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I\/D_DS W TH 'PROTECTI VE COATI NGS FOR PRODUCTI ON OF CONTACT L _,A OTHER
OPHTHALM C PRODUCTS Technical Field This invention is di rei\igﬁ} %proved
| ens nmol ds for the production of contact |enses, intraocul and

ot her opMMe 738 products. In particular, the invention i nﬁéTves prot ective
coatings for allow ng for the use of m)ld mat eri al.s having i nproved

di mensi onal stability and/or increased |ight transparencn‘mmwﬁ‘mnl\mﬂﬂm| on is
al so directed to a nethod of meking the inproved | ens no use

I n the manufacture of contact |enses. Background The nol ds usedss+ n the
manuf acture of soft (hydrogel) contact | enses have been nmade froma variety

of rigid thernop t}ﬁﬁf 10 to Lust
et I al tand 5, 674I ﬁw&bﬁwmﬁ %ﬂgﬁiﬂ f@n@tﬁ& h‘eqé N(ﬁ%iﬂ@

pol ystyrene, poly ﬁ g poI ynmers of
pol ystyrene w’thé@% d Qﬁ‘pﬁd m@fjg%ﬁ ﬁﬁgﬁm

pol ymet hyl met hacryl ate, pol HM ate, polyam des such
as nylons, polyesters, polyo 63* A IiPwmg pol ypr opyl ene and
copolyners t her eof onacetal resins, polyacrylethers ol yaryl et her

sul f ones, a‘ﬁﬁPWSﬂ%‘G@l fluorinated mat eri al g su%:/h as fl uolroi 'ngt eé et hyl ene
propyl ene copol yiey gvaftibrih Brb@Bed ip0al fRalls §RAL proEHolRof dmtast ene
"is preferred by man et al because It does not crysP lize and has | ow
shrinkage. ighges; tittdoeulapkenses| and Shétadphttalrhic. pradegsl Iﬁmmxlaathleoanret al,

di scl oses, for the processing of fI uor05| |cone copol émers I nt 0.ext ended

wear | enseglvol*ftﬂSdEOtFﬁfmaﬁﬁgspf@F pliowipg fernthe usrpimpldmatarals haying impraved,,

I
gl ass. O AL DA NG ds BBl el ObaRpEeALe il ekl 031 qcl‘%ﬁ?%ct
| enses have, §inftRyesfatakiig the imprévediTBrsdfiolds &l their use in the man_ufacture of

contact lenses.

Background

The molds used in the manufacture of soft (hydrogel) contact lenses have been
made from a variety of rigid thermoplastic resins. For example, US Patent No.
5,540,410 to Lust et al and 5,674,557 to Widman et al. disclose mold halves made from
polysty'réne, polyvinyl chloride, polyethylene, polypropylene, copolymers of polystyrene
with acrylonitrile and/or butadiene, acrylates such as polymethyl methacrylate,
polyacrylontrile, polycarbonate, polyamides such as nylons, polyesters, polyolefins such
as polyethylene, polypropylene and copolymers thereof, polyacetal resins,
polyacrylethers, polyarylether sulfones, and various fluorinated materials such as
fluorinated ethylene propylene copolymers and ethylene fluoroethylene copolymers.
Polystyrene is preferred by Widman et al because it does not crystallize and has low
shﬁnkage. An earlier patent, US Patent No. 4,661,573 to Ratkowski et al, discloses, for
the processing of fluorosilicone copolymers into extended wear lenses, molds formed of
polypropylene, polyethylene, nylon, Teflon®, glass, or aluminum having its mold

