WD 2004/ 054772 PCT/ EP2003/014337 -1 System and nethod for curing polyneric

nol dings FIELD OF THE | NVENTI ON The present invention relates generally to

the fields of manufacturing and nmaterials processing, and nore particularly
to a syst ¢ip fsh hod for nolding and curing polynmerig¢c articles including

contact |enses. BACKGROUND OF THE | NVENTI ON Contact | eRSHEPRPHYA 7 ocul ar

| enses, surgical inplants, and a varietty of other itens are manufactured by
casting a dose of uncured prepolymer in a nold and curing the prepol yner.

For exanple, U S. Patent No. 5,508, 317 discloses materials and manufacturing

pr ocesseg;:s@#._\iahgmeqhggﬁrgﬁrggigi!@&rigmoy@[si c contact |enses and other itens.
One mann T ial inthe nmold Is to include a
photo-initiator in the material, which initiates crosslinking upon exposure
to light of an_a roeriate wavel ength. By casting the material in a nold

t hat traﬁEErFRQFFF'EHN, ENSIQMeric crosslinking may be initiated through the
nol d. For exanple, it is known to cast | enses between glass or quartz nolds

shaped tg the intended Finensions of the |lens. Polyneric crosslinking is
i ni tiat ed"BPresKPIVEAECR 1Blates geReraly ta the figlds of mgmyfagtyring andenelefizldnagnet i ¢
radi at i oprogessingy an@Merefdtiduldriyasn apas Xﬂd RAEbLEMSIING andRAHhg f8Pheric

nanometersi) thrtaaﬁ'h t he guartz nol ds. chromum mask 'is applied to the
quartz RBFES GGG RNBSSERRFS: of | ght through portions of the mold where
crosslinking is not desired, the transition between nmasked and unmasked
portions of the nold defining an edge of the Ilens. A collimtor or aperture
in the sleeve or bushing housing the quartz nold collimates the U/ light to
nmor e pr e BASKGROIMND OF THEINVENTIONape. Cured | enses can be inspected in the
nolds by illumnation with infrared |light. The manufacture of quartz nolds
and the application of a chrom ummask to nolds, however, has proven to be
rel ati vetCyntagtperses istraoclil4r lenses csusgical imgplarits, amddi variery,of biher item®xresi on of an

SEen ocPyh OB Ak L DiededBlPol il Sug bl BT e o
duri ng t Rer ak@mPRO YD FhiEHR NeCT.6ER2 004504563 3raterials and manufacturing processes

suitable for producing polymeric contact lenses and other items. One manner of curing the

polymeric material in the mold is to include a photo-initiator in the material, which initiates

crosslinking upon exposure to light of an appropriate wavelength. By casting the material in

a mold that transmits light, polymeric crosslinking may be initiated through the mold.

For example, it is known to cast lenses between glass or quartz molds shaped to the
intended dimensions of the lens. Polymeric crosslinking is initiated by exposure to ultraviolet
(UV) light {i.e., electromagnetic radiation having wavelength from about 4 nanometers to
about 380 nanometers) through the quartz molds. A chromium mask is applied to the quariz
mold to block passage of light through portions of the mold where crosslinking is not desired,
the transition between masked and unmasked portions of the mold defining an edge of the
lens. A collimator or aperture in the sleeve or bushing housing the quartz mold collimates
the UV light to more precisely define the lens shape. Cured lenses ¢an be inspected in the
molds by ilumination with infrared light.

