbow coupler 532 and a
30 new, pre-filled syringe assembly 530 with a piston already in
place, is connected to the elbow joint coupler 532. Cap 548

is then placed on the new syringe assembly and locked. The
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di spensing unit 520. The valve controller 558 is preferably

m cropr ocessor - based and progranmed to reliably and precisely open
and cl ose twe 2a@tozes7of the apparatus 510. A suitabl e 15p¢mEls2006/031078
controller is marketed under the name ' 7000 VALVEMATE Controller'
and is available fromEFD, Inc. Alternatively, separate valve
controllers may be provided for controlling the syringe assenbly 530

and di spense yoi tp320. rMdafiied NErQNE1 Ohe MBI, Incmﬁgnfcﬁa%eevem%kes
conposition 20 have been dispensed through t he di spense fip 52 t he

di spense oy ta 20 deansdaote W\@ml%}brrpo& tion fromthe syri nge

assenbl y 530 tyoughLhe. &l bavol Gy 532noMiegelfiectiug! Lo Ay fheor

mononmer conposi 4°1n t € syri‘nge barrel en spe
t he syrlngenasﬁﬁnh%y 53®namhmuuﬁﬁmwcseda$rdnmthem&ﬁnds$p€msaanﬁlwith

520 a d th_a new non syringe assenbly.. This
vy b8 AT ned b9 IR SRPlenes o7 | RE SRt | Rgld
cap 548 Oélséém)lq»f dderions ngel assesblnt 1530, andrhi@ﬁﬁunﬁﬂlcbﬂﬂﬁq@a@f&&ﬁe

The syringe assenbly 530 is_then sinply unscrewed fron1tge el bow
coupl er SFEAIHR PPIRTENS prédii Brdd e ngevdiSentPPis30°8Rt hMaY be

pi ston al ggady,iirqg @&aggtoﬁ§t§9@nected to the el bow joint coupler
532. Cap 548 s then placed on the new syringe assenbly and | ocked.

The 34 VO 2007 0zisr6 7o PCTreiSdee] 03407 8N Ep N0 ThenoRe| 843BRALE ntd 2
|1 ne éﬂé%cé‘@”ﬁfﬂ‘é g L&KA81008L Y o, 8 CEBRAING 0125 IIsSBrb 1 y
10 may be b

The apparatus nDunted in such as way, for~ exanpl e,
br acket aﬁ&;pmpdnﬁung aewanhastaieOﬁaﬂyan@rﬁeﬁprxhﬁﬁnﬁstﬁ9L40W§V|n@he

table S68:on SAMEVA SALMADO Pl g #o52MDlanSeCt bANS, Sidal nBE1d not

filled. g of entiTte appara t he novi ng
tabl e 568m£mqoda£ru@dntbolimdtbwheuﬁENﬁnﬁxmm 1hnamyewagf.the di scl osure

B G 2 LA RN T R s e
dESCWﬁMthﬁdf£ééKWEhsTh§ transferred from a molding/demolding module
to the present filling module or system described herein.

The cassette is placed on a frame assembly. The frame
assembly 1is structured to direct the mold sections to a
surface of a plate. More specifically, the frame assembly

20 includes components to incrementally move the mold sections so
that the upper mold section in each stack is located on
substantially the same plane or at the same height. By
positioning the top most mecld section at the same height or in
one plane, a robotic plate can be used to remove and transfer

25 the mold sections, eight at a time.

In one embodiment, the frame assembly includes one or
more biasing members that are effective in moving the stacks
of mold sectlions. For example, the frame assembly can
comprise a plurality of spring loaded cylinders or pneumatic

30 controlled cylinders. The biasing member(s) urges the mold
sections through a hole in a plate. In the illustrated
embodiment, the mold sections have an extension member or pan

handle extending radially outward from the lens cavity or
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following is provided by way of exanple only, and should not be
construed to limt the invention in any way.. A cassette which

conpri ses ewglwombkawks of sixty-four 15 nold sections iectusasioiced
from a nol di ng/ denol ding nodule to the present filling nodul e or
system descri bed herein. The cassette is placed on a frane assenbly.
The frame assenbly is structured to direct the nold sections to a

surface oh .0l al enoMLecSPEG! Mdldy 14 Mordditaa asqantl YhdOckAebudss

conmponent’s incrementally nove the nold sections so _that the upper
nol d sectinonainapacdt sfavk ilensocaedd crecisipnst affi &l | ¢)the Fage mold

I t. th hei ght . | tion t
Cection SECTHETSaRESATART BF FFeo e WAt & PARorrc ool'sre G ke

used to kefevidiand dvie@nsf @ort2bnt bd robled IseEcts afs,thei ghtatet. a Theebar