* surfaces coated with Teflon® polymer.
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+rake the lenses are sufficiently inexpensive, it is nore economcal to
di scard the nolds after production of the lenses fromthe nolds than it is
to clean the nolds to be reused. Polypropylene is a good eggnpt® 2083 an

i nexpensj jn that has been used to make nolds that ca ' rded at
m ni mal @c/)(g?o.r’%%?ot her advantage of pol ypropylene is that U%F?Ejesqhé% 5
resins, polypropht easufaamrere of soft contactdensevhava discovbredthatdfithesmolsde dsédtorak e
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pol ypropyl ene 'l ens nolds also surfer from severa nown di sadvantages. One
di sadvant aBelypsoppteny i o pydderansplé of ai inerpsnsivewesih miei hhoObedn wedbd tdaky¥. As
menti oned by Wdman et al, polypropylene partly crystallizes during cooling
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! t ' . . _ Cor et it
i ronsi onal IR AR RS RS o S RS B b e nee i e

t hi cker. Hawey 8ie.cotbiict Rnbdi qiﬁ%*abﬂﬂ&Y@fé&ﬁY&l%ﬁﬁciﬁhﬁ?acﬁ@ﬂ Rg@&g g%@?én@rand.

stability, they also require additional cooling tinme. T itronal tinme
needed to theohold Hrom hdheriag toshchsottercandasimplifiéscthein séparatodn fobloddng feas can be
made per machine per unit of time. Furthernore, thicker and therefore

| arger pol §9EBfHA%ne nolds can linit the nunber of nolds per machine,

t her eby reducin . ObRbdver H | sne. serel atively
poor di nensi onapegilgkg#?let%/e%ﬁgﬁ ts &nértl’ °2@‘hg¥lﬁ’gﬂ§?{£f“§?‘ysbag%aﬂf;f%"‘ ?‘r?g'% nol ds
may need t seveml khowndisadiamnsgess Oneldivadpaitageds polyptipyleheSreBitivelVIBRKS 1N
sone cases, and many pol ypropyl ene nolds -fail to maintain di nensional :
stabi ity eimensionakstability. degymentianedibycWidmanset ), podyntependipartly efystallizes | ens

duct i 1 it i ng..r el atd . di i | bility,
oty pr opy Sl @8k R [ HAY blfis) SieRlralPoubiBO0F ithkRRE (R Biefouies Vo
that reducgsconbellingadifi#hsishQRhAiges a@bf injebyibh ﬁﬁhhi_ng. 78 liprARYdif1RRsiBhAIOVS

only about ten percent of light to pass through i Poor 1ight transm ssion
reduces t h#takilite thapfastironswan meke polypEemtl¢nsrlons molds thickérs dotveéven wiiiloxygen
by the nol ds,, commonl y. experienced wth polyptopylene nolds, 2.. 0,7 OCT
208 WO Obﬂ%"é%@%‘%’&%ﬁf‘l@%_ YA S cthey Albarrayre i\ﬁﬁ_&mﬁhe
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affected, and ens surface quality can suffer as a result. Severa '

al t er nat i vef mekistisat@hf be npxle peemachine peri writdf tirhe bFhriieymers] thickdrtand

transm ttance than pol ypropyl ene. For instance, polycarbonate and
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Al t hough pdineaiohanailsligrigmpohyntfcamingyeed, tecaiseahe gokRimLy fddaspeonal

stability and |i %ht transmttance, they are vulnerable to chem cal
i nt eract i optofadthsiens asepdanpssiods 9f up o peviesal yesks in sometqases, padgwsy (f or

exanpl e, N_vinylpyrrol i N, N- di hyl.achykam de,. used .in n

 convent | onBrYERY IR %%ﬁés)@)tgQ’?ﬂﬂ%‘ﬁ%’h@f“ﬁ%&?éﬁ‘%@%"ﬁ&x Oy timg o & desieg fa
nononer s aggenhidly réfiderSMefPurR ToFRHS frodiietidriens and the nold to adhere to
each other and, in a worst case scenario, the lens and the nold can becone
per manent | y j oi ireedditibm teohvaying retativelyi paoo dirhensieiah stability; potypodmyléne ledseni cal
i nteraction i ns e pore expensive fh propyl ene and