The manufacture of quartz molds and the application of a chromium mask to molds,
however, has proven to be relatively expensive and time consuming. In addition, the
provision of an aperture in the sleeve housing of a mold and the use of a chromium mask

has been found to permit an undesirable degree of light spreading and reflection during the



-2 curing step, potentially resulting in curing under nmasked portions of the
nol d and the production of out-of-tolerance itens. Thus, it can be seen
t hat needs exist for an inproved systemand nethod for curing polyneric
noldings. It is to the provision of inproved systens and net hods neeting

this andwo fwindaensds that the present invention Is prj i irected.
SUWARY OF THE I NVENTION Briefly described, exanple enggﬁlﬂr)rié)ﬁ:f/@dg t he

present invention provide inproved systens and nmethods for casting and
curing polymeric noldings. In one aspect, the invention is a nolding system
including first and second nold conponents. At |east one of the first and

second malithgosiem poRtislyreaitigah yringniducaasi@d Yrinhs of Bk indk Ri @i al . In
anot her aspect otfgﬁtéciaf%lenti on is a nold conponent for casting and curing a

pol yner i ®O%HEtsR, PENEBHPTRent preferably includes a UV-absorptive
material that is generally transparent to infrared energy. In yet another

aspect, I tion LL.s.a | di systemincluding a first nold conponent
havi ng a%”ﬂ&éﬁ@ ﬁisggri' t/h%t B%‘?%i%ﬁp%ﬁax PWE&%EH?N@%&B?*%‘F fog G¥NGundi ng at
| east a polymesmmokingsht is toathe piovisionef paproveaisystéhe apy siabdeededingleliy al so
i ncl udes 0 C [ S] a UV-absorptive material that
i's generg ?éﬁgfg%g%agﬁrfe %gﬁﬂ‘k?‘@gngﬁ@a@?d'ﬁ?t@é-fi rst and second nold

conponents are preferably engageable to define a nold cavity. In yet another
aspect, the invention is a nethod of formng a polyneric nolding. The

met hod preferably includes engaging a first nold conponent and a second nold
conponenSUMMARN OFTHEINMENTIONVi t y. The first nold conponent preferably

i ncludes a UV-transm ssive portion and the second nold conponent preferably
i ncludes a UV-absorptive material. The nethod preferably further includes
deposi t i Byefly deseribedi examiiopyphedimaats of thalpresientinvertine provide impmved yysteenposi ng
at | east I r i NAY t he UV-
transm s?ﬁ‘x’x@%@?ﬁl’&%&%&gﬁ]’g cﬁ ﬁﬁ%‘%?ﬁ@% rielht(:% n%ﬁ%&éﬁ%?&%%g}? ection of
UV ener gynoldingsyatemt ineluging drst and sgcong melssepmponeits.oft leagtione of theriesstgnd upon t he

UV- absor ptd i lnel . 2004/ 054772
PCT/ Epzo(e)%ogi@%m'%”eﬁfs prét8rabfAcRitfbs T PabTRAR Fitkerial O

In another aspect, the invention is a mold component for casting and curing a polymeric
item. The mold component preferably includes a UV-absorptive material that is generally
transparent to infrared energy.

In yet another aspect, the invention is a molding system including a first mold component
having a UV-transmissive portion and a UV-blocking collar surrounding at least a portion of
the transmissive portion. The system preferably also includes a second mold component -
comprising a UV-absorptive material that is generally transparent to infrared energy. The
first and second mold components are preferably engageable to define a mold cavity.

In yet another aspect, the invention is a method of forming a polymeric molding. The
method preferably includes engaging a first mold component and a second mold component
to define a mold cavity. The first mold component preferably includes a UV-transmissive
portion and the second mold component preferably includes a UV-absorptive material. The
method preferably further includes depositing a dose of prepolymer material within the mold
cavity, exposing at least a portion of the prepolymer material to UV energy through the UV-
transmissive portion of the first mold component, and reducing reflection of UV energy within
the mold cavity by absorption of incident energy upon the UV-absorptive material of the
second mold component.



