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CONTACT LENS MOLD ASSEMBLI ES AND SYSTEMS AND METHODS

OF PRODUCI NG SAME by Sarah E . Darn ton, Neil G.
w@mderioeygh, and Richard Rogers CROSS- REFERENCECTV52006/031078

RELATED APPLI CATI ONS This application clains priority

to U.S. Application No. 11/200,648, filed August, 9

2005, the entire contents of which are hereby

Es! P SAGHhd U

produci ng contact | eRROBUCINChSANRESI | i cone hydroge
contact |enses, or contact |lenses that conprise a
silicone hydrogel material. Mre particularly, the
invention relates to systeg? for providing

pol yneri zabl e conpositions to nold sections, systens
for fusing nold sections together to form nold

assenbl i es, and | d.assenpbli.es produce h [0
SazebyPouBaranenoRRed Bt ARRIFRCRaR nang RIFREEHORbgers
| enses, such as intraocul ar | enses and contact |enses,
is by cast nolding. Cast nolding of contact |enses is
CROSHeREFRRBUAE BeeRERDHFERXARPLECARPPN2ton, et al., U.S.

Pat. No. 5,466,147, is, LS 6.2405,:993 i 0n No.
b BeaRP I AT B SHE G I H0a o Toprealty i o
11/260ngke, nof 1l @ssenatus tf,or 9pol 2009, a Siengketiont acontenss of

, groduct i ncl udes a fenalg nol d sectjon having a

whicBopgavBespPY caPCetPPaREedePY nfAGSER GRt eri or surface

of a lens to be nmade, and a male nold section having a

convex optical surface defining a posterior surface_ of,

t fibel epsesenbe ragentikos, oRmeratiie nelse dFd f difal elevices,

nol d sections,are ass I e nt ns
sYStefgped tav it hpgsfdﬁﬁéd I%?&%%ﬁﬁ{héo%gﬁggvéﬁgﬁr%iceSggh 2
silithaef eAghecgect i eanandtt heessayex surfecetaft t heemsge that

section. The femal e and _nual e nnlq_se%gions are _.larly, the
compgaAfoAl Pligre@cedydrogel material. Hore particularly,

invention relates to systems for providing polymerizable

compositions to mold sections, systems for fusing mold
sections together to form mold assemblies, and mold assemblies

produced therefrom.

Background

One method of manufacturing ophthalmic lenses, such as
intraocular lenses and contact lenses, 1s by cast molding.

Cast molding of contact lenses is well known. See, for
example, Appleton, et al., U.S. Pat. No. 5,466,147, Morris,
U.S. 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
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 sections are assembled
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by injection nolding techniques. A conmon nethod of
formng a lens nold section is to utilize a netal
Wo o@ionget nsert, which has typically been machPeBEUS2006/031078
| athed to define a desired contact |ens surface, to
formthe nolding surface of the nold section. A
prlocess for cast nolding a lens is as follows. A
ol ynmeri zabl.e | ens teri f.Qr .exa 0 '
togeitr 81 3P athor T ohes b astr SarLEH an Al CT T Besdcen the
conc@v@ogﬁ@;flacégroffaaﬁxe)ff@m@b@t aettliens aml dtlsectpomexThivg face
is usually done by manually withdrawi ng the | ens
of thy deyksore@Bi@®ial froma |large vol unme container

(fﬁga%gégget@%&”ﬁ%@gSHBlHHE%@Eﬂoﬁ@ti&@”c@ﬂﬁ@ﬂ@9r@roduced
- tubeé an I'spensing a volune of the precursor materi al
by iohtothonohdlbahf bechmidusect i 8ncofypicakltyoda operfegiming a

can_fill the eppendorf tube with th tecpal . -
lens 4pehdnSECheLRed’ aott 30 3. %nrﬁeéﬁguggﬁh@ 3%tgc%rttﬁe which
has £9p¢aye1sunbage rfchine Molth&ectd ofefThe sameklsddedarcontact

be" | abor "i ntensi ve, can ﬁql;.esent substantial risks to .
lens peopfachantpi Agrmhehproetdsey Fatbafal of ahe Al ¢ eSTFELON -

I p increased st uL sor, t e Si

Igr gper Ovcoﬁasusrreéf\ggf (?%52{ rr:ian{2> g’ﬂegﬁ%crgerrgier{g? ngtg hzé? arﬂ&?gf) e A
polylxt engdelte peenedsmaafe iiag, fidhi chxempldegr adeoperic material

deteriorate over tinme. Once the first ggld section is

or ¢iheRd, LA TedRFIRIT sEEEEH s FrPacBi®ERYt opof® t He Ve

surfhEEsbrml ¢ ReGldon dis fid1a aséensoshapedigavist yusually done
containing the Iens precursor material. The contact
by maens:lpnecuyisbdrantiapi aﬂhﬁFsl@@rSedP?%‘FWé%%Frpln@tted%}al from a

appl yi ng heat__and/ or_|i.ght o} r [ ' : :
largﬁo?’ﬁﬁﬁm%zicnogntr?ele{lﬁsr t%&%%;l?ﬁ? efﬂﬂﬁopgwggggb I)I/m,aterlal with
an dgesrelyrpr eduei nghad doppantihgns pvodume orf coheagirecursor
 ens between the_npld sections. ghe cont act |

matepidductnte helOtendid f Pdm PREOT - SERt ons 1Vghgally, 2

persgﬁldc§§0tf§m§ ane 0&%§8n98§tr0w@5%duﬁhﬂg tRkS material and
removal step. The contact |ens product is often an
di spankenbshedecortoact: |Bnsiwhieh pkogtibpeciéd ong orididreoncave

s 2GS LB 19,1 £ e | XU COMERLOTEhr b 1abor
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.

Once the first mold 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
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
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produce the final contact | ens. One obstacle
associ ated with cast nolding processes is the
wappropr7bat e pl acenent and fixation of the nol BCT/US2006/031078
sections, particularly after the |ens precursor
material has been placed between the nold sections and
Er|oyf¥p pol yneri zati on thereof. For exanple, it may
e difficult to,secur d i Qns t: t
stepforhis P tEababibl yo ot NGkt LopRe Froar, Sh trtr g oneact
Lens Ofnhbulblies f rpRédoed i Bot hmmd evs amope( efigisitiey regepn, for
of the nold section containing the |ens precursor . .
exampﬁa@elric@myentpeﬂtaﬁerf,lmtsfﬁdw ARSEPBe THEH| GO LhYST IR, O
a_no [y [ he | ens precursor nmaterial
pr0d$%% %g%ﬁﬁgfggt%éﬁg%gﬁh$%¥§hwthickngss, or in other
voriels e alcdrs slossc mtediawe tin oagesimodd ipd sprdeesses 1s

t hi ckening of the | ens precursor . mater, t -
the FBGRORIORCenG BRIy U ol JCL Brarih nele PTGy SfeTLone:
part%?%%??lylﬁfggg'Eh@nleﬁ§cFH&@u@Eokhﬁa@@keaﬂiabbybeen placed
oly

€ nature of.the p merized contact |ens .
petwpendube, mohe mertiseet PoAs PEHEE & b@dePwrdiFed i HRreot-

causi br.eakage . t S 0 . ;
For @5?@8ﬁg’oﬁﬁif% t?%ngﬁfgggﬁ%gs%g}éﬁﬁgggyiEﬁg Rl -sdbtions
togefig8aut esat édrpr oductotn | aleratdryy settthiong f erpaeidiaag Lon,
.~ one nold section upon,another ang t hen securing the .
pitting, se&t PBRELIPnTATFEF4PPY ARy HPFxdG FoSIF o *Such A giP9°n

of Rl g1 Ngs 9kt SLAMRLRY 2 1 WAKLE dHH s18BY becausesewWh@iterial) .
acceptabl e practice on a small scal e production basis

Furthéerpay tnataysatlsd yoal Bi6fichdtr équi Fement setd gsgemly in
. scal e and/ or_aut omat.ed_hi gh. spe n (o :

Whchrgbﬁpf%ﬂ?(ﬁr?ﬁﬁﬁ%&ﬁ T%%%%%?PDﬁggg?e %gﬁgﬁifﬁélly uniform

thicksebbi ques, smichrtaseml tweaseni e¢heel deng adeeknommpti nhave an

the art for permanently joining materials such as
undepargfer BriWFPhotte corSi der At Fom  For Pt erhe - 1eng” precursor

materEREr aatﬂ op,&al 1od S Patent 1 Nes %uff’gr@ﬂ@tiﬂﬁsﬁ:bi besother

an apparatus and net hod that includes the use of
diffeketnasergdoener gy for

In addition, because of the potentially fragile nature of
the polymerized contact lens product, the mold sections should
be separable without causing breakage of or damage to thé lens
product. »

A variety of traditional methods are used in a non-
automated production laboratory setting for placing one mold
section upon another and then securing the two sections 1in a
relatively fixed position such as by weighting or clamping.
While this may be a somewhat acceptable practice on a small
scale production basis, 1t may not satisfy all of the
requirements of large scale and/or automated high speed
manufacturing production of contact lenses.

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

polymers without consideration for later separation.
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rel easably fixing assenbl ed sections of a | ens nol di ng
assenbly using an ultrasonically produced annul us of

wo e@iom76dnpl et el y circunscri bing the contact PENES2006/031078
form ng material contained between the assenbl ed
sections. Mrre effective, nore reliable nmethods and
systens for manufacturing |enses, for exanple filling

anch tospl tng. MmkdesectNonss dusd e gRNgE 6L UbEBY a8f apparatus
contact |enses, are needed. Summary of the Invention

andTﬁéﬁﬁKé%eﬁba§y§ﬂéﬁ§K%ﬁﬁ frehodse araf dhiégpeanie energy for
il 1 i pdj,vi dua | ens l.d, sections w a .
rel%%%%%%? Igg§¥%?ecéﬁggﬁb§%?er?%rﬁﬁggg ef%%plg, g%%?ghgmldlng
asseémib1y atied ngol ymrenilzablsenderpaosi tposductd@siamgultes of fusion
filled nold sectiqns wth another natingﬁnnld section,

oMy his g THE CASEeRtl el frol PEAT onTifo beEBHRY material
cont &58Lh ogaidel suchddainidie dddd gdhand assenbl ed nol d
sections remain fixed during one or nore downstream
cdfneet didestimeuf avouei ngebtapke Tieahogst easdamglystems for
mam@atl hoéjsi are suist6abl e (;or alét og{at eﬂ. lnrll,lf a%ture of 1in 14
LoRt att  TendEE5%8uc %5 ST ESTe hydrogel 28sht geypling mo
sect BHVSE€Sdutved WeHmor dad dyivgas £ adshexdendatkdd, are needed.
conti nuous wear |enses. For exanple, the present
systens can fill contact I ens nold sections using an
SumfSSE OF Yeh ot ¥ &, ' enovabl e, replaceabl e
urtravioret—(OV) btocki ng reservoir that holds a
r ltat | peeyehbr gosammgntarad maetbotiactreenti praoet sbo filling
. __.conposjtion, and di spen nechani smdirectly
LnAfRY e F X Che FREEr VBTTOt S oI H1FBI of] vaIRFact Lens
preSibdder ampwntiof, t hereont agkahgns, Pregursefight  initiated
conposi tion. The reservoir_ may be the barrel of a .
POl iRl grapRFA§ATRal velaainbe Wiser abllyeFoderdl sections
wit@?gﬂgﬁﬂekh%qffh VRbiga éﬁf&ﬁ“sgﬁas%éﬁ§¥ﬁ lyheTg%sembled
di spense nmechani'smincl udes a di spense tip. "A conveyor
mold ssprovbded thorbeassse ngusedl |terktidd sechi ashieneladhfilled

t he di spense chani sm A stepper noto ,be used to
and (RS EMPRE AT SHEnse okHaR| SRES Padt OFRR | BaF HIdiSFenss moTe

dowrdstream contact lens manufacturing steps.

The systems and methods are suitable for automated -
manufacture of contact 1lenses, such as silicone hydrogel
contact lenses, including daily wear - and extended or
continuous wear lenses. For example, the present systems can
fill contact lens mold sections using an assembly including a
removable, replaceable ultraviolet (UV) blocking reservoir
that holds 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 1lens precursor composition. The
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 1is provided for passing unfilled mold sections
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substantially precise and accurate anount of precursor

conposition froma dispense tip into each desired | ens
weop7oz176emal e nol d section that passed beneatPCT/82006/031078

di spense tip. Wien the dispense apparatus is enpty, a

val ve i s opened between the reservoir and di spense

necﬂan!sn1csanected thereto to refill the dispense
c ism, en t ryoir Ltsel COMRS :
bene%ﬁ% €€§eEbEPFn8§n %%ﬁgggi%y ané %&Fg§%$ repléﬁggé%ybg used

to chukkednesanypehseAcmmidimgy, ton suthnead cadgect dbfpense  a
the invention, nethods and systens for making Lenses,
substantixkhpl ePsPLiiEBne AYAIr ogEFUF@hSes 2 aso%onﬁg'cursor

comp$§T§f$n ?ﬁggpgoﬁﬁgggnsknt@%pQHQ§9Q§aMﬁt@e§§fé@uiens cup or
aspects o he present invention, |ens shaped cavities
femaDé e@iidckecedsnnotiaseqtd oamsd abeniathedtipt Fispense tip.

pol ymerizabl e materi al the fill | d [ :
hen BQgtmbI e REFTIE MR “EiiR ace | B Hol cf sact) o, GngPened
betw%@ﬁ assephbkedvapldageCctHi @penake meetunadnt egenkerted thereto

orma nmold assenmbly. In certain enbodinents, the nol,
to rsécfilordhenr@lspeete oreaBRAREt ogdiilt HRFngeservolr itself

beco%é%gﬁééﬁﬁgl e@ﬁégyre§8§@o§§ UE%%aS%%iCe%%%ﬁgy Qﬁhg(ﬂdﬁickly

_ _rar or non-conti nuous circunferentia
repl¥etdiBg si telacoundséheopol ymeri zable material. In

ot her enbodi ments 'in which non-ultrasoni ¢_nethaods a
devFeEdingeYused Fbl$Qﬁ%ﬁiﬁﬁQF%E38%b%% s}ﬁﬁ%EH%&%j'%£thods

and %ﬁ%&bﬂ@ﬁ:ﬁﬁp RS cRyPhed skagetfr bRamptenkiindesse hydrogel
annul ar ring. The Contact |lens nold sections each

lensesppsiisk asl enstshhpbenpest i 8rcoPrevitfate (s) and a

flange regi.on circunscribi e aped paorid o :
o&nsyﬁFgg degye F&F‘exaﬁ%&ggngyno%%gggggnbﬁg f%ﬁ% bresent
invehOhFhNY 12neonitagied ensyinmye < ooPr csathikstleand medebngections

mol d_sections, wherein the first | d ti i
are afgéhéﬁalWytEonE%%%m?%héagkﬁbgﬁaE%?%%%%F8e¢$%ihgfgﬁggs mold

sect?ﬁhgrgﬁg sWfaes 0f 3 tFOAGhd ethtARd itdies qidied $dctions,
e no sections includes a generally convex |ens
and shapedserbace deflidnisegtd opesteard sregufhdewither to form a

cont act | ens. . . :
mold assembly. Igmggrtaln embodiments, the mold sectlons are