clear r [ an_ pol
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Pat ent. Mo, 4 g5 Typal ifiprophe SN AGH BRRIE S STieR AR miblin

m neral oi fit. Xeoalighttttansmidsivh rpduces thee speedlofLpotpmetititions Fusthermere)ythet he

rel ease of the contact lens fromthe plastic nmplds, US Patent No. 5,690,865
di scl oses APSOFRHARYGfAXYRen BY theiBelds, coyamenly Gxpengncodhwith podyniprylengyaolsis| s

i ncludi ng a pol yethyl ene wax having a nol ecul ar wei ght of 5,000 to 200, 000
or a silicone polymer having a nol ecul ar wei ght of 2,000 to 100, 000. US
Patent No. 5,639,510 to Kindt-Larsen discloses a surface-applied surfactant
inthe formof a uniformlayer or very thin filmor coating to assist in
the rel ease fromeach other of nold conponents of a nufti-part nold

enpl oyed




»in the nolding of hydrophilic contact |enses. Polyneric surfactants that
can be used include pol yoxyet hyl ene sorbitan nono-ol eates which are applied
to a non-optical surface of the nold, but do not cover the prcircah surface
of the mold. US Patent No. '5,674,557 to Wdnman et al discloses hydrophilic
cont act - aygoge3gds that are transiently nodified with a r eHEV/HSN0ES805

surfactant to provide a | er .3 WG | e.
Thi & ot GtaiEERedeswafily, sFgh 5t s b Sshefidftusty A G ha gloidng, o
al discl Osgﬁgﬁ@ﬁ&% Ralpeserbatiesd Rhdiktageditpoimearfer as a gesalter nar y

ou

anmoni um ¢ nds that can be applied to the nold surface by swathing,
spraying, or di Spveral altetretiveresins offfsr grestardimensionabsiakility agshigtat i on EP 0
3b2 137 A, discloses the coat|n f molds with - i ilic
ol ymer |1 keSO pUEPEHBPY Eenogy et PoNCarBoiit BRER A ARt ..
in order t ' : r (ffayolTRIE! [ 4R thag pbRAsopyldne. nol d
coati ng co%rgB %;é'}xggeesgﬁv\aﬁﬂ t8 hﬁ?ﬁgggeéﬁés%r@%zu}ridg@er?ﬁ%g%ﬁopd. SPmHParplyy,

Merill, inpiSehairembseNmd odhét101eaB3resith gelertiytransmitianteastiid% and afien morex nol d

wi th pol yvinyl pyrrolidone to forma coating that is later to cone into
cont act wi thand/0% eflights| y crosslinked silicone lens. Merill teaches:

spreadi ng a coat} sol ution over the r Il | RirRertdibHRK stabiliey €Y
achieving a fai ﬁ%ﬁﬁPBtyﬁ?@(ﬂﬁeﬁBEBPlyEQgégrgéwsﬁgﬂeg%l%%%sqng? én I ?1% 1, ?%f ter
whi ch the wgg 1igh! rishifddceVBdy b lllierbile fonshigiracah atteragticpwith tisd moremerayer  of
about 1 to 5 tRousandths of an inch. Finall monongeric N-vinyl pyrrolidone

i s di ssol vasded in thiey sxfacdntapt lenses/(fonexample, Nevinylpyrolidenesndi cone | ens. As
ol i ¢ R R B TR et IOy tonpbBecElenttsy  EpOGIEE RS Pel "
ranst o r cquErecfiFi opAAE U bt loRgmefsint Bib 16h\RoTIB ofhy SRR HEdch R e
coat i ng t o rgolAye adidit td each@tier and, inBRvastEAGB4natics thedsnssansl the o sarf or

front  moul beRmE DA ERIo METIPY Ao B PE SR h Rledo ERURER. |
furt hor - copriRg pabAREaAdinsbekinle RSk A PoRftop i M4 (ReHYI0kY