-3 These and ot her aspects, features and advantages of the invention will be
understood with reference to the drawing figures and detail ed description
herein, and will be realized by neans of the various el enents and

conbi nat i 3%868—&%@9 larly pointed out in the appended clainms, BRI EF

DESCRI PTI W NGS Figure 1 shows an expl oded Pﬁ@f@é@é@m@ view of a
femal e nol d conponent, according to an gexanple formof the present
invention. Figure 2 shows an expl oded cross-sectional view of the fenale

nol d conponent of Fig. 1. Figure 3 shows an assenbl ed cross-sectional view
of the f ne, of Fi e 4 an expl oded

per spect ﬁ\?@g%?ﬁ(ﬂ)tg?%)s% fg fecf @5‘%35?{3?995 og d?‘fﬂ"ﬁ b&rP“dé%E??Sl"ﬂthform of
t he pr esaaferdnog &nthe drawifg figures &&MMdms@ipMmlﬁh?dmpamBﬁm%@%éi@é@ib vi ew of

1 T B ORARESY oS o By SRR e o0

| NVENTI O‘QIGITH% present invention may be understood nore readily by reference
to the following detailed description of the Invention taken in connection
with the accorrpanyi ng drawi ng figures, which forma part of this

di scl osure. is to be understood that this invention is not limted to
the specig 'EF%\SW!ON% ons, or paraneters described and/or
shown herern Ee term nol ogy used herein Is for the pur pose of

descri bing particular enbodi nents by way of exanple only. In addition, as

used in tﬁf@rép@,ﬁév@é m&*megggt}gﬁ@bm vremﬁof%r% Gl l‘?ﬁjcf!&l:@rhﬂ&en g&@hgww forms

a, ‘an, “1ncl l'ural ura or ns si ngul ar,
and ref eﬁé%@eﬁwfﬂﬁ? Preémta'FVeﬁtFPf’erl cal vaI ue includes at |east that
particul ar value, unless the context clearly dictates otherw se. Wen
val ues are exgr essed as a proxi mations, by WO 2004/ 054772 PCT/ EP2003/ 014337
-4 use of IQUfR odeg (GHFE: %C*wasbﬂqyk?fr%a% temale geld gpemponget of Fig- hi | | be

under st ood t hat the partl cul ar value fornms anot her enbodi nent. Furthernore,
any net hqgs istcrl bed herein are not intended to be [imted to the sequence

of steps "f¥EE BRYF H1 asseqblageressrsertiqnalyiew pithg famaale mold component of Fig. 1.

Figure 4 shows an exploded perspective view of a male mold component, according to an
example form of the present invention.

Figure 5 shows an exploded cross-sectional view of the male mold component of Fig. 4.

Figure 6 an assembled cross-sectional view of the male mold component of Fig. 4.

DETAILED DESCRIPTION OF THE INVENTION

The present invention may be understood more readily by reference to the following detailed
description of the invention taken in connection with the accompanying drawing figures,
which form a part of this disclosure. It is to be understood that this invention is not limited to
the specific devices, methods, conditions, or parameters described and/or shown herein, and
that the terminology used herein is for the purpose of describing particular embodiments by
way of example only. In addition, as used in the specification inciuding the appended claims,
the singular forms “a,” “an,” and “the” include the plural, plural forms include the singular,
and reference to a particular numerical value includes at least that particular value, unless
the context clearly dictates otherwise. When values are expressed as approximations, by



sequences, unless expressly stated otherwi se herein. It is also to be
understood that certain elenents and features of the system and net hod
descri bed herein have utility separately and in various sub-conbinations,

wi t hout ref@tRpeQ7H0 the other elenments and features | hed, and t hat
the present invention includes the described el enents gﬁ@&@ﬁ%’%ﬁ%’% of the

system and net hod separately as well adg-in their various conbinations and
sub- conbi nations. Figures 1-3 show a nold conponent 10 of a nol ding system
according to an exanple enbodi ment of the present invention. The nold

conponenyselé iy th@ée@@hb"as&if}? Pam;rﬁatew%rcthmes Hmuﬁseeur% ét&?}d"ﬁa@thé emal e ol d