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
sections can be coupled together in a continuous annular ring.
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
comprise first and second mold sections, wherein the first
mold section includes a generally concave lens shaped surface
defining an anterior surface of a conﬁact lens, and the other

of the mold sections includes a generally convex lens shaped
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coupl ed together, the first and second nold sections

forma | ens-shaped cavity between the | ens shaped
waowo7aeEeedf the first nold section and the | enBCHOSWEE031078

surface of the other nold section, and one or nore

regi ons where surfaces of the flanges of the assenbl ed

nol d sections are in contact with one another. In

Lectons are' [n-con ot her T
soreSESOGHRIES N A1 B R0 el P A UGRELOD, 1Ehest wnen

coupTodpkedetaget hethe f @imstomnd rsecdedentilal sontiets form a
regi ons along the flanges_and one or nore g

lenssepapadi gt néﬁ@Wﬁ@&nfEP%nt%%ﬂs(ﬂﬁﬂ%ﬂﬂd r%ﬁ?éﬁ%? Lt the
firs?gE\g‘i‘L'dr cunderentbal cent acdnd eghegear Jused o egF othe other

rs to a portion or portions of a contact |ens nold
moldassertloy,i rmwhi ohet wor mubxke seegiions atheden senfaees opf the

fused_t ogether a i ch ,does, not _or _do .not tend . .
F1engBinPEi Sy APGORDLEHe ol Fo DREBLOce ST d ) HE RRpdl £ on
anot&@¥ity ©f iLbecorebdcasserhl yurwidmesdimater oaptihen.idvention,

~an especi ally advant ageous  enbodi nent of the i
firstnvendi opecand| edgldongeBFionF efaFabl §r HEGtELQf Wi,  when
i st ond d 1l L unj yver sals d ;
conn B! 1806 AEECTILTRLO SSFILENAALE: UOLET b 404 segions
alongeciHeonf aafdgthe 8etoode nolrd wect | gapsaysdparating the non-

. substantially identical, such as having | ess than .
cLrcgBERECRTEH di (4At eifde | ACREPBRt or radi USD oFtBrAEC e tial

cont REPPEELY oh0 o@NeuaRket helyd ohn rfies sereod it i drheompdirtions
sections each includes both a first |ens shaped ,
of asgrhiectdékingi mlah saseabilyr igurfHcd Jiva ROt aRqCH s are

. and a substant] all i.n c e a p

0 Csounrd(faa%te ajéfif]nllgsnegéa¥8§§{8g§}:o%€oﬁrEgggho;@%é%oﬁt%gctor do  not

extehﬁmaoﬁ§MeﬁémyhagoandOMHnnciensmfarencerdﬁhce Wienls shaped
.the invention, a polynerizaple conposition is

cavibupas Lo8 BAiFhaseaRbave r CRE EnapeazHPLagE o

i ndi vi dyal mld. sect) ons Bend sl i t knebasaehtnol € the
. sections are noved al ong a production line. The

invepolipmer iazablentonposi of onpnayecahpyi beth ednt déxe first and
second mold sections are "universal" mold sections. Iﬁ other
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 embodiment, the moldr
sections each includes both a first lens sﬁaped surface
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 compositionA is deposited on the
concave lens shaped surface of individual mold sections as a
plurality of such mold sections are moved along a production
line. The polymerizable composition may comprise a contact

lens precursor material having at least one monomeric
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| ens precursor material having at |east one

nmononeri cconponent, for exanple, a silicon containing
wWOoRMeeEr7sT conmponent . I n accordance with one PEPELS1006631078

the invention, dispense apparatus are provi ded which

are useful in providing a polynerizable conposition to

a |l ens shaped surface of a contact |ens nold section.

compgg%n@iSPQQﬁ? aggﬁééigs g%Per§i£¥c89np@dﬁ%%fﬁﬁ?g monomeric

I'spensi ng uni ing a dispense tip size
comp@hepense an anount of a polynerizable conposition to a
mol d section or a portion thereof,

d i n ,
280 FEIGP TSBIGE (P t O S ORPEFRCA CEuTh Ly W7 han, dispense

appaPlaltEer i;zabl ?r%m‘é%ii tion and hei ngioupl able terentding  a
uncoupl able fromthe di spensing unit. The di spensing
polyueirt zamy ei ncbudesatdiaphtagmpvalees Theas§ei ngerface of

a

assenbly is ructured to provi ' I
contiEimodiTl dIPTe PRE ACUpensiiy. NCP WAeh Ty Senerally
comp&aRliseds t Bekptasihg sonet embadingend s ditpendiespense sized to

. apparatus includes a control assenbly operatively
dispedssl éh t BrPRRL dicdpehs PR YIRILE: 28hd SstF AR ¢ to a mold

sectGQAL T Q:Lr di spepsi-Rgoaf the Ry merizabl g Cosg}l%?%{cjé ONassembly

through the dispense tip. Preflerably, the pense
struappareat ustd ur cbetatonpri sesuantityi ngfl oddieed betweenizable

and connecting the di spensin nit__and _the syringe
compé’§§§r’r_t9lny.a“|‘:§1egfailf19i anO‘Pp?ag?]r%cgﬁr eadnO{]an%n%(alsl ?%E%d frem the
disphkaiihigt atrg tcouptn&gdasgdetpeagplunag ekt ievsyrdnge diaphragm

assenbly and the dispensing unit. The fitting my
valveonpr B afYELBER shapEoEvndd t StTHEtERRnge® addampry the

polyq%%i%%%ﬁ%i %g%o@%%&%n?%Htﬁﬂéf%fiyeﬁgﬁﬁgfﬁhf% when directly

pol ymeri zab conposition and a piston positioned and
couptevahherwitbhi n the barrel. In sone enbodi nents, the
barrel includes a hollow

b1y ol LCLUIes 2 0ol o space hawing gaglule. 9 diacs o
cont4@d CE&ss&hb PRt Weerahaull A0cs6ppad abouthd 0QiGpersiry unit

speci fic enbodi nent, the
and structured to control dispensing of the polymerizable
composition through the dispense tip. Preferably, the
dispense apparatus further comprises a fitting located between
and connecting the dispensing unit and the syringe assembly.
The fitting is structured and positioned to facilitate
coupling and wuncoupling of the syringe assembly and the
dispensing unit. The fitting may comprise an elbow shaped -
conduit.

The syringe assembly may comprise a barrel suitable for
holding a polymerizable composition and a piston positioned
and movable within the Dbarrel. In some embodiments, the
barrel includes a hollow space having a volume, or a capacity,
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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barrel hol ds about 55 cc of a polynerizable
conposition.ln sone enbodi nents, the syringe assenbly,
wo paoviozngs7 and/ or di spensing unit preferably cop@FUS®06/031078
one or nore materials effective to block the passage
of polynerizing radiation, for exanple, |ight
effective to cause or initiate polynerization of the
potyy med drgabl ensoaPRshts on epat as]q_egnge OhsBagBhRd fitting,
t hrough the di spense apparatus. For éexanple, the
and A3 i ngbsg%@%mgy, UhiLtt | BreaRdedL vdi SpEmsi irRe unde magr  more
conpri se terial_effective tantially block . _.
matef le@lpéassea%e of Ui t rtaovi c]ﬁe'Le c}ﬁ [ gt:l?t%. gisesatgﬁe r%fl gbotylmerizing
radisecidoron has keemdilid,| edignt hefhecpobyneni zahle: or initiate
conposition, a mating nold section is placed onto the ,
POl APt Séctlifth PBLYBRAI A2k bRt &OMPOSHE sl contained in
or géééﬂfﬁ’éyth%ugﬁmé}% _ §§%§§Asé’f angrbe%ﬁgU“ b ”?%5‘1‘39%, the
nd syStens are provide or jorhing, for exanple,
syricegesi agsémislpn fetween, arhle ocoulssrbmmilndy sectt omsy komprise

a _preferred_enbodinent, the nold ctiqns ar
2 narPuirdr (L LACERET e SCOSHBRELE FoY o IOREH ohRecdiRIRATe Of
ultfaised dtogetdrer. using vibrational energy, for exanple

ul trasonic energy. In accordance with one aspect,

f sGused Gherasonitc eRefgyons mad atledeby deddsdof whth the
: i C [ egi on ..con a tdng

pol PRI e Pesasd R A LT PR MhstESaiT il Opiaced

ontomatéri afs1ibdt maEld beeeftfieat | vel yfqmoi ned asnbgcsucdlens mold
%ﬁhused ultrasound energy. In sone enbodi nents, the

ass 'sections conprise polyethylene vinyl al coho
(BVOnobheh sprcrater i ghe SUhtabke chor mdHABONEEd systems
wel ding. It is to be appreciated that other materials

are o Wedad e oy ohmkindig £he EBABPHD}I dcgveingndusfiophbetween,

ther)éﬁﬁﬂgd' ventd o iggg’exanple, materials useful in
the*present 1 nvention include polynmeric materials, for

exanpl & t hewteplrast i cefiodyimdritc, mateei aheyld orsections are
exanpl e, anor phous

structured so that the assembled mold sections can be fused

together wusing vibrational energy, for example, ultrasonic
energy. In accordance with one aspect, focused ultrasonic
energy 1s 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 Jjoined using such focused ultrasound energy. In
some embodiments, the mold sections comprise polyethylene
vinyl alcohol (EVOH) which 1is a material suitable for
ultrasonic welding. It 1s to be appreciated that other
materials may be used for making the lens mold sections of the
present invention. For example, materials useful 1in the
present invention include polymeric materials, for example
thermoplastic polymeric materials, for example, amorphous
polymeric materials such as polystyrene, polycarbonate,

acrylonitrile/butadiene/styrene compositions, cyclic olefin
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polymeric materials such as pol ystyrene,

pol ycarbonate, acrylonitrile/butadiene/styrene
w@oioposi7eT ons, cyclic ol efinco-pol yners, acryl PCEUS2006/031078

and/ or polysul fone. Sem crystalline resins such as

acetal, polypropylene, polyethylene, nylon,

p?Lyethy:enF gerephthalate, pol yet her et her ketone,

_ er_.polyol efins_ a i qui r ol ymer, r ;
co pogLPfI?eefBEIp’e. a}cnr%lelrc_fsai nréqlrée(ltogérji gﬁog,@%%géog% ‘nor e%ggic?iy\%géqnne
resid@y REIPr Qi ?@dﬁtﬁlt hep ooy o seetéma, t panfsEngelene, nylon,

properties of the contact |enses. Advantageously, nold
polySER(i G WhF EPOBORBLT Se EVERLIOLHGE I BhiFre daiPPRves Other
: tabil iy [ S n e shik
e L L R e e s v
certatif f aneptritypes wie ener gyrentaddhiel ne$ dmaysembl Pegviged in
cause fusion of the nold sections, fo )l
the m%%éséﬁcgﬁPPagéb Qﬁq(ﬁfog%éﬁ%$§r%%ugﬁggggﬁgﬁg§,lenses'
Advaosuoiper heigtionadidy maviofciheaidnigriden aiii i @iy not
in Certain enbodi nents, the nold sections may be held
requipgerldell tigiasy arelr mat eveebiReslby ﬁ%ﬂﬁ%ﬂ§fméu€ﬂe%£s' and
the £¥$g?chan|cal cl anpi ng using plates or other suitable
uctures, or by providing an interference -fit
betneen matiecand 6ematies molrdresectdronsuay n eenplodi mehtrecting

~__which enpl oy ultrasonic ener t he .f.usi wel dj
diffegenpt tvRes coht PRGEEY i g¥%%n8“%ﬁ% ?égég%%%g%fkggéause

fusidP! dSechionoly exbedionBNt St Gkt e focused infrared

,non-ultrasonlc ener gy coupling techni que, the contact ,
radibeteeen tddiomlframbricmEackeld SBBe76Rs @EAeBe Lrictional

contd nuous. around. t h up.; I n . ' '
form?h@ﬁé%%ﬁ%%%?ionghérgdé??%% Uréﬂlt%é$g%%fr?§?gagﬁgﬁgﬁ' the
moldOEebeoﬁ@UmayjHﬁﬂmbB@Ctb@asheFonséngnpﬂéprmh@eWMQyices or
sections may include one or ongi t udi na

|
methegds endihg ﬁﬁbﬂﬁttm%ﬁ%amﬁ%%keg?$§8$%glV5689w§}&¥ SpfoT other

suit%gfeleQ%rﬁF@Q?Qs?”Féﬁcebylrb§@@§d§ﬂ@0déﬁﬁni@teﬁfétéﬁce fit
east one longitudinally extending projection is
betwkenated er athicl Fymalie wardby ssfictaming a pjéﬂt iegppostimend s which

emplggn%ltrasonic energy, the fusion or welding is not in a
continuous ring around the lens cup of the mold section. In
embodiments which wuse a non-ultrasonic energy coupling
technique, the contact Dbetween the male  and female mold
sections can be continuous around the lens cup.

In some embodiments, the mold sections are structured to
facilitate fusion of 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 1is

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, for example three or more
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shaped surface of the nold section. For exanple, the
projections nmay conprise a plurality of longitudinally
we@zaogfei7ey proj ections, for exanple three or PCT/US2006/031078

nor el ongi tudi nal | y extendi ng projections, the

projections being circunferentially spaced apart, for

exanpl e equidistantly circunferentially spaced apart,
lon§ 10 eaci Pt hefteddi R herogebedorent Sthihg A d®a@8dns being

one projection conprises a substantially entiTely
cirginteeeniial bt | opaceBst aparhl | yfenti egeyple equidistantly

cs: S MBI B IY Hheslongssterch gy dpae efyite 117t

Ions are e ctrve I n

fach| i baheng kudodimehtikhe rabed secti bassby phevi girdgection
di screte contact regions between the nold section to ,
COMRYAT 3% vi I6F at | THIt BHErYY- Yai | 1876 & fdect iardlut aocude@ection
5%%'§ﬁ@ydéHEEE f lLdigeali AR Ln 0
Sub%% mor & recesseséﬁgcg?gguﬁ%calporFion o??%%% %%Fgéd Sarface
of seetforst Fovléxseptiona flange of the nold section may

c rise a urality of cesses spaced radiall :

ol Rar BEPRBRFERES SRS CBRESTmSRE a Bortd B G HE nbpaion of
the SEA1ON, sSHENCAS apyi dgRoRPQBLHEN, dhischrBteontaet awit h regions

the flange surface that has the recesses | ocated '
betyern efRe Miotkbastfelgmi BP nfhefht e madigaadurezeiedyY owill be

effééﬁaggf§ﬁ¥ég§%%£n provi des a non-conti nuous contact

regl on -aroun e perineter of the lens cup even when
usdtriea aeribodioents defi tee havidgsantaonsal apyulihcasdei one or

del i very device, such as a conti nuqus_or annul ar . .
morq| FPASORFE MEFATCRetiod BPELHYY| Aventifol iy SReFigR:  For

exahpBe StLPEDinGAUSENGnEhROTL BN sbciBbe 586t ceRpaRdet Replurality
second nol d section to be coupled together so that the
of T BITF oPPVECPr bpeed L brisonkwardafeomnthposenpr 6xni t fhen a

pord 5!yl 9E1Q COBERSLM Ll L SOOI hpion, 1 50
contrttd wech i bhe dlenbesedirdtadecadtata posttha obckbges located
thefgt orpltrasonte O St 0%t O f O 1 2L ®850 £208 L¥5%he ridge
portion provides a non-continuous contact region around the
perimeter of the lens cup even when using a ultrasonic device
having an annular wultrasonic 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
coupled together so that the projection or projections is or
are 1in 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
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
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between the first and second nol d secti ons.
Advant ageously, the fused region or regions hold the
worRiod/0sE6t i ons together sufficiently securely PCI/ERZ06/631078
the nold assenbly to be subjected to one or nore
post-fusi on proceduresw thout the nold assenblies
becom ng i nadvertently m saligned or separated. Such
Wltm% fHs! QR1pr %Cs%%%qae@ybéé&hwge 1/98yEX88RE By misaligned
subjecting the nold assenbly to pol ynmeri zi ng radlatlon
or Beppobyaérlzesuhb pm&tjﬁwmwmsoprn@¢@mra$ mayvt hend¢lamde, for

ed cay, and chani c liftin
ean§¥tspoFF éFCFHEgnDI %ssgﬁgfb b8 ?ﬁE@R?Varléhs polymerizing
radiRastorf USONoPI REESSINT thlat 1OAS pricAuAPhELe@NER in the
the nol d sections have been fllled assenbl ed and
leng gilrrRed t gRv ey y nend Za0TacbApbsi i fbANgnapfeother transport
S e d
of BT RE e SBIbLY, Fet iy roa oE SRR R E Sl Bpessing
stafirorsone enbodi nent s, the step of causing the

pol yneri zabl. e co 03|t on to_polynerize co ,
exy |ﬁ@<afnﬁéef.| ?h& arg%ﬁbﬁ;e%%ﬁ yﬂg}??zﬁ??gen filled,
assdnd@ia Hey ef@ﬂﬁé@ Qﬁkfaﬁbe%%r LgBh e 1H§gﬂP$gtlon in the
sections may then be decoupl éd or separated to expose
lengtshaymd accaVehz prédudthe f orokstanplseembyypasisi ngcaused  to
cuttin eV| for exanpl e a ade r d
pOlyngﬁpﬁﬁgog reglons aﬁﬁ)rg£09ﬁ%% oﬁgngﬁcghg&%gidBEOdH%%' In

somes EGnONSiidde I hetiontscép | ens peadsthg. #he dpstyseedzable
herein, in a particuylarly advantageous enbodi nent , of