pol yneri zakbg cofiBntoadigRasdir € thereof to polynerization-initiating radiation,

wherein at | east one of said nmould halves is transgtar ent_to hsai d radiation;
4 AVENDED SHEET Molds for malgngzofzoptastiemsenhave besh freated fo affect their surface -

pol ymeri sation-i.nitiatin adjation, i r - i : | i nal
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paral | el toysad ghi@Xind nfhBiaPbil 5s HAKLVE fo plhstismold biripokieibhs fodinipotd the e

pol ynmerisation of said conposition, within at |east two _regions, of naximal
intensity afeteage sfihe cantiast lamdfroml the plastismoldha S Patent Mex 5:680.864 dipslosesan

regions of |esser intensity between each adjacent, pRall i [ t wo
regi ons anciarmal qeeldarigassragens e >?Fé",ax?ﬁhﬁqag%’r?“&Rgs’ilﬁ?lg%lg‘%ta}%% ' altfrltfw

radi at i on VRGe s HEG by dElN R STDORAD 200000 B siReshel potgitiér Habirgnsiblecslar
provi ding a soufce o eat To said polynerizable conposition in said .
cavity whi | eeight df 2,009 ts100,800.i §S PatenyNexH63%H 0t to KoindidLaraen dis¢losesr om sai d
source, said heat being sufficient. to pronpte.the propagati.on of I

pol yner i zat fusfrcsrapplied sarfaciant i g‘ﬁ P g %”%@AF#‘SEWS@H #blﬁ‘ ?fp%"r?ﬁgégo

pol yrreri zal L il {1 RicSRkace M SXALSHB0 AN HRUTERSS m%snww bfploy el

radi ation fr solrce while noving sald nould .asse elative to

sai d sour cejy fhe $361ding MDAl cdntdchnssyuPdlystesiosuffaciants tiat caobyiseddi nal
axis fromone end thereof to the other at a distance {_r m sai d SOUfce such

that said piicjdsrpalzyethylams serbitanmene-alsaiesich are2rplied IOAPYLPRYR ent to

when oal o noRFeden Bey: but G RolBBORE befth el BB T O SNG4

and at a second iy phihd 108 9,61854 BeSWidtadh i al disdlodes hydrvphilistdoatact-ehe when
said .mould assenbly, is adjacent said .regions of lesser intensity while
cont rol | i ngmdids that aredfansigitly modifirsnvitaenayedblg serprtanito RERYidesy oy Valsr t o
said conposition fromsaid source of heat so as to cause conpl ete
initiation of polynerization of said conpgsition and to cause said
conposition to polynerize into a body useful as a contact | ens.

US- A- 4957663 di scl oses a nethod of nmanufacturing conponents which conprise
a supporting nenber of glass or a synthetic resin whose surface is provided
at least partly with a synthetic resin coating | ayer having 4a AMENDED
SHEET




+ S- O 7 OCT 2D03 an accurately defined surface, in whi ch a curable l'i quid
nonomner corrp05|t| on is provided between an accurately defined surface of a
matrix and a surface of the , supporting nmenber, the conpg)s-s'l 8¢HLRMBs cured
.and the supporting menber -together with the cured synthetic resin |ayer
bonded thereto is renbved fromthe matrix, wherein a matrix i s used which
is the product of a nmethod conprising the steps of interposi ng a |l ayer of a
curabl e epoxy .resin between_an accurat el sur.f ce of nould and
the refract i \F¥naHF FoRteet Bgleq THF BEsgPyRd t?:’i?ﬂ‘iéég‘f‘? tl"?ée ‘g"‘g Cl R psfrgglggac%a, le curing