profile 12 hV|n si ze and shape suitable formn esired

mol di ng. Py m%ﬁﬁ'@“ﬁéﬁ@%d%md F;'s'fta?rm%e f@ymﬁﬁ'mqs%c@eg@ﬁ@araamy

ci rcul ar neonemisd w a@ ﬁﬁlﬁed @'thé eécmeﬁae & szép%td%@énde%ﬁt eaH B’é Bdtried H& nrmhgl ng

surface of the nol % %Adl preferably f In a %enera

di sc- shapttfeBHst wHe%‘re"B gy sigie qgewe heéﬁ'%'ﬁ{j‘ a'??a'ememnﬁgr diaEertain

f abri cat clemen®iaho thatFbs ofttib %@merﬂ!‘bnﬁ hﬁtf&fd&hb&rlbéﬂmfélﬁ ﬁ@ve&xhh@%@ﬁé:@{e‘lyy

transparent. or trang_CUCﬁnt mat erj al . .nost neric nmaterial.
|

In an eXAHBIMEIQURFY prationss WithqU ref a'egqﬁtgér&%otﬁgr %{g'@%tg aegé‘?aé‘frfa% copol yner
(COO), sdeorilei, aimmagma@nrwehymérman inghepihe Wesaribea lelimintdandfebyteng and
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nmount ed comiomedioesnd of a housing or sleeve 16, forned of a substantially
rigid material such as for exanple brass, A glass plate 18 is preferably
nounted in the other end of the sleeve 16, and secured in place by an Oring
20 and aRgureb d+d shom a mokiicogponentd 022a mididing eysismnacaording earcexkfipiept i onal |y

h
cornr AR RSAL o 8, 15 A Bl OB AgTEL BB o o rer
pr ef er abingldingisuffacst defiog ademaleundld arofilepi2dwying miaeTankaiaps s@@Bledor ot her

i t abl e;po r I - ti
mat er 1 PR VR deStoolle T FBHIE he omaid RBLEHAH £ cShbiel A rBRIL e
advant ag@@u@r cenwaye regpesfenfosming aresniactens mpidingt iToa nniding awréaseof thermald t hi n
the ol degrapnbdt 19fis b%féraa??orﬁée%{,eewa@ oﬁseesnaﬁémﬁ@n% ak@h@%ﬂwg, whi ch

coul d result In curin 'n unin re I ons of the nold
cavity, BingnmRghinipg péwaerrfah@caéon mminaheléw&mwefeahw eWTRriseB8Ul ts nmay be

obt ai nedgerfefdlly 8% AdHRY Mt ok RARLcBNtTRRABAAI! hostPreferably a polymeric material. in an
example embodiment, the molding surface is a cyclic-olefin copolymer (COC), such as the
generally clear amorphous copolymer of ethylene and norbornene sold under the tradename
Topas®, by Ticona GmbH of Frankfurt, Germany and Summit, New Jersey. The button or
panel 14 is optionally mounted in one end of a housing or sleeve 16, formed of a
substantially rigid material such as for example brass. A glass plate 18 is preferably
mounted in the other end of the slseve 16, and secured in place by an O-ring 20 and an
aluminum retainer ring 22. The housing or sleeve 16 optionally comprises mounting features
for installation within a mold housing or other external carrier.

The molding surface element 14 of the mold component 10 is preferably manufactured as a
unitary piece from Topas® COC or other suitable polymer(s) or other material(s),
impregnated with a UV-absorptive material. The inclusion of a UV-absorptive material has
"~ been found to be advantageous, as it prevents or reduces reflection or transmission within
the mold cavity of UV light used to cure the polymer of the molding, which could result in
curing of the polymer in unintended regions of the mold cavity, potentially rendering a
molding defective. Suitable results may be obtained, for example, using a Topas® COC



WO 2004/ 054772 PCT/ EP2003/ 014337 -5 grade 8007-SI O nmaterial wth a blue
filler for WV blocking. A suitable UV-absorptive filler material is TSP
Bl ue No. OWb1620034, obtained from C ariant Masterbatches of Mittenz,