- compqe G iRrent P om0 RS T EEN P TRIGH S of XPRELABI dhSectibied mold

asséﬂﬂij“k¥%(”E%E&mé@ﬁfﬁﬂfce§§§ﬁtrengPS’eﬁéﬁﬁﬁéablﬁl%kav1olet

| east one non-circunferential recessed region that
llghkms fibe mumauﬁedﬁadnﬂIm@yrtbnﬁemandeﬂouﬁﬁqﬁhoofSBnerated

an For ex e, three sSpa ed art ess .
to Qe t Rl L AP by FaRE BEST e S BT By Dassing a
cuttSiid agevDie f heot| apgRp1SUeh Hieers s ethrRgjionshdmyubed region
provided in_addition to, or as a substitute for, the
or FeEaPRAdidRA | FeBRVARGi e pr SffecERengiold sections from the

contact lens product.

As discussed herein, in a particularly advantageous
embodiment of the invention, the flange region of the mold
sections includes one or more recessed regions, preferably at
least one non-circumferential recessed region that does not
extend the full circumferential Ilength of the flange. For
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 invention, whereas fhe
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
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Typically, in accordance with the invention, whereas

the projections are preferably provided on the Iens
wa@bapeei7sur f ace side of the nold section, the PEDESHOE031078

regions are provided on the side of the nold section

opposi ng the | ens shaped surface side of the nold

section. For exanple, a projection, such asan annul ar

' MRy gBe, Py d déRpesn SUkf ags, e
an %#ggﬁ%rno stecf@%% g?ogﬁﬁﬂﬁhe Ieﬁ% cup por?%o%?ggﬁgg of a
flandee oBcebsesalmy dbecprovi deduod dHeoweensucaceoftidre and

fl ange of the nold sectign. Wien two of such nold
the 849 RN e sBEﬂV?—%@sQEd % g‘é)lwc?ﬁs St ahcsese?nél ke flange
of dregether skethiekhm a nol d assenbly, the recessed regions
provi de gaps dividing contact region between the nold
sétienon§WoAl ehoughchotmod S hisRFHi®He BeHd Dy sify recessed

regis es“%%& taggg{r%lgfd t{bﬁqéweqpt £8n’fo.trlPﬂe Qa&%lﬁayag)aeembl the

advantageous 1 n preventing cavitation of unpolynerlzég

recdsanrsl dEdral tusvihget bapsl triaddiing fasitaristepgion between
possi bly al | owi ng gasses to escape from petween

by
the ek f SBFREORENf udett P ARy e"Shr LS %0 Her Phefetinds by any

spedT® AlgR I8, aghigyed; byet HigoPr esenCcea s ﬁ@ﬁsbénaabgntageous
contact regions . In a further aspect of the present ,
in poresenttiory cbediteesi asedtl unpofyrenzedgbehermebapiel during

t | |.d ' . i ded. '
the GO PaP Py B S an CeNer gy Rbenbl o et FRECUNEN (hege 0

esc®fd eqriove betpkevi dentichracional eneugyd f dlaeyanpkerfaces.
ul trasound energy, and a contact assenbly o erativ§| ,
;@g gaps in

Othegofsned 4te 1Y ety asIertVEany effechrsestos ©

the td. fer the wbrational energy fromthe energy _
assenbly into assenbled first and second nol d sections
t drcaaseffnisiaan theeebetwkerthe Npresspeciifivwsaiiion,t hdevices

oo L EES BRI LA SRS A MLLLBROUI N cecions
are Myrwdidgeer.et e, Tspace@dvapast pehkiransyof camprise an  energy
asse%%ggggggggggh?gdargg %Laog%fggtggg T&Ldpigg%kﬁpsvibrational
energy, for example ultrasound energy, and a contact assembly
operatively coupled to the energy assembly and effective 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
ultrasound horn including a distal end structured to contéct
one or  more discrete, spaced apart portions of a
circumferential area of 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
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
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| ens shaped cavity. For exanple, the distal end of the

ul trasound horn may include a plurality of distally
w@e@ymeetishg regi ons, for exanple, about three PCT/IB2086/031078

distally projecting regions. In sone enbodi nents of

the invention, the distal end of the contact assenbly

may be described as having a sonewhat "castell ated”

e, Jn. t e di nd ig j
contGBREREREE) skRihBRe BVo Hafrin eoopRaieans Juiglins,  ror
exampeet angd ednglepedshapgdctdmy gcgiransregepas at egparated by

byrecessed notches, The uItrasogn horn r
a

di_at es
receﬁ??@as%%ﬁ@h%ﬁergyTpﬁtQu%F%aﬁ%?% |§a§9a?ﬁ§er$%E5§sound
energg thﬁépﬁﬂh§cﬁbf@ Legbapsyand tihe M deassamine projecting
uﬁ]e t her ¥

eto, causing Tusion between nold sectjons
regiansa gpldurtdie tyobdl desembly spapdédagdrardtovat¢aising fusion

within the nold assenbly. - However, i S¢ e
betwﬁgpeinﬁlcgt%eecf‘t%ﬁrfsr 2onf cp&%:‘!’\@ég Ye é’gfs h%vsecr}%co%]‘?%%%%sapart
loca@Rbplsak ikihng whir as0ai esBerBlyQr a ultrasonic horn

having a planar_ distal end surface, and still achieve
aHgEsviead naf- CHRGURFESs PESEOR, betteh tHErRergLc devices
sgcilon - p of.it he ; desgydped

can hggg%n.gEg%ﬁn§%3Lg§%r$ﬁﬁggggre23%§0r§ ed herein, and °r @

ultreaochiandeveryaconhi maplenaof diwoadr emok swffagigeh and still

f eat . is_ included within th f, 1 t
achieiFonti oHegR8TCH ThE e PEAL uf Bo PRol BUEACPH Sbon mold

sectd oe@MiRAtIOR KA @ re@knidt bEl kyel Reersisskedescl-ibed herein.
addition, any feature or conbination of features nay

b&aspecindcalverexEpatioget raniamPEhbBgrReRr An¢hgach and
evefgzr %%@inla@/i Q{ !ooﬁn'tw%h%sfce m ocSP%uﬁﬁ’ pf&z%?fc‘ul%s,t hfs included
resent ‘invention are apparent in the follow ng
withdet aihedsdeper iqit | bhe apdecleaitnsinpant icul arbyivkdn that the
considered in conLunction with the acconp '

anyil n
featyram ng8 iR ch | i KeChart s B r?e?é%eng8t mutually
incopéNBRalg . Brigf Jesenipti oanef tbgrrawidws cbhbinktli®n of
a schemati c expl oded di agram showi ng a devi ce _

features may be specifically excluded from any embodiment of
the present invention.

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.

Brief Description of the Drawings

FIG. 1 is a schematic exploded diagram showing a device
in accordance with the invention useful for fusing two contact
lens mold sections together.

Fig. 1A is a plan view of a distal end of the device

shown in Fig. 1.

13
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in accordance with the invention useful for fusing two
contact lens nold sections together. Fig. 1Ais a plan
wor@woafi6n di stal end of the device shown in FP@T/U$2006/031078
.Fig. IBis a perspective view of a portion of nolding
assenbly, in accordance wth another aspect of the
invention, in alignment with the distal end of the

de}?’i&.e ghowy | 8 %&:sgﬁe@ﬁ%é AviE\ivg-oflcéi %ao@:t&'o%n é!f €Wolding
of an alternative distal end of the device shown In
assdilgly,l inFagcogdasca peértdpegtdheiaspeoft thé pbet ilawention,

. Of.the nol di ssenbl hown i 1 g. ,1B. Fi 3 is a_.

in el ond A el ofef et op i i agsliery dpakanin Fio. 1

andamong lines 3-3 of Fig. 2 , the nolding assenbly being
shown prior to ultrasonic fusion of the nold sections.
Fifioa 1S astcp plan vilew off ope FBIEGTEEELVEN Bfstae end of

i |V s inFig. 2. Fig. 5is a bott
thep"a‘ﬁ’é@ié@&?’oﬁ@{'}t‘ﬁhﬁﬁl."wﬁ!n g i g is a bottom

an view o e nol d section shown in Fig. 4,
shioig Ng 2 hésnod d sectpant Bse | nclawdi pg thhee s@aceeh of the
art longitudinally extending projections. Fig. SAis

mol G IHtABHITH 2h STVW of™ & 1bi d-Section in accordance

Wi iy angt igr jerkedisteil: taforine +uendf ofhe WRB1L 8k Agt AR sembly
mol d”section includes six spaced apart |ongitudinally '
takeixt ahdhndig lpnsjsecitdnef FHig. 62i sthecmyslsligurt fopenbly being

' sim. ar_to Fig.. in. e i t e _dj st al
Sho"&gﬂo@%ﬂhﬁeo elvi_'l.rcaeé S loc\s/mfl’llénln(?f} ché ? an%c? H\%J%%o& is a
Crmiss. sectiisonal tdpewpsani lvarew oo Fi @neb mosdowieng ibhe of the
nmol di ng assenbly after being fused with the device

mOl@Wﬁ?“ﬁ?J@é.Sk@“ﬁhd‘-_r} Bl% ¢ 8 is a cross-sectional
viewy of 5 anothegmobdi poaAseeaP! ¥ri fhackgidaseetWohNshown in

t he 1 nventi on.
Fig. 4, showing the mold section as including three spaced
apart longitudinally extending projections.

Fig. 5A 1is 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
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 1is a cross sectional view similar to Fig. 6,
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
assembly in accordance with the invention.

Figs. 9A and 9B are a top view and cross-sectional view,
respectively, of a molding assembly in accordance with an

embodiment of the invention, wherein the molding assembly
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Fig. 9 is a cross-sectional view of a further nol ding
assenbly in accordance with the invention. Figs. 9A
war@7@B7are a top view and cross-sectional vi enT/US2006/031078

respectively, of a nolding assenbly in accordance with

an enbodi nent of the invention, wherein the nol ding

assenbl yi ncludes a pair of nold sections each having
inclhdee spapgdrapsit mpnej esétonsnPr ALH Ngakeaonshpfe spaced

fusi on between the nold sections, wherein regions of
apa¥iyspoal aeelonei eAPBHAbYT dastednsi pés fThAiPhgbegaeer e mold

nd e | [ 8. Cr sect. onal , vi ew,
Sec?%ﬁ%éttﬁ@%ﬁ&?ﬁmf§§#§h%iﬁé’gﬁ%g%ﬁ}y8?§ dé%%f:gﬁ%% wYtﬁaShed
linanoihmerienbed ment of the invention, wherein the
nol di ng assenbly includes a pair of nold sections each
ha@%%ﬁ'tﬁgée cPBipare PecedRellPEgiddis drBYPEEngectional
 e@ap [ f k ;
T e i oars Ao hdi aatonThy dasnad Prigace witk
anotlreFi gemd@Nmatity, dfl ithea sighemdtiian,vi eliegfeia mirbenmemolding

di spense tem_in_accordanc i th anot her_ aspect of
25 HEY N BRLEERS Bot BT 6d “Dodti1 bt PORCTRE prdian taving three
spaddlVepdroNratésséy pregl biys bpréesaih eQaFgrbbﬁw@@hhregions of

respect to nethods and systens useful for the o
fusiphuP&Erare SPecditlstt SPERSRES, t WHGFIF Lt 9JaPg oakbe indicated
py GPUES AL tfH“Fiﬁg thappropriate nodification

thereto, the present nethods and systens may be usef ul

f ofig hel ahaf actuhemaft iot herew ypesa ohoophéhabmispense system

. lenses and other_|ight-pol rizable articles in
in 3R OY L s R Ea s st
“systens, nethods, and conponents thereof are useful in
manuf acturing silicone hydrogel contact |enses, or
Detaiggd Regaripisiahat conprise a silicone hydroge
[ t r it : ;
e RSt ent s TERaR 6o i Be AT ary QSSFGroEy heredn
witlprosicealy extresdetdseand ssi7steme hydfajefoeonhacinanufacture

S nd/ or dail r_ silicone hydrogel,
of égrq‘gaec"c ?enses, tlho)L/;Lg\prait :lLS to %e yapp eciated that, with

appropriate modification thereto, the present methods and
systems may be useful for the manufacture of other types of
ophthalmic lenses and other light-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
comprise a silicone hydrogel material. For example, the
present systems, methods, and components thereof may be
particularly wuseful in producing extended wear silicone
hydrogel contact lenses, and/or daily wear silicone hYdrogel
contact lenses.