sai d epoxy. neREn &Ql dsdédened pSI@ﬁi&ﬁte@,Wd}oi)&Mfaﬂﬁtj}:s&rmtﬁmxyf romthe noul d,
the. matrix having. a |ayered, structure [1.Sl efo mof gl ass or
quartz which a&’t’““l%?‘i'g' °§?’§ r&h@?‘e“‘? ea(I,QE’)lnctd &qcm{)ﬁgur(f:aﬁr a’gfvé r % 6mposi ti on

has a skin ofdigitged epoxy synthetic resin the surface. of vvh| ch is

accurately define ti th d. surface
of the noul d fron&}b?\lpéﬁ”?ﬁlég ?‘?gatwggp%ma“ u?g %%&' E{ )élsglgle% g surface of
t he manuf act Lu’oaﬁg(bt)ﬂiﬁﬂﬂéﬂﬁ scd-&ad‘tdqehydmphihcpolgﬁerﬂlhepmxdwaléohdm whi ch t he

matri x was produced e, enb nt. t.he UL ¢ esin
conpri ses aptﬂPHYIF%%YR‘o”F ﬂgch@ﬂlcgﬁ HIgfy(IP gﬁg‘i‘%’g’mv,ﬁ’é g%'mqm%%é?ld rel ease
agent. US-A- 5&9&@:&6 tidiiasl tuﬁee;ﬁomcqah@dopaymm withthelgnsemateriatiingioearolli | m and/ or

ol owing. - m SRRt PRcheR b kel 68 PRNA e S RE GRS RNILTS o o

produced by f@itmdmgnralpyaﬁudoncreffd»racatuoatgngthat lﬁiaa:nd:’apmeaithenn@cm&ta filmon the

wor ki ng surfaces a | d o the
space bet V\eenprg‘g?\ﬁ{yrgmﬁ@geds Y ﬁeaggeggh'ep% gm{;%{‘ JS}“E%H S?ﬁ}e&%'n)noner

t herei n.. Formeildishile pdld hheh@aktmerelﬂ'fablemmaxﬂy hmfoandaiaémgphevwér d coat film
can be carri e&oOUtdthl%§f (a:nol%h Ege[r \Vhl%Il th%vﬁ 19 S8R @Qldwkqghnqhanlﬁsy acuum
deposi tion of nic su ance uch as si |con and netal” oXides. Wen
the anti-refl ﬁcﬂqungp.yénolfnboanwocﬁrmduls@dﬂlap@nmht Fipgllynmpronfege Nagnyby coati ng of
a hard coat sol ut l&gaﬁg ogne rel ease
agent is appl PEY '9°n° shcassg%ﬁ ﬁ‘%ﬁ"'ﬁ’c‘%ﬁ@ @HEE@M{%}&S@J&; OCT- 2003 surfaces
of the noul dsethgrexampie, &8 Pappm‘% 5iF79,:943 tcknma gtel. digelptes F@“Ph%m%f”k‘?’ﬁg surf aces

of the noul dsy,q, Q@Maﬁfaé}&d&}%y&xlnamna?q&&a&ma@mmaﬁgheﬁa@xd@m&m i's applied
to the releaseaent | a IS an obj ect of our stemtﬁ]ﬁrovldethe

manuf act ur er Qﬂnmthcmﬁ’s“amliﬂﬁﬁm HH‘TSFFQF%%}‘%}F S| Spyiass ®&&F on or in
the eye with ggy {0 QY @flverBehe EtinERb 6l hjdipRilic Bympr ovi di ng mol ds with greater
l'ight transparency or dinensional stability which can be stored for an

extended period Oppld REsYH | GisafOUCUAT BRickks PRI RORiAL NG IddftaRReMErga

resi stance of the hol a vari ety of nononmers used in mak |a&g
opht hal mi ¢ awbinptisiag proNiding @ntrionlst assemifly romariging gefrentemoeldh e"=‘"d a

economi cal |y %ﬁﬁﬁ%bgyw‘m’“ﬁ eﬁng—‘E?%e%%Q\% RERPLEbn ANfleM¥pE\YPR be

achi eved in are dis SI ngl e use. Summary of the
| nvention ' Gize efyatemtactdens, ther mogkd gaviynfirter @Wlﬁwgp?cﬁ%féﬂqs\lt@"coatl ngs

for the pr Odgjgg 220 96 GO0k LHISPSs olmidtRstlealpbRSgBsudeiirasptotevi ces.