I n one enbodi nent, the frame assenbly.i.ncludes_one_gr e, bi asi;n
menbers FW&FtéPQSePPe@tF&QPiﬁsnggﬁng%gﬁes§F ¢RE® 8F8n%F§8§eE #%%%.ghe
For exanEhgietggrﬁégge assenbly can conprise a plurality of spring

| oaded cylinders or pneunatic 30 controlled cylinders. The b%asin

menber (s) ur g@s BHROtEEI Fis dOGEGRE RIRTHEGR £ ol P S 3t eTOTH fiRad

i 11 ustratged, ;epRodioeat , Jdigapl degectd ans, i ABnBEEENSEON thakbethe
or pan handle extending radially outward fromthe |ens cavity or 35

WO 2007/ @ZLPEP1IPCT/MYSEGOG/ 0B1078TLEPEAGe 2Ple B5Qension CRBEEr 9% the
ori eNbed Lougr d 1he, RN &L Olne A AU Aol Wlvd &N SIS §9CEhONS0(

X 2). The sectrons are urged or pressed against a bar or other
st ruct ur eeciibeisdi agd ovierars figast | bhe of indievitbiads splehesgtians The 2
bar 5 functions as_a SLOp as h

pl ate suffaEe™oa P ¢ dr m ogna‘atn%dd%%ﬁ%ieﬁﬁ%geg\?\g%%g? st%%%u%wis
mol d  seglds@rsl My eshdetigpmsineg exgrensitors nsharidegho hdratint.he Alr is
AT obot | &6t FBI | SEEVaCUTh dBv Ledpi dRe 1B t ABeoypebetslf ) AbhBKes
15 composition in to the concave lens cavity of a mold section.
The volume of the dispensed monomer composition is usually

about 20 nL to about 50 pL per mold section.

The nest with the filled mold section or sections is
moved to a station where a second unfilled mold section is

20 placed on top of the first filled mold section, as discussed
herein, to form a mold assembly containing a lens precursor
material. The nest with the mold assemblies is moved to a
welding station where an ultrasonic delivery device uses 40
kHz ultrasonic energy to fuse the two mold sections together.

25 During the welding, excess monomer mixture can be removed from
the mold sections and discarded.

The mold assemblies (the fused mold sections) are then
placed on a loading tray which has a plurality of holes to
accommodate the lens cup of the lens mold assemblies. The

30 holes are offset between rows so that the extension members do
not interfere with each other on the tray. Each tray can hold

256 mold assemblies. Other configurations are also possible.
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sections and transfers the individual nold sections to a nesting
apparatus. A nest containing the nold sections is passed to the

di spensi ng wppas7akus? descri bed herein. Air is used to dedgveszbdesmsiers
syringe piston and di spense a nononer 15 conposition in to the
concave lens cavity of a nold section. The volune of the di spensed
nmononer conposition is usually about 20 pL to about 50 pL per nold

section. The nest wiih il Ld sggtio ctigns i s noyed
to a station %ﬁgrem%oggé§§ﬁéunkﬁﬁﬁgg nol d sec?f%%u?% 20 placgd on ©
top of t hieddritrigtichitibad oml d:rsedtingn, shepei scusged akerky n,saagnfiggm an
nol d assenpl y .containing,a lL.ens precur erial. The S it

-the nol d PFespfggﬁgﬁgd Ras §§“Ve%%%%8g§ gti%%m%%%réﬂgnkﬂg Ro1a
ul t r asoni gectaldnker y Teevineehugesméd) aksz ihdakonice enengyet dnbpeettihe
two nol d sections together. 25 During the melggg%, excess noner

m xt uPe cHifRSe r &WBVed S r SRFPEREIRDI F ecti-bn i sclr detf  FREe™mer
mol d assenhldRs tibhephusede §okgs SaFtd0RSbsang thenmo Pl agest hA

| oading tray which has a plurality of holes to accommpdate the lens
cup of the |efdendicdegsiagpmesbodThBagoahsredngredef fs&teBePeEAPPORE

so that t i-on ,mepper s Otpd 14 er i M t yi8ach tgkheqoan
0L nat e ShRRSLORgTERNE" Sod0an0tnb I eTISEe i £ RRCh LN ChoRtne:

conf i gur atdmges idrenalmsd qrossd bpéac 8y WER2 06FCORE7 60 IRCTHRISZECE6/ DB1078
The T eg0iNg RN ds. AN NCONELLANG AlndDhELAED! LELEALI NPT in the
g I de t he