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
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contact lenses. In a broad aspect of the invention,

nmet hods of maki ng contact | enses are provided, the
woreihoaseyeneral |y conprise at | east one of thRCT/US2006/031078

followi ng steps of providing first and second nol d

sections, each nold section including a | ens

shapedsurface the first and second nold sections

surﬂoaedeng el U%H_“'s%d 4y beccomup! Rd1ar SdAacesd oge d}ﬂ&f st@uctured
forma | ens-shaped cavity therebetween, providing a

to mmlgm@plqabbe @dﬁp@@lmam@thﬁmﬂﬁyIEﬂmmshabedscahapydoﬁavity
mol d secti on,,.causi gp ?e first nd second .,nol d
P

thefseé%ettlwc?r?é"topﬁéw&gdﬂgeda %%ﬂl%%% SRS gt hd ™ Ehe

lens ol feasitandrsegenchorel desrtldmnscd wgeiderne afdrst and
causi ng the g ymeri zabl e conposition in the
secqrshguaskhpeecehon ey teo bgolopwdrliese Qo BPbreaed FedstBhtpedusing

the gcco%g’%d TE‘.“ELQ tﬁ%’ tgega%lgd ]molc? t&(ﬁ%ﬂg} together, and

ahce Wit e invention generally conp
caugirmyi dileg apdbymeflmamiml ¢mmp@51MQomogfhhetheoumbed shaped
nol d sections defining a contact Iens aged cavity.

cavifiie PN LY ™RF igghdral 13 GhprirSe $4% Ydsenbiy -

12 sty ured and effective LRyl dg WRIAHRR with the
energy, for exanple ul t rasound energy, and a contact

invesgsenbl yendrepévat fompylsotpraticlitiee enedgyiessamsifpl in
fus%nqﬁg] é%éé?tcgggssetra E%ECEH% Il%é% ﬁgﬁalfngggy?%t lens

ner gy fo a palr

sha@§$t¢@ﬁ§t§orn1m@eadb@ﬁ&esmape@eﬁéﬂalyy Ekﬁ&&n&hkw ait henergy
contact assenbly 14 is structured to radiate

asssfat Lonalt %t@@ﬁcﬂ ne8%t K i&Siphed 8l Pe¥Etdonyippational

enefﬁ%ﬂ]fbfagﬁgﬁp§8 @§tEgsgﬁH§ee%%%dyqzgn&“§cﬁgﬁ€act assembly
preferably spaced apart, regions between the coupl ed

14 ok tsietst T orsouThed cont Bl essedy| §sidmbobppitPsesdacffective

d d b | abl
co DBHLAS B0 2 0L o0, 1 UL et L0ce SOUBLERE:, 12

to BOrpann tdrer eslipl®e hord k&dts dref Eb&mlylgstaEUCltdﬂs‘Edshaped
to be effective to transmt ultrasonic energy into

cavigair ofrabrERkE¥t i 6AS §6n&8cto aéél%@kyuslf%nl%rsmvawaed to
radeE '5§%f%€ﬁo§§fCQQe§b& fﬁ% r%h@tcoupled mold sections in

such a manner so as to cause fusion at discrete, preferably
spaced apart, regions between the coupled mold 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
is preferably structured to be effective to transmit
ultrasonic energy dinto the pair of mold 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
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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interfacing surfaces of the nold sections. The device

10 may further conprise a power supply 20 connected to
wo b@7eesyy assenbly 12. For exanpl e, the powePCHURN§031078

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_hi uency el rical i Sy suppl
ErealgRudr O oL e, SORCENt ot 28 Ehangcs [he bl Sel YT 2%
The €Bakgytent Q2ulchraseni ¢hedianitcalcali Fratmyy Fenes gyltatasonic

t he frequenc¥ of the converted el_ectrical ener
mechguppRy WAPERTPEV I YA abot S6SRPENCY Rboltiugeonverted

heny Loy t LASQMI Ci fceypt baah ye to
elecFE%ﬁage tréﬁéﬁitt%%y%hﬁgﬁgh an angFitudeyngg?%yiggw Ktz
aboudle¥Oc&Hor a booster 24. The booster 24 is a passive

(L,e., _non-powere devi ce which is ed to no
ofnppﬁutmgﬁﬁ%%eug%rﬁﬁgnégnvae?cf esrtjz(ﬁau}geggre%giyt drjpée%ctﬁggn' be

trankhetReanth@oubh ah |a©%ﬂtit®& effendiyient ddvide ¢@f esenboster
invention, the horn 18 is structured to provide

24. suBBeaherarky disciet @ riedfHhEe of LvFbr atBiy RANGTEHA) device
whic&orise eccgltrﬁgﬁﬁ% n{:%g' gp%%agft Lagused gy tyason CSonverter

or “exanpl e, he contact assenbly 14
22 bedyrbeiadvantageotskyhstrnudBured to contact, or nore

i sely, b | cal | .
DOt i 16 e LPEPBHEEAr BT onst TAE Uhupr PR the

hornS€alg 0Ng . JQrueXad e, tdi prdAEhoVWSuss PhRNiylBW Ofliscrete
the distal end of the horn 18 shown in Fig. 1. In |
regiphiss aibothreReTyt RESESNY actioasSeNBP e 14 1EFerigesregions of

focu%%%t% t%%%o%ﬁ%éhaViﬁ@rpégg%ggépgtﬁggng% %%pcﬁpaﬁﬁg contact
apar t”by Tecessed regions Cc. An area of acoustic
asse@®UR 1Y hepywesn bHeadistabuehg Barwfturdes hopn cditaed, or

a pair of contact |ens nold sections i t, defiped b
morey PGECdSetYng" t6r PFrcéﬁPBFEﬁFF;hyreﬁpgﬁﬂgg a@&EEEiCOle a

portQ%%plkﬂg- a circumferential area of the coupled mold
sections.

For example, Fig. 1A shows a plén view of the distal end
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
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
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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Fig. IB shows the distal end 18a of the contact
assenbly 14 aligned with a contact |ens nol ding
wa@e@ei7g7 40 conprising a pair of coupled contBCT/US®N&031078
mol d sections 42a and 42b, in accordance with an
enbodinent of the invention. The somewhat
"castellated" structure of the ultrasound horn 18 is

nt@ff@@ihg‘es‘u@ffakkég txget her miohe rdek s9cd i 0P8 4281 agh,.,  The
42b of nol ding assenbly 40 at discrete, spaced apart

Stfm%%@fﬁoﬁﬁ @éﬁeﬁéﬁﬁ?laﬁmﬁtéﬁﬁacyﬁgt@@r$gé%sl%fmﬁheb@DW@de by
4 T stru f t tal end

mac}ijg t%e or n%SzérJrna(%/ Lb:f magde %ymacoll ni %%Qﬁl sctoqvemlon":’ll

ultEmﬂo@ﬁdahSMhtahbmhswﬁedaCDGVEnth@mwhaﬁtaaﬁbaﬁdrh@&@tal end

uch as a horn that has a planar distal end surface,
surgﬁﬁﬁ' aSUER cdht § neRRISI RIS ot RS Rfeh- t he distal end of

thﬁh@ﬁrehésdh%tﬁhaQﬁﬁi'@fcgﬂéaﬂbfﬁtﬂﬁtfg’ﬁ@éged in contact
assenbly 40 to be fused, only the distal end surfaces

witlof thiee mrlj eetssagbiegl%hstqsrbveoffmsh@dhopnlys tdree distal end

ed he nol d|n assenb 40. | t rasaoni c ner gy
Surfranssmtfte BF r SRS gﬁ)egrﬁeg% lg( ? ﬂbﬁm%l 18 are
couigd lbo i8he thelbong 1§s@€ﬁb&9t04bhe nolud tasseMaleyy energy

40 wi Il be focused in discrete, spaced apart regions,
trappleke@EplEon ddif | QRATPBgIPGHRENRAM hiBOE hehabhdiliy Fig. 1b,

1nt@s§§@bﬁgrﬁoﬁ8?ﬁﬂgr§££¥ gﬁerﬁgﬁangssg%ggyg?bn%lhﬁ be focused

aligned wt e protrudi ng regions t he horn
in ﬂ&8d¥¢mnugmprQdthpeetprDEQMGhens i8b asrenghoewn ilvcalized

Fig. 1A ., it is. to b preci at
rea {gifiai RPN oENEREOLATER 11 SR (1 uCBCR RSl FHags regions
lond it eei f DIy US1 OfSed Of 1 HRS %hteh%ftdﬂ%ﬁﬁr@ OIS 0NS18F0bE the
exanpl e, in other enbodi nents of the invention, the
hornyik§al end of the horn may include a single,

n%mﬁr Stg;%ﬁ%?&%égﬁugfml £38 Q£8t EHglﬂgnln Fig. 1A,

havi ng a” subs aped Ccross Sectl
it eiiectwvebeo gppsec haned- anhatarot59ronemboﬁmmenms folf the

Ie a C-sh ion of fusion. As anot her
lnvee%( edn Je%'f?lf G’ewi% Stm FARDt SRS vPéWCSFSFpﬁs'I Hr more

thaﬂﬁtﬁﬁ@%hﬁfoﬁﬂbggbﬁgnt @lort R ANt i 0N other embodiments of
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 view (similar to
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
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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havi ng six protrusions 18b is shown in Fig. 1C. In a
preferred enbodi nent of the present invention, the
worelod/oagsenbl y 40 and nol d sections 42a and 42BCT/US2006/031078

t hereof, conprise pol yethyl ene vinyl al cohol (EVOH)

which is a suitable material for ultrasonic wel ding.

It is to be appreciated that other materials may be
polwsesi & omdmkiing &,healerpnemlsd s8¢t neRscOfndherpLiesenduch as

I nvention. For exanple such other materials include
polystyrere c maarvca@ofadre ,examsitylonitrile/butadiene/styrene

stic Neric erials, us pql ric '

com%£$£€?§+€;sudﬁﬂggﬂgolﬁgg§¢§%e,Cﬁ%ﬁ%@%&%%%ﬁte,%éggilcs and
polpstyfeméiril e/ Betradirosebstiyhene eeppnsi tiomsh Cyad i cacetal,

ol efin_co-pol yners, acrylics and pol ysul f one.
POLGRFPRY YRR | i ne RBIMRERHER%s acet &Y10l ypr opyicdyethylene

ne p y er I ;
e T BT el Sro tihor “a6l 5o i s ari [T atrgine and
ligetrystealy spelly nee sbymeys almsy belpoi red victthedl twaslniudtrasonic
energy. Several factors can affect the weldability of
e Yateri al by vi brational energy, for exanple,
uld&vsedil Crenes gy . cohe affdeldr dre theldmiingy 0bf a material
softening tenperature of the nold section material,
by vRBrRtgReplt HOGHIY of O5ofeWIHG t chpREASARECofengrgy.  One
eri.al e ner.gy i g ldi
e T her 1o { RO CSr P iis S PR Gnt o7 T ThEe ) e mold
sectwipc hmageseral | ythafhigneesthbemabt| bty sof tEhéngattempalrature

to transm.t ener to ajoint,interface. Typically, a_ _,
Of gy PP Sr Ahnt T alORGs DI 17 anefiedrfn t0 causd’ welding.
AnotaePabi ki tihes. s A AU bhe tiespite F IYENELObd Swelded which
general |y described herein as utilizing vibrational '
genestrek gy, 1Abtecspeti thealali lify rafoiihe emdrepiak otpuseansmit
dto r. | ens : tiaqns r .
eneégyg?hefid??%@?eéﬁg%%?é§efech%?@%ggﬁgﬁd gbp%?a ﬁ%gggﬁterlal
has dbdteraratti meed gmicrs iaddiddperiail 1t dees appl 1 ed. For exanpl e,
| inear vibra&%yn wel di ng can be used with suitable ,
rrd?rﬁut Eti &S t BEFEPR otV eREEPRNSL T 0GB TR 1LY described

- herein as utilizing vibrational -energy, more specifically,

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.
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
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 to 300 Hz. Materials

preferred for making mold sections suitable for linear
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Li near vibration welding is acconplished by an
apparatus wherein the nold sections are held together
wowaoh/oarteappropri ate force, one section hel d sPEL/US086/§31078
while the other is vibrated in a direction
per pendi cul ar to the contact force direction. Friction
generated by the vibration nelts or softens the
vibrEted al w@ﬁd&ﬂ% poiﬂ@l@éecoﬁkﬂgkﬂﬁﬂ% the §§95tg?§néUSQn: a
toget her. Typi cal frequenciées of the |inear vibration
comm@ﬂkﬁwﬁyeﬂﬁﬁ&%ﬂn¥n§5ﬁQkMﬁtMKFWt to 300 Hz. Materials
f rred fo ki t S, Sui t ble far .
|I§E§}VI r At %g%@ ﬁg% o%%% % é%gb y%%?§% %of§%t@r§ﬁétable

matefisl CoMPoshbtonpaemkai Ridlgipe ysihaene. udoot her  apparatus
nmet hod for_joining nold sections of a suitable

contagreim G| 2 ée%?dppétaéawelo(? P Chl ek ekeBpe bpparat §8d heat
traéﬁﬁ? 'ﬁﬁgﬂe ohgakﬁg1ﬁ%§t§£b5q?§§n£50£leqxhﬁﬁﬁfrﬁéuﬁfaced on

eat transfer where one the sections to
or mehdethes hgladeed mietwen nearttde. hedhed pletearesendf t €he mold
The surface f the nnldﬁgectlon or sgctlon

sectgftt ofibg © S Bhd SPEERTGHT O yPOEEEd et i ARickly

fordedr esgedhker Iﬁn%VabrEéQmatf@elp' HeedvalVht erb@l Sshe platen.
preferred for hot plate welding and suitable for use

Mategsl lgntriateered nbbd Bektpbrise i viel duegpanjeshyrahée for use
as F’QJ Q! eng, and I%'JTV' Nyl ¢hl; 91” de, Aqopher aRbBady 1ene,

apparatus wthin e scopeée of theé present
polypnugyhane|ahdephky¢mgﬁmgﬂﬂpﬂmﬁahng wherei n nol d

secti s of suitable material are pl Qed the field
oF T TR {6 5o dBe gt I Ut T OTmdHGe e ohBPgySFHPG of the

preddrRquencintidngi Ag f Loy gbogite Juddizy t %@Qﬁq{g 200 Mdzn  mold
The el ectromagnetic energy increases the nolecul ar

sechiidiysat ¢ Hn sofl tedrlcai ma el leclul @sei wlelsedneter the tfidelide of an

emlt{’tﬁllnt OJ_IdO Ll[eC§ %ng ﬁ%(tfgl Cl'{\dé}‘lsetm[eét Gtil'cl)elsi)fltegnor mekgfequency,

ions ar clanpea
randioget heromndesbputessar e eing t he engbgyt deldocer edHis The
. controlled to a specific depth or tailored to a
ele %ﬁﬁQQQQQ?ﬁﬁéie?P&FngeH“%E??ﬁﬁﬁ &Per neot erelap| gibration of

cert38Gl i @91ELules in the material to the point of creating
sufficient heat to soften or melt the mold section. The mold
sections are clamped together under pressure and the energy
delivered is controlled 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 together. A preferred
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
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



10

15

20

25

30

cause the nold sections to fuse together. A preferred
material suitable for making the I ens nold sections

wo oro7/021dbD frequency wel ding i s polyvinyl chl op¢T®ES2006/031078
Anot her nethod suitable for welding I ens nold sections
IS an apparatus that emts and focuses infrared energy
in discrete regions within a common pl ane, thereby

radf@i | RGRIG,S0ELARLRY i SGhet g1aspaced aP@t1reOLeRsr 1t is
within a particular plane of material but not

remaFd eri by mchbdeﬁecteom anee nel@msedt iona Foegsedgntil fused.
e cau fte t|n of the
Pre#égfég ggdlng egﬁeg &ﬂ%ﬂ? energy vﬁo?used infrared

rrater I a

weldires adi antleqaer gypsdyueerylseneép pl geeyprophoehky af perlyvinyl
it,1s removed, the nold sections, are clanped in a
chloyidsy RRIYSEYRRRE FF i FIBP ot P e Gl Re Lystyrene.