and ot her su ) ' '
polymerization-initiating radiation, wherein at least one of said mould halv§§ is

transparent to said radiation;
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. WO OO| 7673~ D 7 OCT 2003 PCT/ US00/ 15805 ophthalmc articles. CI ear resins
are not onl’ y nore anorphous and, therefore, nore dimensi onp e than
pol ypropyl.ene, but are also capabl e of transmtting a greate per nt age of
actinic light. Various clear resins are suitable for contact |ens nolding
purposes, including pol ysthdingch! %dré’@ dfpb@merl?@trﬁﬁﬁrﬁatm pPédfé’dﬂrf Ofid

pol yacryl at e/ pol ynet hacryl ate,” pol ycar bonate, and .po 39

Pol ycar bonat e, Spbﬂo?sh?‘ﬁ%@ [Qﬂgltldélﬂ?laé?“?l mrmttbellare@sw @fmd iradiatiphy

preferred. The St0f f YmaRehd '
transmttance; Q%Btgﬁlﬁ{r?:a tl? agve@gfﬁ\%rﬂéﬁﬁéﬁbgéﬁ ﬁgﬁ%'iﬂrfs Asl ‘9‘43%? Stively
i nexpensi ve. D@Qﬁlcte@t ﬁmmra@temlﬂgeesaé@smﬁ &lted:ompphrtlgm,ewnhrneat ledsewonol ds,

it | t th’
monomer <. weed” 18 3 HeEieE Aireh e, Bor®atat® M RS, 108} ThER s c
only been abl ermaxndelv\ealufps W tegionseaf lasaebdntendityddateeen escin ald;amntmbnlsoft hat

can effectivel I 1.0n nf ar una

exi sting clear -%ngs“e?se rﬁﬂ?%g én’édqge;eacpoo eiﬁéﬁs“?x\fe %55?383 %f"l %(%' i scard
after single-useid radramyvmdaemcbdtbiy bebmataitd:ma&mnélranﬂﬂesieklnﬂet&rtﬁzfs mononer
materials used in the manufacture of ophthalnmic articles. The present

Clear-rosin ol de.  RUMERRGLS el R BOyTRIRRHE Al e

(nontransient) cavitynwhrle saidf compositith” Sobreing) espesedr ot said iradiatioror fram saidoat.i ng

h f | f '
?Rertf egf su[ oag(rag\g/érc verdeat rr%eﬁ%#eéd}g%% carpﬁig‘ﬁ‘ﬁg é@ t%rﬁgag%f%[nha eﬁa'geveral

coating techni qpu&ymarzatrm‘apm’m etoofmimppisyi shrirkage af csaitli rmgmpoembudruwn
~evaporati on, and phot o- chem cal vapor deposition, the
preferred emo@%ﬁirg?“‘igbﬁ%\ﬁ.ﬂg’ a protective coating to the nold errpl oys
pl asma- enhanced chem cal vapor deposition (PECVD) or other plasma gl ow

di schar ge technr queSXPosifigceridrarYMALZRble Rempegition 4 cadiation lemfsaidnsource