tracking §¥%ps, such™as by scannin Identifirer pro on
ext ensi ornLerenteep.of the nold sections. The nethods may al so include

one or nore inspection steps,. such.as_inspecting.for _air es |
t he nonomer g%ﬁp%§@?i8% SFﬁﬁfEF;e Q3R S?Rcﬁggpnaetﬁégh%F%yPgé go'd
sect i ons.cuthied or egoigh newvheds mayheal spolyed ridmld et epomboditpppimg is
or contacting}the second nol d secgion wit h t he _nononer .conpgﬁition

prior toRAAESAGZEAe SEcoRBERABY d S2Eti TS hé¥0 FIRCSE ol d8eclPoM
cont aisni ng; di 1TRRORBI uLLARPSbLEO N ighid.he

Certain aspects and advantages of the present invention
may be more clearly understood and/or appreciated with
reference to the following commonly owned United States Patent
Applications, filed on even date herewitﬁ, the disclosure of

20 each of which is being incorporated herein in its entirety by
this specific reference: U.S. Pat. Application  No.
11/200,848, entitled "Contact Lens Molds and Systems and
Methods for Producing Same", and having attorney docket No. D-
4124; U.S. Patent Application No. 11/200,644, entitled

25 "Systems and Methods for Producing Contact Lenses from a
Polymerizable Composition”, and having attorney docket No. D-
4126; U.S. Patent Application No. 11/201,410, entitled
"Systems and Methods for Removing Lenses from Lens Molds", and
having attorney docket No. D-4127; U.S. Patent Application No.

30 11/200,863, entitled "Contact Lens Extraction/Hydration
Systems and Methods of Reprocessing Fluids Used Therein", and
having attorney docket No. D-4128; U.S. Patent Application No.
11/200,862, entitled ™"Contact ILens Package", and having
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| ens cup. The tray of nold assenblies can-then be transferred to a
curing station where the polynerizable conposition is polynerized or
cured, for woamplreiiey exposing the nold 15 assenblies tecut$an@wsahet
light. Certain aspects and advantages of the present invention nay
be nore clearly understood and/ or appreciated with reference to the
fol |l ow ng corrrmnl y owned United States Patent Appli cati ons, filed on
even date h di ggl osur 20, each i

[ ncorporaa‘{t c? rytm r’?of%%gltt sﬁgntl ?e?lé)% 0[t]hlgs s%tecél% c ref el?gar?ggn UFICS)'
Pat. Appldaatiion2Ne. entif2@e, 8'2r8r,am1:eamtmom a(m:htlaethth@mstI dgoduging

Systens an Met h faor . .Pr ¢i-ng Sane", and h

N B aBire TPl ISRt G R 1 1060 B oA g Yo 0 e
" Systens wand Meitheds; f oandr agie) ngaaamttacnppemeesmmomca. 11/201, 409,
Pol yrrerl zabl e Conposition", and having fattor ney dock

U. S. Pat éfttAgsid cavisei™Ro angy | Of1F0 T9nt5 19 :Ln,gsfr% lé.r%)ngn&ly%lrogel

Met hods fﬁniﬁ%@ﬂeﬁgebensgﬁdfﬁ&ﬁﬂﬁ?r&ﬂwr@ doaRdt Wavi pgaasd or ney
docket No. D-4127; U.S. Patent i cation . 30 11/ 200, 863,

entitled "Confachumes Baftraéb?bﬁwy%r?%t eod St RATeMIP RIS Cofed

Reproces Us erei h atigroexndogketnNe.
D-4128; %{%%lﬁlatﬂg%% |C-(I:Egt(|5€n91l{% éEged g\ébggg entltlgd %Jéon?act e

Lens Packegeby am@omawngedsvvammmﬁmxhp@r/ eRPbo8r 83078

at torjpey dockef; 412 plig 60/ L7, ogg
entlt%ed Corrg'\’ostlhtougr%s an% Rélﬁodﬁ rodu0| ng Q%D%p%:one I—?ydr ogel =
Cont act Lcﬁmmhedancbﬂmaw,ngtatis)rue@enﬁmm tiNgt Dha158Penahon ULS. not
Pat ent atjon, No., 11/20 titled

f or Produ@l“h%% gB‘Sﬁﬁt dé %&Zgﬁfjggfofenses %%%ggﬁggﬂﬁg%a@gfng?
docket NosvildehtS4o A pua‘seﬁ of @t@inwumﬂmnd pateears have been

cited hereinabove. Each of the cited publications and patents are
hereby incorporated by reference in their entireties.
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10 Al though certain preferred enbodi mrents have been descri bed