i f # argg wel ding.ii n 1
pg¢ye?ﬁ§fenér qg#ipropgfene polyvfﬁg1 %H%E% fon, a mold
assqmbyﬁty4@neisr prcmnpeslthhChonLalnuagfpélyﬁbyremeking an
not her aspect t he esent jnvention, a _nold
o i Tt S frovsied AoRoTS DUSFOPeFoPoRkRErg ERS- TP
yet OPhGHRLA] C re@RSeSUdbas 81 theongyrdriegel £onbagt section
lens. In yet another, rel ated aspect of t he i nventi on,

is PrRyidedctilbichs pHVI d&e@ i clEouRien bailig coupitder mold
secﬁ(’:ﬂa&h %Sﬁ%?eé @gggt %Sgéﬂnﬁi‘%g u??réaﬂmiog %ﬁ%%ﬁblt%E%Eﬁter using

used usi asoni c eneragy.
ultmeanple,endwgyml di ng assenbly 40 shown in Fig. 1B, and

shown nore Iearl in Figs. 2 ands_3 , general
Ot | SBETRIPY ¢ dttamola SBe | SR CAIR Hah g SEORBK Fig. 1B,
and | ehsw:shaged keghbeny46nand & secopsgobd ?@ﬁbk@@l§2gomprlses
‘having a concave | ens shaped regi on 48" The convex

a fiwests rehbpede ceybonids h%Vanﬁega@PWEeéf lgnsarhepedr region 46
and Sﬁrfs%g:eonoé ﬁglgp@é@ﬂ;n Shal %gl hg CANGAVE lf s shaped

'S a negative o posteri or sur
regﬁmnaﬂSDphThalﬁb&vbanSenIEEQB@ddHnegNdhVﬁﬁdfﬁ a negatlve of
to %ether both of these nold sections 42a and 42bh may
Be %Hb@?an‘ﬁ%ﬁ‘iﬁ @éntdTaPPihReL P et Ut Snd 2P6r rﬁherhéoncave

lend ef$a5aped 1691 98 MBY 28RS ve of a posterior surface of:
an ophthalmic lens. Before they are welded together, both of -
these mold sections 42a and 42b may be substantially 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 mold assembly 40. The
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 is preferably coupled or placed during the
fusion of the mold sections 42a and 42b. As shown most
clearly in Fig. 3, when the first mold section 42a 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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referred to as a lens cup of a nold section. Fig. 2
shows a top surface of the nold assenbly 40. The first
wodd/0sE61 i on 42a i ncludes a flange regi on 49 MIT/TK2006/031078
ci rcunscri bes the nononmer filled | ens shaped cavity
within the nold assenbly 40. It is this flange region
49 to which the ultrasound horn is preferably coupl ed
shapédplragedndurg ngr t BRef WsicoRdOmdite s@b€iseClLen8e442 monomer
__and 42b. As shown nost clearly in Fig. 3 , when the
filipestendrahaeedi eavaby PS- coupled with the second nold
segtion A2b he nvex | d ion 46 .a the _ .
fi?% “nol d %%%ti%%842a§aﬁ§g%ﬁ%ﬂ%§ﬁc§%§gléﬁggh£§¥}om VLEWS,
respegt bne 4B, obft e Iskcoad: mh d48ect i art dehbnddabeRDPReciated
{iILed Iens-shaged cavity 50. Fig. 4 and Fig. 5
thatefrg8ent® 1P~ and Botihnk &/ BnstOr BOpEcti s ion of 2hp| gs mold
sec§§§ﬁ'QQa4%§Mi|ﬁo§@°%@@t@%naﬁﬂﬂﬁcé§éegub@@%n%&ﬁii 4:ﬁ%¥ktical
5 could refer to nold section 42b, as nol sectign 42a
to aadhnotidesechionr 42b fwelisubsimnthal ¢pbodienenicashown.

e ther,.pri to_fusion, . in the_enbodi nent shown.

v Sentrshtho R P rGHEeeRoPheR RepaUmre FmirEsargyon of @
postérbopostiefreee WA face ol al®ns ardak iRRJaihYLession of an
i npressi on of an anterior surface of a_lens. For _
antexsehl §Urhere sekt Ponl % i ndiUde8xampdficavioikngection 42a
incﬁ@éé@'&gc§#f£95elé§s GaRown, nsﬁk?acé gSthqghown in Fig. 4)

substanti al 'y opposes the convex [ens defining surface
tha®d6sistiommt ial Fy gopboyes The tbamge degisone49nimigclsurface 46
( hcircunBIicribe the Il ens defining surfaces 46 and 48

ShYhetal 137 conprises a first fl ange surface 58
ciTieainserbhay aedibecated radial | yeoutupedlypet thee lens
concave | ens defining surface 48" (see Fig. 4). The ‘
definipe FESGIEH 4ur eRer éBhprysesral bubstamibiey a first
OSi ond: 1 ang: : ci nmscy | bi an .
Lot SR a0 al | 7 oLt ar AD coRtix | Het g ntagtally
outwardaceod6 theeecdiapvd Jens| defheinbl ustrfatcrd 487 (see Fig.

e di t, first flan urface 58 can be understood
9. {008 apLtbEEr S Face r HHaphetr RatbIgees o substantially

opposing second flange surface 59 circumscribing and located

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
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,
or alternatively, a longitudinally extending projection which
is substantially annular and circumscribes the lens shaped

surface.

22



10

15

20

25

30

the nold section, and the second flange surface 59 can
be understood to be a | ower surface or bottom surface
w@toowloz176pl d section. In sone enbodi nents, at PERE2006/@31078
of the first flange surface 58 and the second fl ange
surface 59 includes a |ongitudinally extending
projection, for exanple, one or nore |ongitudinally
exp&ndidig e, eCE!s°”§h§6a'Hh hisad %ﬁ%\’m 18, Fighe! Borffitudinally
alternatlvely, a | ongi t udi nal | y “éxt endi ng pr oj ection
exta\mmgl prelpstapns amlay aromylrErs carat clegsipsthirkes :mamdual
ens_shaped surf ' s shown_i.n Fi
D2 FE TENGT DA Dar | oR%t SN HG BF GPELET ofo iy Megmirtsared to
as 8pipgasHhreern néhvsdyalrt ispaced apasdinio eCth@élé §@ps 60
(hereinafter sometines referred to as "pips 60")
are t prgvpdedi cuitdrcendsi rengl tutiae livpse sberpény pronectlons

locé’l‘fé’&" @%ﬁ'lampc%@ﬁdaf&gfatolfg'%ily a® c? i&g of the convex

proj ections Focate dut Ward| on

lenpodé fomiog $mmf£©®ve& | ens dhbwnlmg §mgfa6e 4&3 @1@3 60 are
sho in Fi the pips 60 are ted on

LoCRHnd | S§EPFﬁcef EHIEFF%u cr‘i”Bé%ht r?ércumscrlbes

the COBMOXx! Q@%sd@féﬂl‘nﬂglgs%ﬁﬂ@&éf646-rhe P8 A€ are spaced
spaced apart and define areas of raised relief

apayle| anfveetfangoraients of théseddizslisdr ferkabitaetn Pegtions
of Pﬁ@srggﬁaflgﬂgf get?%t%%%% qgla&ﬁgﬁbQ%p aSA9§hnggh the pips

Structure ,
60 atkerghm@myaeonméiﬁ@ bbneaela@easlﬁéulamseﬂargifﬁﬁtuﬁé the
es qther than circular. For exanple, the pip

. sha may
PLDLOfPY| Sa tATCHEED Vs T 56 ehtROaF o GHEE SsymeRe Loed relief,

or Rakbiedl | ¥yriedF CYmBEr i bi pguihe, |en§o§haﬁﬁgq§H§fa%ﬁe MaYs  may
ot hér shapes, sizes, and nunbers of pips 60 may be

compr ioia detk suidree| 5 agmld rdt i v@lay:ht h&nsiyed €60 segmeptt  partially
01r§h£§8§ Conghv éﬂgcu gg%ﬁn: rcunscgbggggh%?gr shapes,

et Surf Ce, for-8 re pi
81Zékﬁlnﬁu& COMb O USe £ anpubar 60Ngmeir coasChirbividethe wherein
| ens, shaped surface. The gips 60, or other

C014%ﬁﬁﬁ el nal®¢ exP&R8i ngP not define a complete

circumference cilrcumscribing the lens shaped surface, for
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
surface of the flange between the pips 60. In the embodiment
of the invention 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
may comprise a pair of "universal mold sections™ in that the
mold sections 42a and 42b are substantially 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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proj ections, may have a hei ght of between about 0.2 mm
and about 1.2 mm preferably, about 0.6 nm neasured

wo e@moette7 surface of the flange between the piPpSI/682004/681078
t he enbodi nent of the invention shown, the three pips
60 are circunf erentially substantially equidistantly
spaced about 120 apart from each other. Turning

sub®tdefiy) bagk drendritd. w2th tiiee Mligisnds @Sk %A0s8BYnd mold
conprise a pair of "universal nold sections” in that

ec*ﬂ@ il ween i bre mekd WW%r@r%m&ml%}il y
I .
S0 o AEPIBLE RS ARCARRLATAZS TS 2 g0 an

]lty of erein
accé&d&h@@CWibﬁ 42@ @ﬂ%s@ﬁiumﬂvﬂﬁﬁﬂﬂniﬁhimnﬁﬁtsmmEMakh@o mold

pi ps go of the second mpl d section 42b when the nold
SeC%Jég% s GFESBSsémBitedold FeBAGN | 14N r a8 eBranepRer with six

plpémi@'oS@fgtlce@rléﬂahntﬁfggsdéeest th}aaﬁsl@{z,e %%ardl of the
2l Ly

i nvention that 1s simlar section 4
len&ruﬁonmﬂnm'seawﬁame14m54s prqudedmmlﬁh sextppps 16@ can be
t hree),l ocated ra i L1y outwardly_af the,
e ey LA oL OE 8 Pt 20k B R By B 54 B0an Sdng an
ult&fdeetd vebynf Uusethtdo8dandLoN0bE defd rmkféwtmrps A489ing the
usi ng an ultrasound horn in accordance with t he

distalefitd omhoravihg the B st darrsth e Fikpre denrin.
deﬁ&fé@ﬁl&' é&?"@ﬁéﬁebféﬁé& 1Lt shayld seetaear €Giated o rdance

sections in accor ance with
witmnbbUeneamSOUﬁmEheS|nm%nth®n1naynb¢oprmunddﬂamptbvadgd with

f h any suitabl.e hei gh dth a
any SHABRERop E el o D0 G Shbn e AR ofeiey Cpr ovidlar,  and

shap®l d geGt | eRSmPBY| NGnkessrdhan: t hheenpiiBs, H[Hyepw@ﬂde mold
three for exanple, four pips or nore.

Secmtggﬁéagl %e@achh@)mptmeles BiRuct Bped dln three pips,
fongggééngH%g&& f&PH&y as a discrete or localized

usi etmeen Tie mol d sections 42a and 42b

\Mﬁﬂvaﬂﬁagﬁmnnxyﬁneagy pspappl iied shernetwred RHape®estioned
to ggp%%%%c T%guggngag%%é¥é€g“%§tEgggEEEZdo&éégzn of fusion
between the mold sections 42a and 42b when ultrasonic energy
is applied thereto.
! Purposes, aspects and advantages of 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
fuse together the mold sections of an ophthalmic lens molding
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 the peripheral portion 58 of the mold section 42a.
For example, the ultrasonic horn 18 may have an outer diameter
about equal to 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 of the horn 18 is sized and
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present invention, will be nore clearly understood

wth reference to Fig. 1, IB, and 6 . A s shown, the
w@ea®ymki7at ed ul trasound horn 18 of device 10 iBCT/US2006/031078

structured to rel easably fuse together the nold

sections of an ophthalmc |ens nolding assenbly, for

exanpl e nold sections 42a and 42b of the nol ding

str@assery y 4QchThendd raseai ¢ hsfed8idmy begsibzed amb will

structured such that output region 18a of the hor n
subsliastel 3l ¥y tasl itgn thletfpé‘rhqmmJ@l %%thtlioéh m@ﬂc&mmm

sect anpl ic,horn 18
hg\{f/eeﬂhaondsoﬁ%af terC ?Fe%%% 0 tﬁ%%u?romg&& by the

pre@brﬂﬂemvezorfle@ch CEfort i‘@xmpeseat mendicdlai randcddbdahoe with
exanpl e about 20 mmin dianeter. Myre preferably, the
the oR¥peent egPBANEBAN 0P SPRE RSN CP@‘Pirésﬁsze’?d step of providing

a fﬁ???%é%ﬁi#%%?ﬁ%ﬁfgh%flg tQEtﬁ59ﬁ§CiéH9 589b9RS s18Race and a

e nold section
flaqg@jeegi@mslecatwﬁthadsumﬁewamtngléyC@MQundIths aees shape

rovi ded pr i nvention. ., For exa a
surfagn Rl SR oTaane R T ket iR Bor ian s articve" 1ens
shageNesakFXce0BPHl SeSfaashep fgiprovishage@ thkstmielkdntially

section having a convex | ens shaped surface and a

aroqﬂ@uﬁﬁﬁr%@@%nshéﬁgtééréﬁﬂ§unfA@réﬁq%ﬂI%ﬂ%ﬂ@ﬁnah?hélrSt and
thelggéoﬁga 813“&% ﬁcf&&@@d'nﬁf§j§¥%l§H]hfgfngxgmple,

concave ens S ape sur ace and a ge regi’on
andIaxﬁﬂbﬁtantxaﬂﬁﬁr&mmmhatypaope061®Mecienemshapblng the lens

surface. At |east one of the first and .the second nold
shaRgitt FERLOPncTTdas S8 pROLIE ore RovY SEorpared fapart

proq St | 3hty aRNubascPiBEECH1RRWBIkUNBEFEDANT thee method
ens shaped region or alternatively a plurality of

urtgric erbraparae Hrof Ectd ors & uebnesedeserPpeank| sBwhBpeconcave
engmgﬁﬁgrdgggrfgégogff%?%h%gxﬁgﬂpﬁﬁ & HLOY igﬁngna assembllng

onent cave 1ens s aped surfa
the(ﬁoldﬁSéutxnnhrﬁbqbﬁhﬁi|smbmnﬂhaesaﬂblemgtthepnmtdon of the
secti ons toget her such that at |east a portion of

t he
flangengeIt+eyi B A"on8l of-bend™ st dS8EELPBAS s 1 substantial
con@&@§t@ﬂﬁﬁaht0@@é§3 &‘%Br%&ohe%g PO 5AReOTrddi®n of the

| ange region of the other one of the nold sections.
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
mold sections and provide contact points between the mold
sections. The method further comprises applying vibrational
energy, for example ultrasonic energy, to one or more discrete
regions of the coupled first and second mold sections
including at least a portion of the one or more projections in
order to soften and fuse the first and second mold sections
together in discrete, spaced apart regions preferably, the
regions 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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More specifically, the first and second nold sections
are coupl ed together so that the one or nore
wo ervgioerei nal | y ext endi ng proj ection or projecPCDNS2086/631078
| ocat ed between the nold sections and provi de contact
poi nts between the nold sections. The nethod further
conprises applying vibrational energy, for exanple
com?@ﬁé@@oﬂhc1§ﬂ§rg¥m519h@ﬁ§d0%aWH&§7d&écb%§§mé§9%%n§xpfform a
the coupled first and second nol d sectionS including
lengtpredisgtt a portion of the one or nore projections in
order en f the first.and cond I d
sec ?o%%aﬁggéfhé%%%ﬁrgﬁgkré?%,S§88égacag§¥ttfégﬁﬁﬂ%' 1B and

6, preicrabbysehbeyr e ons gfrdwisicd) nRheeoMYNY NPolO® assembly
define a conplete annul ar region of fusion around the
compihgeshaped CaAAF. The 1REPRedafur THEV R Uripéf sections

thm% E%é#ﬁeiﬁgﬁuéé eP.Of Gavsi Bgqt RenIRRONBH G ggogﬁ%aic%s. Fach

ens-shaped cavity to polynerize to ma | ens
molgr eeudtionFot 2@xamsl e42befarah ngnedwdspectiliteal leguticlistantly
ths. IBtand 6 ,.a mld assenbu%)40 %s E%ovide ,dmher% h
SPACHE FBRUT aBEBABFY CBpPFs & B WS &i mi tar “87FSi GBRPFCEENE, the
ultrakdbiyed Sebrnmokd isecidonsiddad sachnienclseda gt higrese as to
~and femal e nol ding surfaces. Each nold section 42a and
alligrpprechct Hed ubesione eéBbqeifditscatasy skhcedtiaphhe pips 60.
ool f Bip . t hi L eat. ‘
The HR Qg O 424 5rGRtmale; ChE BTROPRAREL. bbER, Lo vdbrates
witlasthe adquetpragleceénaggyegimonscBbfobmt kdehonht#8semid horn

th [ 60. The nol d .section 42 Xjmate the . ,
16 1 FrB B RPE a1 S AT RS AT 1 RS abOUS: FEARTéREHgy Tixed
pos@idd edof ot he vbipasori gdtaldh 18 The oldwef 8Btfions 42a

section 42b is held in a relatively fixed position so

and thd at rerativecrbicontakes helastdasetbeonsra280andThe mold

t e..p.nt takes p e at. .t [ 60

cos D PL LIS Hkr LA ARS Sk ep PLOGE A8 DR TMBips ene

weldlitrd ngrébessel dvagrproeeseneigyr attoryi enestgy Aégions of the
i screte region o% the nol di ng assenbly 40 t hat

mOL{ Y HRSSTREY pf s CB8L SPEGHTER é0% GRSt OF hi BugAnverted to

heatf TERELQGN WhiiCh 13@f t &St @Ndsdef oh 88 shbe AL the plastic
material of the assembled mold sections, thereby causing the
pips 60 to soften.