Swit zerl oisgh, i s preferably mxed in about a 1:33, the cl ear
Topas(r) 4’ UV- absorptive material preferably alqu((?)']i\/\lris2 |)r,18|t1$rsg7red (IR
transm’ttance through the nold conponént, to facilitate IR illum nation for

i nspection of the noldings through the nold. The nol ding surface el enent 14
of the nold conponent 10 is preferably machined froma rod or extruded
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finish q transmttance, suc exanpl e
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a maski ng, g/ {d Qﬁre‘i‘étaﬁlpgtsté%@ih?ne%ﬁ% d?tﬂb%w@éé&bét?sﬁﬂg \r%hclzjé@) A

pol ymer formng t n exanpl e enbodi nent o sking portion
44 conpr i29end $TOTINGPW retjper: COO mi xed with a UV-bl ocker, such as a
carbon black filler, in about a 50:1 ratio. The nmasking portion 44 prevents
transm ssion of curing ener%dlcto t he under!lyi ng pol grrer within the nold

cavity, tFiousesedrEshow arethey Meid cABPARED &8 ol #xaple enbedimenialf e melding her eby
nore  pregislof trdaqireéten fnkentRAI Mo cdntpbnamlw mgfefatwwhda@a@atranérhgstwt erface
of the m?a%ﬁ%ﬂ 4%n\ghich al ogvssrgagss.altg\{aeofmnﬁt or odlkner energy used to cure the polymer used

to form the molding. The transmissive portion 42 is preferably fabricated from an optically

clear material that is durable against wear, temperature and electromagnetic energy, has

good surface finish qualities, and has good IR and UV transmittance, such as for example

Topas® COC grade 8007-S10. The mold component 40 preferably further comprises a

masking portion 44 that blocks UV or other energy used to cure the polymer forming the

molding. An example embodiment of the masking portion 44 comprises 8007-S10 Topas®

COC mixed with a UV-blocker, such as a carbon black filler, in about a 50:1 ratio. The

masking portion 44 prevents transmission of curing energy to the underlying polymer within

the mold cavity, to prevent curing in the masked portions of the mold, and thereby more

precisely define the edge of the molding formed beneath the interface of the masked and

transmissive (unmasked) portions.

In the example embodiment depicted in Figs. 4-6, the masking portion comprises a coflar 44
‘having an inner diameter adapted to fit in close engagement with the generally circular disc-
shaped transmissive portion 42. The masking collar 44 preferably has a thickness ¢ of at
least about 1000 times the wavelength of the energy used to cure the moidings. For
example, for UV curing energy having a wavelength of about 300 nanometers, the collar



In the exanpl e enbodi ment depicted in Figs. 4-6, the masking portion
conprises a collar 44 -having an inner dianeter adapted to fit in close
engagenment with the generally circular disc- shaped transm ssive portion 42.

The maski {@ o@ddsas2 44 preferably has a thickness t of %/Eﬂ:%ﬁ)hﬁpom 1000
times the wavel ength of the energy used to cure the noldings. For exanple,

for UV curing energy having a wavel engfh of about 300 nanoneters, the collar
WO 2004/ 054772 PCT/ EP2003/ 014337 -6 preferably has a thickness of at | east
about 0.3 mm More preferably, the masking collar 44 has a thickness of at
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portion assists the curing process ssive portion 42 is
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fabricate e maskin froma as(r) ng or “extrusion

i mpr eg naﬁ@cﬁ%hpwnaThR/ma!ﬂ r@@l;@é;}eevqm@) Wﬁgakﬂ%h%’élal taperpd W 5“ geen 8B Mat r esenbl e
a washer Q618 1HeQugRg ploces¥. t h @ center hole for receiving the clear

transm ssive portion. The back surface of the transm ssive portion 42 is
cut or machined, for exanple using a dianond |athe or turning center, to

optical trabeasdsissive ﬁrﬁbri 4za|awf§@bw¢ami@atbu GBm cﬁeaﬁ’ MepaPCOO e bhsxtraaiph er