herein, it is understood that the invention is not Ilimted thereto
and nodifications and variations would be evident to a person of
ordinary skill in the art. 38 Wiat is claimed is: 1. A method of

maki ng contact |enses conprising: providing a plurality of first and
second nol d sections, each nold section including a |lens shaped

surface angiatts AidGRel§el ON circunscribing the Iens shaped surface,
each first—mold sectron 1ncludes a substantially annul ar

circunferential projection extending axially fromthe flange region

and a plurality, of gj 1 al cessed regions not conpletely
encircling the 1'ens #gh{aeﬁliéﬁ gfgﬁ%ig@gohfacﬁ?@spP Pgﬁ]pﬁlﬂn@‘ section
ext endi ng axi al grgvidirigoa pheafity asfdiestr #@i sscdrawabill sédtions ubsdramioldikéstion

annul ar projection wherein the first nold sections are provided in a
cassette cBRPFING Ageas epedrsytice avdid Haage prdenngreunesEiRngethes lens

a frane asgpipaby sbiaast Waed frstt hdid aébdﬁBHe'iﬁdi@?ésl ML%sﬁ,%bhfnaﬁrmnar

each stack is located on substantially the sane plane; transferring
the first crgnmfewsotid projestioncpdenting exiallnéot g Bayge wegimy and a plurality

di spensin : Iy jtion.o ed syrface of

the f1rst HofBunErriaE Prs3Bln eBlonbriot bR g S TR thel st g e
toge]t hgr tshgfa‘cbr@"ttharfdzlsmf ded?twlrdeﬂenﬁihgrm(ialty mlmtheaﬂahge)f'egﬁmltoward
coupl ed no seciion efines g | ens aped cavit etween the |ens
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sections. fist BRI sERtiBRSI0Rhted inithe Acviify sbparbhii@; energy is ultrasonic
energy. 39 coupling together the first and second mold sections so that each of the
coupled mold sections defines a lens shaped cavity between the lens shaped
surface of one of the mold sections and the lens shaped surface of the other
mold section and the flange region of the first mold section is in contact with the
flange region of the second mald section;
fusing the coupled mold sections to form a plurality of circumferential
fused regions not completely encircling the lens shaped surfaces of the coupled
mold sections between the flange regions; and
causing the polymerizable composition in the lens shaped cavities to

polymerize.

2. The method of claim 1 wherein the step of fusing includes applying

energy to the coupled first and second mold sections.

3. The method of claim 2 wherein the energy is ultrasonic energy.
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4. The nmethod of claim1 wherein the first and second nold sections
are substantially identically configured. 5. The nmethod of claim?2
wherein the fusing step is conducted so that the first and second
nol d sections are fused together along contact regions of
interfacing flange surfaces, and so that the contact regions being
spaced apart by gaps defined by the plurality of circunferenti al
recessed regions in one of the flange regions. 6. A contact |ens

mol d assenbly, conprising a first nold section having a | ens shaped
surface which 4 a déganptheddsdf caim Anvhareisr thedirsthigd secendomeliceseaions
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shape ace, a su 'y & ar, circunferential projection
substantially circunscribing the | ens shaped surface on the flange

region and a plural ity of  circunferential recessed regions, not
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secti on bdkngemedibes.f | ange regions of the first and second nold
sections and not being fused to the first nold section at the
plurality of recessed regions; and a polynerizable conposition on the

| ens shaped sumfacea Jontgagemh@g@é@%ﬁmW’ Imrigign 6 wherein the

plurality of recessed regions of each of the first and second nold
sections ext end % @p|dseqipp hening g leas §dapedisgrace whichi is édieastive ohan d

the subst aptd ! YRR 4 ﬁé)gtg,ti'a;&f SURALE 3¢ aPLBhE&EE ilé’rps, éoﬂange region
circumscribing the lens shaped surface, a substantially annular, circumferential
projection substantially circumscribing the lens shaped surface on the flange
region and a plurality of circumferential recessed regions not completely
encircling the lens shaped surface of the first mold section extending axially into
the flange region;

a second mold section substantially identically structured to the first mold
section, the second mold section being fused to the first mold section at a
plurality of circumferential fused regions not completely encircling the lens
shaped surface of the first mold section between the flange regions of the first
and second mold sections and not being fused to the first mold section at the
plurality of recessed regions; and

a polymerizable composition on the lens shaped surface.

7. The mold assembly of claim 6 wherein the plurality of recessed
regions of each of the first and second mold sections extend axially into the
flange region in a direction toward the substantially annular, circumferential

projection.
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