Turning now specifically to Fig. 1B, it can Dbe
appreciated that regions 66 located between the pips 60 (which
generally align with recessed regions 18c of the horn 18) are
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 1is reached at the mold section
projections 60, the acoustic vibration may be stopped.
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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material of the assenbled nold sections, thereby
causing the pips 60 to soften. Turning now
wap@cio2izenl |y to Fig. 1B, it can be appreci at ePICT/0§1006/031078
regi ons 66 | ocated between the pips 60 (which
generally align with recessed regions 18c of the horn
18) are not exposed to any significant |evel of

i brat.ory en , t t regi o]
aparf, 2ed E85et nare S At AR it e baerFor F o° TeEY
shor&ny Singni fi camir degxe@eplhenihhe seokt eradbRiiatentiss of the
reached at the nold section projections t he

. 60, ,
invea¢easyi LY Mt PERVREP LENSt GFF&d O Fr eS3uPE SRl lpehed from

abouiPIA Dedobik ethy g0 Jhe gol deassambl yrhénskhength of the
irection of arrow /0 in Figs. IBand 6 ) while the

joinpoiynertiec dhberebdk sodgUdis es st oappeakematebyeciialy of the

bond between the nmpl d sections 42a and .42b at .
pare&%sc?%g_%f:l@ ac téjr‘fufaeﬁi%n .ecﬁ1ueseent"vili§‘ ciicl EORRYORAStLC
mate28eaNP| itsRed el ta nver Yarghordudddiuertor exaiglyindg of the

sonme enbodi nents of the invention, fusion between the

mategdetli ondoes acdnpl FshedantdmlaboutaBEersecdfigs tBechanical

prop%g%%%so@%e§%8%qd' The strength of the join in the
isCrete regirons is approximately that of the parent

matser ¢ath , readtiiloul lael yadrecatise ad t hya dreer dopl @lse i €ield of

material, the nelting and subsequent solidif.ying of.
ORI, S THoes it SUBSEARTEArg CafferiqNh SeCtions 423
and MBEhaRi calrrrapertiighcbneraalivA $oCancheadhky .be

appreciated by one in the field of ophthalmc |enses,

i Tursingpoovarre gt the st duekein s A0 hnd4 4260BRT 1S1N0g

apey | i rel ativ . other  Turpi oMV '
cre BSURSTLY GISY 0 YD GO R gt TR0 0
of fhused setieh gectli2enshd4a andl 4@bfisdshowh. pielvtiee pilpscrete,

60" of nold section _42a have solidified and . provide,
spacgids FRAT:; g%%%lasaﬁértfurSégafbrEeweﬁr%ngﬁ Bt (Heons 422
and M@hd sections 42a and 42b. The filled cavity 50

between the fused nold sections 42a
The filled cavity 50 between the fused mold sections 42a

and 42b preferably has not been altered through the fusion
process. Typically, it is not desirable to 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
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 section 42a, and/or this
structure is useful for facilitating proper alignment of the
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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and 42b preferably has not been altered through the

fusion process. Typically, it is not desirable to
weawsm2eny def ormati on of the nmononer fill ed cReT/U$208€031078

Protrusion 74 of nold section 42b nmakes intimate

contact with nold section 42a formng the |ens

peri pheral edge w thout deformation or fusion of

Progtd Usinyidfly AL IRIOt I4Si Qe %&e%é%@' @nventlon are
annul ar protrusion 76, located radially outwardly of

advapT@tqwsalry 74, stsucatls-‘oeqbr ovhded ayostiowmg | n Someneans of
f the i,nventi thi,s structur r oyi.des
ltransc?r}ﬁga]‘if [ o 88 Pgt the”. mo?dasect ((:)tnlfr e&:% %]n%l ZYib without

agal ns stru

causidjAceny $DdeH SEEINO MR i vndé pFedbs Stﬁatumwrbel 8aused as
useful for_facilitating proper alignnment of the nold

a regeth opk %’@ﬁa%@%ﬁe%weaf%r]@%%ngTﬁéaaﬁmr*a@dpiaaj EBei genomer
VASTRS z th S I n

S T Y e8Beot T ea St Rer Tl g aserpl fRRLY the

vibmdtdihe @m@m@yﬂatnaembcanlanea@dvanﬁagﬁousky @HVlmyu5@dso as

as providing a s of u tr onlc u3| t he nol
to Soedl RS R R aEom (Pt Sy Ty i { LomRpS Lt ton.
Advd1egaid Mes Bf f et ddatordrays b@n@ §@jﬂe@»§l@nr¢§uaéf@£e a flash
ul trasonic energ bei ng transn1tted to the nmononer

retgining aegdt §25 ocabedeiégﬁvﬁén ithej Pidessi¢@blangothe filled
cav% lgbtheFM%%ﬁ@f°&¥s$€f%%¥oﬁto§ LRS@B QnsegegglErQQEuctural

cavity SO0 as cause cavi atlon 0
arranﬁamﬁﬂﬁzfmieacﬁmpesitb@alnédgamnageou§lyrovud¢®cin0Morrls,
74 an ojection 76 define a flash retaining area 82
V-S4 dt B%évw§§4Q§u§%ﬁ ‘ps 60" and the filled cavity 50.

Flﬁlt’t!?‘,ﬁ!nadcef’@er | RE1 @M Of 2886kBEH eSUIZAD] £n8T BUGT WAl shown in
arrangenent for a flash retaining area is provided in

Figsvor® i endU9Srepaeehi vROY - 6, J0% 8930 laling natssebhbdei Ag0 and

sse 40 and 340. A 0 nd

340 ré%%g%]$ g%lﬁi? ° ot ngégéﬁg%% n€ g%i%§%§% %io g%gh the
n&uﬁstaﬁmﬂﬁﬂﬂehdﬁIﬂHéﬂhd()UM@ dishgpassebl yhé0, pWokh the the
primary difference belng t he shape_of the_pips and the

loc%ﬁﬁ%ﬁlQﬁ1?ﬂet9%P%1ps OR%r%pggéE+?§%gy;ymOﬁgp@gngssembly 240

incRRREDhY144Qections 242a and 242b that are substantially
identical to one another, and include tapered or conical pips
260", 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
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.

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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i ncl udes nold sections 242a and 242b that are
substantially identical to one another, and include
wo agaededr coni cal pips 260" , in that the pipCRE82006/031078
has a first end secured directly to the nold section
body 242a and a second end extending |ongitudinally
fromthe first end, and a cross-section at the first
enthé s JANGRIr AN & HRPTsIeAbin0NMa Obeneﬁﬁpdéi‘fed to the
second end. Mol ding assenbly 340 includes nol ‘
caviiett oEse B4Ry and@wEn tivae lar viiizdEht Ry and riser, or
i [ one , .and _incl.yd apered.or
the SERLLFR:, B3RS Lo oPo st e oo B0t Fovar egacuun and
the f umbhemeiknwardlactafd t hentowit ea perxdriher al gedge R 1Qfmerizable
the npl d section 342a. One of the advantages of the
COMpRF 4t HP asSdbP§ 346SPenEsat IS f ER8I ecil@avef tafs shaped
he s ' 3 s.a ' r regi bov
o T e T e e P B o fe. orhe mold
sectihazt ef Plat md yvhdren 48 Theepovyoer bz avinereonpostition smyh as a

11 PP L0 ENGGRY L T, O SRR ORSL oo o

- can | gb@edussd hekdri ncphagetundens¥acudicand akhe gBBRNOMRErmeable,

“injected into a port. The £olynerizable conposi tion _
coneeiit hnadi shetsede bniat ¢héatonehvanyehBPrsnapallredgne device

and ml).hg %f%cgel&%iiréglsa AP? Ietg éwpi{%éléftmgle-wgf&&ﬂﬂoq fused as

section 42b may be supp nonomer m xt ure
dessuidtedse hissvhecendelpdnogel THeor po hgmet Xt alp Be ocompysition is
nononer 'xtureﬁéggt can be used for contact |ens

pol it 368 gak pir hERBFe MeeBRETbrT FYGTOGEF Fat SLLARyiolet

1igid 8ny dHaHmant abheel ens deviseerandet headml sectdigRs as is
42a and 42b then wel ded or fused as descri bed
know) sewHetre #Hdrein. The pol yneri zabl e conposition is

) el h
PSR R ITS S HI S SRRy concact
lendengih etcbirmences witknonmthar t hepact. oAnotiher invention is

nol di ng assenbly useful for manufacturing cgontact
ShoWQﬁﬁ%%g¥%fi¥08Fdéﬁ%% Wt RE&Rot'HEY aspebidof Fehetnd in cross

secﬂﬂaﬁﬁm}pnFié.' 9b. Unless stated otherwise herein, mold
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 158a and
158b respectively, having a convex male molding surface and a
substantially opposing concave female molding surface. Each
mold section 152a and 152b includes a flange region 16la and
l6lb circumscribing the optic region 158a and 158b
respectively.

The primary difference between mold assembly 140 and mold
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

29



10

15

20

25

30

shown generally at 140 in plan viewin Fig. 9a and in
cross section in Fig. 9b. Unless stated ot herw se
waheoogiom76mol d assenbly 140 is substantially t hRCHERBOEB31078
or identical to nold assenbly 40. Like nold assenbly
40, nold assenbly 140 conprises two "universal" nold
secLions 152a and 152b. Each nold section 152a and
152b i ncl.ude opt i i gn,.158a 158 :
of mpdEp sty Tk hy eeSR, ARt R o s paten
of mdlsubsi@antdral 1 y2lpposihgceeneavepheral eapaitdilgrations such
surface. Each nold section 152a ag% %52b i ncl udes a
as  $hewge ¢ugi 8aAsheda BMPSl61h cItunsd)i bRfig THEDpLic Welded
: i 0 58 %%kil eSReGi el V; ri ecti .
reglgﬁgfe?gébe%ﬁét e%ﬁﬁ%{d asgg#éfyefggngﬁg #gﬁg ééct?%n L65b
Refe4@ing tdmt wahlvemnsaligwl BBsedihconge 1dod aagtispp, 171 along

. ncludes substanti al | noul [, i tudi I .
proI BREafh i oF Bt PORCTREC N P SO TR (hof nar hsiigton or
weld@hgd plurigbity fgispaced7apapt phes Hhidhs showrelthag are

‘annul ar- proj ection 165bof nold section 152b is fused
defipeth ky pertfefcoPortange refgi BRODPCHDPE décPi gt iippcontact

i_n, di t rd . | i . b .
o SDIE BB MPIRMARIL) FAULERLBERSS SIoM( Dorcion
of thel fiAleong suhstantlidld ywanhd arthprojrectd osedebin 152a. The

Referring as Il to Fig. 9B, the | ded portions 171
fusegioﬁ%gb?%feéﬂﬁgnaﬁ%SQr§%§r§EH§fd?%%gbgn?eg%%%% ofontact
asseR®1fusi on g yefdidgaoTheseckedienshle/3dokchotéusicfions of

or wel ding are defined b%@surface portions of

fusipnoj ecffhen ABBRwhi ehsehtrctl‘orof adevBee at® Ast shown and
descbﬁ%ggjéfseﬁhggéagégggﬂan1 {J@ﬁgpgogdéﬁéfyaﬂﬁ§ structure

ange region he "ot her section 152a. The
(shoM@S&@sﬁﬁ@ﬂ@ﬁﬁé@?inaE&gpretenably made by using the
contact assenbly 14 of device to create, the .
diC8Er 198 Fddiorisi P Fru S forf Wég c%%%%l@ef%s%%nbwuiﬁr%?ed in

rrc.devige, 18 igEhowss and rdesori bednebgembet ¢ hekeifeatures of
having the castellated structure (shown nost clearly

the mpld @sdanbly O speri Firel kscanpt etlof ahottnersendl §I16. 94
andiéﬁiégégggwﬂﬁ% if%gions 171 (indicated in daéhed lines) are
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
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
assembly formation. 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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FIG 10A and FIG 10B. In this enbodi nent, the
features of the nold assenbly 140 are simlar to the
weredodzrtent of FIG 9A and 9B except that regi POEUSH6/031078
(indicated in dashed lines) are gaps or regions that
are not wel ded or fused, and regions 173 are wel ded.
In this enbodi nent, the flange surface conprises an
agnpul | . 165 Gircuggcenibi ng | ens 5Hﬁ¥% ,
cggit@i%éé%§ﬁ?%pggﬁh§u?g§césothﬁg%?Iaﬁge. e%ﬁbmg%th the
uppetushacacef, thel |angeheofipanges afplthealfiitnstofmold section.
recesses /171 extendjng into,the flange regi on. Wen a
The FLEERSRBIE QUTET FET ST BF AcRUt BRS AN LECGRATHYI G Sectd bie® the
firsthediesc sty bace of riihe {bande HeddiRy finssd BBLEion. The
section Is in contact with the upper surface of the
fusiannfarthé dgwe Tied carsrdiaions dge hesiricongtasiogsackingd the
of the lens cups prior to d S ly fo i on _
LensgGFRnG Ol bLERGTy 61 RAt Pon L Tna At et EHige Ty ™"

contahseuef f etidivel y ¢@duceepr bghiingeal tiigrensa f ocomngntional
material, such_ as the nononer conposition, during,the
ultrpgprAci oSN t RaVABPd 355%H%P§?%ElEﬂ%yasﬁ%ﬁﬁaﬁor31%5%1 end

surtdBePl A0RA IdL CONLALL1 Mhbhs t PEYPREL rBULHACE NSUEN A5 can be
the'flange, of the tirst nold Section. The ultrasonic
achikoed desiner s uldasasdiiatednenyrasdntausescrtheafi rgisclosed

norolBL 0 356 S50, 485, hocLbesecad gl Sed oy M€ riace

r e e 0O

contd nuous

or i oud dheultens €HP ebpt BarFhasgefr egiconriafgd hendmiwclude a
section. This noncontinuous fusion can be achijeved

portisingfa tdenvaritdiomdga 13%asoH cf kN By nngtude a portion
of tﬁgbﬁ%ﬁg&l@hb%n@fa@%% qH%bg[ end surface, such as a

confi nuous g ultrasoni'c horn, or can be achieved
ugiheg dd scasitalnated iddircas arfi cHworii ras bbbl ssetion to the

herein. The fusion can _occur on.the quter edge.of the :
secoPgis i ST LR BECUPTON (e A1 R Ate T T Fe T 1 AgbaTive
to &hdeinehide asporidion gbséher puber LUge, 291 ridiel fussemblies
may i nclude a portion of the inner edge of the ridge.

thatThewl szoaphhbbususudivedonf nihw fa¥eEn@doiiesdeiisofiy  For

exan&q%, fuéing the present mold sections having recesses
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
each other such that the mold sections are not easily
separated during further manufacturing steps.