opening of the nm The 42
t Ee br gs§ togk, B0 &n meq-ﬂ'@ oa rough blank. A sumllar macﬁmmgopp cgéecsg is appli ecF to%tﬁ'?c%teed into

the masking colfar 44 from a Topas® COC molding or extrusion impregnated with a UV-
blocker. The masking collar blanks generally resemble a washer or a doughnut, with a
center hole for recelving the clear transmissive portion. The back surface of the
transmissive portion 42 is cut or machined, for example using a diamond lathe or turning
center, to optical tolerances. The transmissive portion is pressed into the center opening of
the masking collar. The mask 44 and optics 42 are pressed into the brass sleeve 50. The
outer mask 44 preferably rests on the sleeve 50 and holds the optics in place. The back
optical surface preferably does not touch the slesve 50. Once the sleeve 50, mask 44 and
optics 42 have been assembled, the front surface optics are finished on the diamond turning
center. A surface on the sleeve 50 is preferably used for setup in production as the tooling
reference for the front surface optics. The mask and optics preferably are machined
smooth, appearing as a single continuous piece when the final optics are cut on the front
surface. The finished surface consists of the mask and optics and is optical quality. After
the optics are finished, the quartz window 52 is installed on the bottom of the brass sleeve
50, along with the o-ring 54 and the window retainer 56.
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outer mask 44 preferably rests on the sleeve 50 and holds the optics in

pl ace. The back optical surface preferably does not touch the sleeve 50.
Once the sleeve 50, nask 44 and optics 42 have been assenbl ed, the front
surface ophk) m@#@n i ni shed on the dianond turning center. A surface on the
sl eeve 50 |s% bly used for setup in production asPGIAEP20036M43A7
reference for the front surface optics.,The mask and optics preferably are
machi ned snooth, appearing as a S|ngle conti nuous pi ece when the final
optics are cut on the front surface. The finished surface consists of the

mask and ,optics. nd| I.C allty After the optics are finished, the
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absorptive material prevents or reduces unwanted reflection in the mold chamber, and the
molding irregularities potentially caused thereby. After curing, the molding is optionally
inspected in the mold cavity to identify any defects. For example, the molding is illuminated
by IR light, indicated by direction arrow 72, through the mold component 10 and inspected
using a charge-coupled device (CCD) camera and software-implemented inspection
algorithms. The molds are opened and the moldings de-molded for further inspection,
processing and/or packaging.

While the invention has been described with reference to preferred and example
embodiments, it will be understood by those skilled in the art that a variety of modifications,
additions and deletions are within the scope of the invention, as defined by the following

claims.
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said UV-absorptive material comprises a female mold profile.

3. A mold component for casting and curing a polymeric item, said mold component
comprising a cyclic-olefin copolymer impregnated with a UV-blocking filler.

4, The mold component of Claim 3, wherein said copolymer comprises a female
moeld profile.
5. The mold component of claim 3, wherein said copolymer is mounted within a

bushing sleeve.

6. A molding system comprising:

a first mold component comprising a generally circular disc-shaped UV-transmissive
portion and a masking collar having an inner diameter adapted to fit in close engagement
with the transmissive portion, wherein said transmissive portion is made from an optically
clear material and allows passage of curing energy therethrough, and wherein the
masking collar is made from a material comprising a UV-blocker and substantially blocks
passage of curing energy therethrough, wherein said masking collar comprises a
polymeric material impregnated with carbon black filler, wherein the masking collar
generaily resembles a washer or a doughnut, with a center hole for receiving the
transmissive portion, wherein the transmission portion is pressed into the center opening

of the masking collar and the masking collar is mounted within a bushing sleeve; and
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bushing sl eeve. 6. A nolding syste? conprising: a first nold conponent
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maski ng col |l ar having an inner dianeter adapted to fit in close engagenent
with the transm ssive portion, wherein said transm ssive portion is made
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