Furthermore, as discussed herein, in embodiments which do
not utilize ultrasonic energy to attach one mold section to
another mold section, the fusion zone or contact region can be
continuous around the lens cup. For example, 1f a first mold
section engages a second mold section by an interference 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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second nol d section can provide substantial benefits

relative to other types of nold assenblies, such as
worelodoassEnbl i es that have a continuous fusi onPCT/IE2006/031078

around the lens cup. For exanple, fusing the present

nol d sections having recesses |ocated in a flange

surface using an ultrasonic horn can be achieved wth

sectidhd e dfe anrtonacdd i cad | QuciPi tdime: oy bybhls or other
formng in the lens cup. Even though the fusion of the
clampn ol Ee@s ondheay chatdicsconedhtBussan hebe wa niodit inuous
Lons are securely fixed to each other such that
Str?ﬁgﬁ%ﬁld sections are not easily separated during
f urtherngranofvactor imgy.st eps. thy t beesene, asvéehstossathrther
herein, in enbodi nents which do not utilize ultrasonic .
ProgHitYy o WRIEATBRe T dugeétionf Yo RAGVAEANGD| Y monomeric

comS&SEE 8h, theudwisi 98 zgne 0f ; cgRtach yHeghen CQ%P@e precursor
continuous around the lens cup. For exanple, If a
maté¢riat, nbhd asectioncendgages shagwcbndevbtd odctd onobyaah lens

Lnterferen fi et we the two nold sections, the .
mo iy acatssc:eén%) e §1g0nti ﬁﬂb s SCONP& ggaﬁon.Sh%ﬁ)?ﬁjl art\ity 1S
prefdrdbey fd redncide seepndsApbEseety 0P§ areaatbaehe@ci@on such

each other by plates or_other clanping devices, the .
as gescadPefegdith SaPWhe glesrberaole e ucior acCaidangy with

othd¥PW 59%5&95 1L¢ thcﬁheprqué‘éeﬂ?Ve%b@HtE%Eh?r St will be
provi des an apparatus 5 useful for providing a
appranonerd ¢ Wonposigpagtsuctblds aasi | iadowe tpedr agellized for
| ens precursor material,.in a ﬁontact | ens shaped fact 1
orot g 5 Mor e TN i R St G gpatact lens
mol& e Beds | ens shaped cavity is preferably a concave

-l ens shaped cavity of a nold section such 10 as _ .
deSed | BRECBAEUShowd eIearek by hePBPH1FASactcofdapeesing unit

520 WD TaniorLs Ol REoPEesgl L AUSDLED MY W by poense
an drooumpt ovf dangoaomemo mempeaidsint icrtd ca cooneattohahs shaped
sur aocnetag% laenrsnngll dsggjc:}_/gg,. and a syringe assembly 530 for
directing the monomer composition to the dispensing unit 520.
The syringe assembly 530 is 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.

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
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 syringe assembly 530
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1.5 The apparatus 510 generally conprises a di spensing
unit 520 having a dispense tip 522 sized and

wareogoeursed to di spense an anount of a nonomer PCT/US2006/031078
conposition onto a contact |ens shaped surface of a
nol d section, and a syringe assenbly 530 for directing
t he nononer conposition to the dispensing unit 520. 0O

holddie sHHitngesassently 53 dnedi beabbk1€qupl €94t they non-uyv
di spensing unit 520 as shown, for exanple by neans of

blo¢king ngs B3N+ tassIBE6 negn coppri seedn whbbw jtbent monomer
or simlar coupler structured.t acilitate coupling
Com%%sdl%ln%%a?ﬁllnr% o RHie esof/ rih gneOtagJ s\é rFtﬁayc fromthe
dispensi fg uBkt theReod, TheediSpENS 0 b H2058BYis filled
. conprise a pneunatically operated di aphragmvalve. In
withy gg@cilf“i’%o%%%nﬁloélpo_tsﬁélWri%@él%s%}ﬁ)l pis8encotiR i 46s in 2
ful%z b%rs%'rtééo_ﬁ:ﬂé’i@i&d SEon 5dd.t ”%%rtéﬁsEPérq{H}:[t FOE air is
spensing light-initiated nononmers, for exanple, In
trappeterinotBephbadued s140.conBhhydyadelgel erssesybliyhe530 and cap

syringe assenbly 530 is preferably a UV bl ocki ng .qr,
548 £ {A%r F17G Sy ingEs 1BFOBRGpI Uia I adelipry tion from
con ¥ Gtk thl ckisy apaut 1 9586t and0@KeUM inadi afi®nal14d €P6m taking
. enbodinent, the barrel 540 of syringe assenbly .

1n &S0kt ds &bbar SBeckastedpiddiverlsc di oh Gd@. SA8 1s then

pladl@-dy bl ockl f'yﬁ(g.g.e A58 0P y5&@”i@elggﬁgg/""ﬂ%”th@ebarrel
- nmonomner conposi tTon bei ng di spenséed IS no
usimeast Ankr Rrdak mechisel drher Bhé, ftilideslyrsngengessesbeybly 530
530 is filled wth the nmononmer conposition while the
can %rb 554%‘?%5‘3%1”531‘%%% iSHd&GIBFSosition in order to

ensur @ 4 hakpBeraht | shhtapped inbAdgebard@lpRddictheis not
syringe assenbly 530 and cap 548 are designed to
cont@iestt WithE ndhon®rricenpbsi thoimd r dseentsad nanton te mold

ticle i.ke,_ and_al t aki ' . .
ool 80 AOMNS LT PLTR 8, O BLbRSgbyging o e
findlhenoptaeed lomd hprbancel 540t The capibdBles dloeketbre, to

to the barrel using a luer |lock nechanism The filled
PUrgs, e eMaReBRbI FOBROSEAACEned Be SITHRIE uni§ing t nfgrogen or

othd@QUhELE. gas in order to exclude oxygen from the monomer
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 aboﬁt 4° C and
about 36° C. In certain embodiments, the monomer mixture can
be 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 225C.

In a specific example, the apparatﬁs 510 comprises a "EED
CLT valve dispensing unit, and having Part No. 752V-CLT-E, and
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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It is inportant that the nononmer conposition is not
contacted with air prior to being dispensed into the
worelod/oagsenbl y, as contact with air coul d causeCT/US2006/031078
bubbl es/voids in the final contact |ens product. It is
desirable therefore, to purge the nononer conposition,
for exanple, using nitrogen or other inert gas in
syrifdier barexciude opgen thgmy lfgecaﬂm@g%g Cl@asrposmo% Both
pri or to the conp05|t|on bei ng deposited into the
varisgtriiawmge asserV y BBROckithe fand edhayei ngeeassembl ylusr lock

' atts{oreg in a water cooled jacket effective to keep the

" conmposition at a desired tenperature of
betrwegn ghautr 4 Exangiabowthe36dCspehBecairtial N520 holds an
enbodi nents, the nononer m xture can be kept at a
amoms@ﬁnfﬂpapm?rcmmlﬁl@?pe?lafm@le%@cﬁoaénaﬂ?ﬁ)n@bo‘lt three
for t t
rLg{ﬂ#or exanp B%P?ﬁ%&e océgggéaégo%?{&%ﬂatg%ﬁly oy
mea@ﬁe@ffaere@mﬁﬁShréhelﬁepaﬁatus'Em@ daspenhseaga UrERD 520 is
CLT val ve di spensing unlt d having Part No.
W@ER?QJFP B 15 RE&is Witber g4syr|nge and pi ston set
g;rég:a%afé 590 ShI3LBRE aab%hv*ée'é‘&qiﬂ?@yi@i;t 85@d ¥ich is
EFD I nc East Providence, R 02914 USA. Suitable
trusgnpetents @D@th¥)VnkN¢abP@nf¢Gﬁﬁ§ covpany dalasdd one of,

ans PRGNS o8 Lo S1amhle, opl & bl ue.SOEEYT £9P5 ant ene

dlspéHSﬁ&jeﬁnﬁtGSQU bl orké ngadtid hawve rihe esarisd ues b@ekerably
attachnment . In specific exanmpl e, the dispense un
“uCQHH?Q?ﬂ%ﬁ?%ﬂ?%ﬁﬁﬁnﬁn%fPﬁﬁﬁBﬁ@Weéoﬁ&xﬁq%%ﬁP%ﬁﬁ??%lEHFClsely

opeﬁ()fﬁ?k%l@g%uHﬂhbr§§lQQQt@@tThﬁ95%$paggﬁu§|@@ger A2g5uitable

operates pneunatically by neans air pressure line
valﬁ%Zcoﬁheoﬁlspems1ngauhﬁteSZ@nﬁgrcdwwecn@ma()%ﬂ@o VALVEMATE

con R P s OBBLE e S0 Y2, 2 Y3kEpaciveny,

sep R tidBRe f@snBtol Bass Mg 16¢, pandipeef epabbynbebhling the
of , the syringe assenbly 530 and the dlspen5|ng unit
SYrismy apfen v e TOtd|dErsss \igr e -abl y

After the one or more increments of monomer composition

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 53Z2. When effectively
all the monomer composition 544 in the syringe barrel 540 has
been spent, the syringe assembly 530 is disconnected from the
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
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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m cr opr ocessor - based and progranmed to reliably and

preci sely open and cl ose the val ves of the apparatus
wG@7/0M78Ui t abl e val ve controller is marketed PCTER200616¢31078

nanme ' 7000 VALVEMATE Controller' and is available from

EFD, Inc. Alternatively, separate valve controllers

may be provided for controlling the syringe assenbly

. 530 di spense Uni 1. 520.; Afteesthe gne.or,nor
atr fﬁ%rgﬁgﬁtseggﬂﬁ%ﬁgn%btgo%ﬁéégtso%'have ﬁ%eﬁ*%?%%%ﬁ%%h takes
onlyt Ar @eghstbendsspensecbimpli28,. the dispense unit 520

draws nore nononer. conposition fromthe s

adSentARPHZ Whr oddh TRE A%oRPPBF A 53 Sifen as way, for.

exam?flfeﬁc%ye!ay Rdcitdie BBROMY, CQEPAY t +8Ra PA4 dthtlikRary with
yringe barrel 540 has been spent, the syringe
respassenbby &30n¢wing scoinert &6 r om t Bendeypenseayghying mold

5 and repl ace ith new. monqmer -£.i | | ed Al
oGRS Pood M 4 3, nom maner iL | e RYS 0gR or wne
entidlel ldgprBh2id hag1d eegisdt heheapmb48ngn teplef t3E8 may be

syringe assenbly 530 and renoving the cap 548. The
contgplilgge Pas s8FBM 330 -i s then sinply unscrewed fromthe

elrho jﬁﬁygégrtﬁészE%f%éﬁ?@ W Ls fAdb Sk SYEhBI®xample of a

asse wth a piston already in place, is
methoannett £l 1 ng he eldiow jaimitorcoampd efoBB2ngCap BAB) | gssembly

t hen pl.aced on the new syrin assenbl y and_ | ocked,
For FHGREIS Phm Tt inadtiy 10 1D 62 P = tangiover  T°°
folllbakes o Ypfodpaesepondsyt o acepambishonThe appareiasid not
510 may be nmounted in such as way, for exanple, by a
be dsmatkeredsée, ldaids the AaVent1ofatNoAAYy "Ath respect
tq a ' t ahl.e.,56 ey arryi | : _
agéeﬁ%$§égg%tﬁ%%gjglgmﬁ%rggg%iI %%S@Tﬁ%h?%ﬁ%?Pghiﬁaxg¥ Four
mold hes@tone apparminsst &hcantr dthe amoa Int nefsleendblgBingaymodule

be controlled_hy automation. In view of th i scl osure

to e eirratdve l&ﬁé_n@x Hﬁﬁiué o *a Sﬁfé¥ﬁ5‘d dgp Cfril‘lglei%n €& SmbI'd
sa¢ld b, sk fOr Mg 13 I8 do@sserdand 0&s peaEUEi N Bhe frame
contact |ens can be described as follows. The

assefglllyowilng Bsrpeburded by whirett exdifpl @dil y seghdons to  a
sur aQ%ylgfn%t plate. More specifically, the frame assembly
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 mold section at the same height or in
one plane, a robotic plate can be used to remove and transfer
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 sections. For example, the frame assembly can
comprise a plurality of spring loaded cylinders or pneumatic
controlled cylinders. The biasing member(s) urges the mold
sections through a hole 1in 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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be construed to limt the invention in any way. A
cassette which conprises eight stacks of sixty-four
wodod/osEs6ti ons is transferred froma nol di ng/ de@DURL06031078
nodul e to the present filling nodul e or system
descri bed herein. The cassette is placed on a frane
assenblg The frame assenbly is structured to direct
sections t rtac I
srandfe P BRELhOREn | AofloBh L8CBa0bnRep! Shbartbite conter of
an dxdClgmenbakl ylemyentdiel mekdtdensti 003 so £hat tHehe mold
upper nold section in each stack is | ocated

sectigbst ake| BFP§It RE BARESBFaA@dRSht 2t BETs Qe Ogcqed:htStréJCture
extezﬁgﬂlﬁt 8%9? tgf‘o RAmst PRLAnseeki @F athd helses® The bar

p ane, a robotic plate can be used to
functb@ﬁyeaand ttamsfar tiee muld sections, asPghtgge &oward the
In one enbodi nent, the frane assenbly i ncl udes
Plat%néuBFaﬁ%re bi asi ng menbers that are effective in

”RV'r%ottH% trackBo @t o®| BesREthoRBe Rovo ex@npl ef tfoer mold
frame assenbly can conprise a plurality of spring

sectioadedneyes ndRaiann pAdmaERE C86ROR0| PBUCEEFi nder sthat  the
extenshoﬁ %%ﬂgé%$nPgé %@1%&@3 Lhe W@f&ﬁeﬁﬁéo%%ﬁ€H§UBE the

e’ina I'n the 111 ust MedeMmdwmm t he
arrayvldzseﬁéb@ﬁSChauataoléxdemaammmnﬁﬁnwcqnp¥ﬁkﬁhaﬁdMQe mold

extendln radlal out ward fron1 he .| ens.,gav
SeCtéPﬁﬁanﬁ% %ﬁ% 6%? e i 9 3}|eﬁPe§ t%%%FéoFﬁ to @
nest§ﬁ$t%&®gréﬂh§”raﬁxOBeEQdeﬂﬂﬁiﬂEH@ seet inwId (2ext2ohs is
he nol d sections are urged or pressed agai nst a bar

passef dichethst dbepenaiest éﬁ@laﬁ@t@\?e FPogomefethe Alr 1is
usedho¥ @f theiﬁlat%g} ?’ %&%ﬁ%%hegﬂa agi 8pshon a§ﬁ:ﬁﬁhomer

ctVons are plate surface
compbehetbe mwnﬂ@cah@dcbebmﬁenhdmstmwwﬁmysoﬁfaf@midnﬂeptlon
secti ons anes bet ween t he extensi on nenber.s. so t.hat

The tHelene endi ol frefeSiass oFPBATEE &P TFomThe ® tusually

abougeabegLoEotg%oﬁﬁrQM nf pakohbggceateobhed vacuum
evice picks up the nold sections and transfers the
i Atevi deat noltd stbei ofislkesl amold section or sections is

moved to a station where a second unfilled mold section is
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 1s moved to a
welding station where an ultrasonic delivery device uses 40
kHz ultrasonic energy to fuse the two mold sections together.
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
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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nesting apparatus. A nest containing the nold sections

is passed to the dispensing apparatus described
whegogioz76Ai r is used to drive the syringe pistpPCI/asm06/031078

di spense a nonomer conposition in to the concave | ens

cavity of a nold section. The volune of the di spensed

nmononer conposition is usually about 20 nL to about 50

er | d section, .FThe,nest. with. fille | d
géégiongg?e%%ﬁ?gon§n?%(ﬁ%ged(¥%4a %%gﬁﬁgﬁ WthgDa or  more

idens@e0pdtuphi | bed ppicksept isaredss plsaced as tbp ofciameing an

. first filled nmold section, as_discussed herein, to

identpEird nBFEVASSENDPY cBbRtai PFhE AlPRNSIPRRREr sof the mold

sect?ghgtl ang..eTtx}l%t%%%lts ‘Ma&/ﬂ Aihe MRld Resesd i 85 dSrdmMeshection
0 'a welding station ere an ultrasonic delivery

stepdevi seclusess 4Ansdeatlitgasboirc &her gyulilpldfusént hehewgnonomer

nmol d . secti ons together. Duri th | di
comORRAGHER. REXPET EoeabE0r EhobLdoFPam CRe ol d BectrBRs
andcdirscaidedy thenpld meseqbsdesntlibaef usedaplar dipping

sections) "are then placed on a loading tray which has
or gopkacslingy éheholssrans adedhoRa® ke |BHS cui®f monomer

the, l.ens mol d assenljas.. The h r ffs
ComDpRRE B0 (AT DS oRRERa S TrboreoRe Rer necrrora b the
firsw tblenckeot her aonthéntngy theachohomyr capmpobdt266 in the
nol d assenblies. O her configurations are al so

lenspE¥Bi-bl e. The foregoi ng met hods can include one or nore

| geat iflGatdon Orq t 4 36khng; 85 epsn  sueh a% Ry SEAWHMG to a
an identifier provided on the extension nmenber of the ,
curingl d sestions. Whtreaet hbds el visolidelaide CORROGELION 18

nor e _inspection. _steps,. suc [NSp [ calr
pOlyBSEBESQ iﬁrihéxﬁﬁﬁgneﬁk%bngﬁgﬁgﬁg% pr opg%é§%b£%ngt%ﬁ mold
asse®b0sirg tbhe 1rehd iseeti anghtThe foregoi ng nmet hods may

c25ha Lol APRUELT oR"A FHEHG Ssorteh | CBRPGSRABI pTEFRE o
nay LEE| 00 ecRerond L ossects on oy 4he Sfastomial vl
refecgpce to the following commonly owned United States Patent
Applications, filed on even date herewitﬁ, the disclosure of
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
"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.
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 Lens Package", and having
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The tray of nold assenblies can then be transferred to
a curing station where the pol ynerizabl e conposition
WO g00pokyeeri zed or cured, for exanpl e by expospPemyusive6/031078

nol d assenblies to ultraviolet light. Certain aspects

and advant ages of the present invention nmay be nore

clearly understood and/or appreciated with reference

to the. f | owi co Iy .0 Uni at P t
attogBSY; c 4P ?%ﬁg ﬁ%|ed%g%ﬂe¥gn“@§?% rmgégkéﬁL %ﬁh&fﬁé%&on No-
60/70d7$0b0s uren toft Jeat h" obmpbs £hibss beinty Methopsr doed Producing

herein in its entirety by this speC|f|c ref erence:

Slllgose Prcr ofisgl iRt NoSna97 2002898 hagrtid |3 orney docket

g&@% Lensq Moy ds, an9a§¥§£en§pﬁfﬁc§/€£89dsmor 11/201, 409,
Produci ng Same", and having attorney docket No.

enti4124; "9ySteRet entd Apptheads i 6nrNErotlciog, 6”11:411%& tiedrogel

ns _and Met.hods . for oduci n act Len from
contgChol SHEPEsabrECCORTISR: Poro Tt SHa RaY FHg Bt Or ady
dackgtmor f 41261 1Ua®1ioRat eahd Appltiedts omaNe been cited
11/ 201, 410, entitled "Systens and_Methods for Renovin

ng
hereiaabeyef r orbaehs ofbltde  CHrRA havPhycatt erRegidodiadtents are
a i gqt 63,
norely i P 4hREr e pOrL ek 0Bk oat Lo BAr SEr ot Systams
and tMeubads oérRemhoceggeﬁgrEbdldsembedlmheteln hawdd been

havi ng att or ney, docket : 4128; S, . Pat.e .
oS CAGHFRLAIA 0 Mo, L4 17 500 8GE TG 110 * BB AL Spgn i3 not
llml%@‘akagﬁereéed Hayi nged 1 or by slockein dNova-1412%nsU. Bould be

Pat ent Application No. 60/707,029, entitled
ev1de@@n¢@sﬁtp@ﬁ§0@n@fw@ﬁﬁé@§rﬁoﬁkPﬂéd&@lﬁ&eSﬁFﬁcone

Hydrogel Contact Lenses”, and having attorney docket

No. D-4153P; and U.S. Pat ent Appl i cation No.

11/ 201, 409, entitled "Systens and Methods for

Produci ng Silicone Hydrogel Contact Lenses", and

havi ng attorney docket No. D-4154. A nunber of

publ i cati ons and patents have been cited herei nabove.

Each of the cited publications and patents are hereby

i ncorporated by reference in their entireties.

. Al'though certain preferred enbodi nents have been
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descri bed herein, it is understood that the invention
is not limted thereto and nodifications and

wQ a007ai7ens woul d be evident to a person of orPECTES3006/031078
skill in the art.Wat is claimed is : 1 . A nethod of
maki ng a contact |ens conprising: providing first and
second nol d sections, each nold section including a

WhatIens zhageg surface and.a fl ange region circynscribing
S~ surface; providing a polynerizable
conmposition on the I ens shaped surface of one of the
nmol d sections coupling together the first and second

mbtd Beveibad 86 BakinNghe GONHASECLPORSCHRPThR1AIF ens

sha Ity weenth d siud aces of 1
o?rsﬁgd%§¥d g%%%%on%g%ndg%%gﬁﬁeﬁgﬁgﬁaped surface %ﬁ&h mod
sectibe difgrudivlgd sedkhen strapadestikéage reg on éflange region

. first mold section is in contact with the flange
ClrcP@@FéhbéthEEGS%%BﬁdSﬁﬁPagséﬁffﬁﬁ?;fusing t he goupled

ngk9v§8§5?0%5ﬂdlQHEF?%%HB@“&@&@%@f%f&Ei@h tusedens shaped
regi on befween the flange regi ons; and causing the

surfpokymér prabbé tbeposiei 8ACEACRAe | ens-shaped cavity to
gg£¥g§ﬁhéem§§ét-Q%E{E%h99r8£ gn 'géc rﬁbﬂdt@ s so

3
_ udes applying energy to the couple
thatf khst mand secendnaplkd fieet i=onsns Fhapke getiod lwftween the

claim2 wherein the energy is uItrfﬁonic ener

lensTREamecho 62 2 2 Rhérfei s HBO rE?CE%PHSgéQFﬁ&$e lens

shapEBC|sﬂg%§c@ RleUkall b hefr $RACEd ARAIdn reressed fegi@nsregion
extending longitudinally into the flange region. 5 .
of tTke fiietstiothodld sleaitinon vilserial rearHedt rsiithotlee sekdigm region

includes a substantially annul ar projection extending
of th8n§??889n59#§ ??SE%PHé flange region. 6 . The nethod

offughaigm Tnsherebiplide fmbst mMilabtsieeid onto  form a non-
circumferential fused region between the flange regions; and
causing the polymerizable composition in the iens—shaped
cavity 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 1is
ultrasonic energy.

4. The method of claim 1 wherein the first mold section
includes a plurality of spaced apart recessed regions
extending longitudinally into the flange region.

5. The method of claim 1 wherein the first mold section
includes a substantially annular projection extending
longitudinally from the flange region.‘

6. The method of claim 5 wherein the first mold section
includes a plurality of recessed regions extending
longitudinally into the flange region toward the substantially

annular projection.
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includes a plurality of recessed regions extending

longitudinally into the flange region toward the
waadsvartsT al | y annul ar projection.7 . The net hpdr/v$2006/031078

claiml wherein the first and second nold sections are

substantially identically configured. 8 . The nethod

of claim2 wherein the fusing step is conducted so

that the T1rsf and S%ﬁ%ﬂ%lﬁplQhé?%HEOQ§K§rfif§§egnd second
t oget her al ong contact regions of Interfacing flange
mold sssfatess and sobsbattidhly tihdernoitatly regrdnguird ng

d t b defi.ned, b he . [ .
B onoTBt HIR NS Fogiins?. WAL ohiacI GRS nBrEe i

cond@SSEALLY. tRQEPELSI BYratf hhat seRbedseehlidcordrviong are fused
ens shaped surface which is a negative of an anterior

togesief agkong gopbstér regisnsf ade ioftex fasingct lagwe SAhdaces,

a second | d section t ' ' '
and 36, ERRF ehord (PO 1 CPREIRS) draiite DOENY Sl apae by
gaps Sedfigedebng frsedetestbe fie¢giomdl dnsecheé o fat the flange

~non-circunferential fused region |located radially
regieg@gfward fromthe |l ens shaped surface . 10. The nold

agsenbl ¥ 0f £l ai 019 yheyekdsomb gy secbi@nss eagh include

a f!ange regiron conprising a substantially annul ar
proj echi diirsubshahdi aleloy ionr cuaretnd bienglete peaped surface
. Shaped surface, 11. The nol d assenb| | i 0 ;
whichineri A trh%gé_fifja\‘legeolfeg‘_f‘rbna gr?ﬁrlioéressafg%céést%fgné posterior
surfhegessed regtaptextapdi agdl ongitudinally into the -
flange region in a direction toward the substantjally,
annul ag pﬁ@F@@ﬁioﬁplﬂZ.Sﬁﬂi%ﬂﬂ(j%ﬁﬁﬁﬁﬁﬂﬁﬁQﬁlXﬂzﬁé%@ﬁgcally

struldPgreln the ol & sectjons coapibse ankl Wedldnky mf1d section

crrcunf erentially spaced apart recessed regions
beinbotated taditalel yfiousttwared of reemttine lagnsa sheipeet seuifrrential
fused region located radially outward from the lens shaped
surface.

10. The mold assembly of claim 9 wherein mold sections
each include a flange region comprising a substantially
annular projection substantially circumscribing the lens
shaped surface.

11. The mold assembly of claim 10 wherein the flange
region comprises at least one recessed region extending
longitudinally into the flange region in a direction toward
the substantially annular projection.

12. The mold assembly of claim 9 wherein the mold
sections comprise a plurality of circumferentially spaced
apart recessed regions located radially outward from the lens
shaped surface.

13. Apparatus wuseful in providing a polymerizable
composition in a lens-shaped cavity of a contact lens molding

assembly, the apparatus comprising:
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13. Apparatus useful in providing a polynerizable

conposition in a |l ens-shaped cavity of a contact |ens
woreldiozgeassenbl y, the apparatus conprising: a PCT/US2006/031078

di spensing unit having a dispense tip sized to

di spense an anmount of a polynerizable conposition to

at least a portion of a contact |ens nolding assenbly,

t he ,di spensi ng _unit,conpri Si eri.al ef td Ve
r dﬂ%FB ng%ggsapékopgyﬁggp§|§%g Fgg%lglgbﬁ§6%$$f%ﬂ:Q%$bense
an adbtinavbel gt pbightriaasyei cgepasseibhy tet ratc tierset teo portion

contain a quantity of the pol rj zabl e conposition .
of ando®rtagt cotphabiBO+SLAhd %ﬁ%%ﬁhi¥wne$h?c> }fRensing  unit

compghﬁgﬁgsEnq%#9é£iafn%fQ@ngv%fﬂﬁ?t&%%uEQnquyiﬁﬁéﬁﬂﬁ of the
pol ' yneri zabl e conposition to the dispensing unit when
polymeuptedl &octheodi spenstogulihiraviaket Theéghppar at us of

claim 13 which further conpris a fitting stru
afid Sé’d@iqqepn%ﬂs?%biéicisltirtuén{%élrceoup ?ng® ﬁg‘q&nc%u(élhg%g%y of
the $%oi9ﬁe§¥£é898 assepblyt anfl taed dilseengi ngownidold5.to and
e apparatus of claim 14 wherein the fitting

uncovphpbieedram etlowdsrapeaieenddit, ®d Thelagp&idessive to

of, _cl.ai m 1: ei e ' 2SS | oMol . .
PrOVRUET Gl Lol Gt a D, SR et beurcd Shd pasrtreied ntt
whent @obpleavabl ehwi thspehbénpannet. 17. The apparatus of

claim 16 wherein the barrel,conprises.a _materi al . :

eﬁﬁectﬂﬁ?t%PHﬂ?ﬁﬂP%H%gpﬁiﬁﬁﬁeggfwﬁﬁFPan%t oL G tses @
fitt1ify TS RARAAL Usn@f pelsaitAmoheawhes eEact hethaer @oupling and

I'ncl udes a hol | ow space having a volume in a range of
uncoabdlng20fctheossbonge200senblyganthehgpfaFrrengipp unit.

clai m 13 f urther i sing ant kgl y e

oggrativ ¢% 5%%5?%%“?% fﬁg é?ggghs?%g ﬁ%%?g?gndthe Fitting

comp&&éé@taheélbeﬁeehhpeh dbagensing of the pol ynerizable
conposition through the dispense tip. 20. The .
appar at uSDdf %@Eﬁ?ﬁﬁﬁ?\MﬂﬁWﬂéﬁaﬂﬂb &gspgﬁgFﬁén the syringe

assembly comprises a hollow barrel, and a piston structured
and positioned to be movable within the barrel.

17. The apparatus of c¢laim 16 wherein the Dbarrel
comprises a material effective to Dblock the passage of
ultraviolet light.

18. The apparatus of claim 16 wherein thé barrel
includes a hollow space having a volume in a range of about 20
cc to about 200 cc.

19. The apparatus of claim 13 further comprising a
control assembly operatively coupled to the dispensing unit,
and structured to control dispensing of the polymerizable
composition through the dispense tip. »

20. The apparatus of claim 13 wherein the dispensing
unit includes a diaphragm valve.

21. The apparatus of claim 13, further comprising a

temperature regulator effective in maintaining the
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unit includes a diaphragmvalve. 21. The apparatus of
claim 13, further conprising a tenperature regul ator

wetdogoei7ge i n mai ntai ni ng thepol yneri zabl e conpOBUS10061031078
at a tenperature between about 20 OC and about 25 0C .

polymerizable composition at a temperature between about 20°C

and about 25°C.
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