cont i nuous, & ULl Phetid BSSemil) eiGRR to'Whid Sbirb% YR Glonh"®
opht hal m c artr , I's’essentila rneft or non-reactive wt he “I"efs
MoNoners or |eﬁdmelﬁqusit%amtrfmm|S§ld¥lgngrﬁdlnahaxrnéronbpde and mreyf to@hetdﬂmr
contrary, the (Ao} i on of
Tho 1ol o wi th Ehe Bafyes fof sfiselowtte shol il Bﬁrﬁ%‘mﬁe el &
article. A var ﬁépgsaslftmrﬁ@ratﬁmﬁeff el@auongmarfﬁtm*ymr@athnato said wmmat
prevent nonome t cas.
Suitabl e coati r%rgfg&ﬁrnr}tc@%d"efdsiré W%@néﬁgw %@g%ééﬁ;%ggéé% |tdesfa '%#d; o rides.
O these, Si Oxmaginghl intengityandiada sepgndHnitiaion mte Ierssnhmn:Fam first mlalm76738
PCT/ US00/ 15805 t ese
i norgani c coatr%éépﬁvdlgg' 'ﬂgaﬁo%é%%%%%n&@gg téa?djlrgd'&){s e%g%'l Yrﬁ%% can
have mi nor anowhile coftrelinpthe tate l6f aaid meaverhentfandnthe a‘mmmtcnirl’ieahsuppitadr ni ng
conpounds or p : t r'. are
preferred bec a&‘ggéigg 8@8?&@1@8#9% 4 tg gur?rggxg?nétlt&a%im%%%é @gmgfét

pr ot ect agai nstof msiyenasization e:faealdommpcmtm and 1ot hausersaish cah‘rpo’shra’n to
despite their i r i ght, can be used to prevent
nonomner- interagtrwr‘;ﬂr?f'1| E ?% %Js)éﬂrlrgftear%fé&%rs contact |enses, for

i nstance, can also be cured by sources of energy other than Irght (for
exanpl e, by heat orVY ﬁr&-ﬂaﬁmﬁgech@l@qps\maemthod reingansdactyring aompanenis
unnecessary fo %ﬂgﬁ, t r AN
or netal carbi gves su rrsé % @?% mﬂEgh&\’d%IQ%%to'r?ar%wﬁHE{b "i‘ésrﬁt\%rg%en be
used to pr ot ectsugged rssmrowdndnaérleaatmertycwiﬂma wnthetltcrresrnmutlnatlwerarhavrng

Mor eover, even when enploying light to cure a lens material, it may not be
essential that Irght be able to transmt through both femal e and nale nol d
parts since light is generally directed fromonly one side of the Iens

nol d: Therefore, in cases where light forsguring a lens or other article
only needs to be directed from onpgusNpeD saEgTM™terials with limted |ight.
transmttance can be applied only to the nold cavity surfaces through which
light transmi ssion is not essential. For exanple, by coating one nold part
with a lighttransnmtting coating material and the other with a coating

mat eri al having poor |ight transm ttance, nmanufacturers can produce a
clear-resin lens nold that is well suited for contact |ens production. |,

Al t hough a single coating can be used to protect the cavity surfaces of
mold parts, nultiple coatings forned fromdifferent materials can al so be
used. Even if nore costly to apply multiple coatings to the nold cavity
surfaces, the presence of nmultiple |layers may provi de enhanced protection
agai nst nononer interaction and may facilitate rel ease of a nolded article
fromthe nol d. For exarrple anywhere from one to frve Iayers or nore of an

o, v o I N 1 A D T R T



.07 O CcT 20D3 WO OOI 76738 PC T/ CTS00/ 15805 al so be used [L? d{gp&@ye rml d.
separation, prevent adhesi on, and achi eve preferenti al €
elimnating the risk of chem cal i-nteraction, manufacturers can nol d
contact |enses or other hal m ¢ products using clear-resin nolds with
i mproved di neas aocwrlat%x@@ff) nedtsprfapel inwhish a eABIRiliauidreenomer easuresitiame

application of 3 caghiadvddh &#%F&S}hfé f&é(ﬂn%H s%\-\‘éf:é‘%fﬁ rfidfx 2ng a6aeP! i sh

preferenti al r systemsinplifies and econom zes
| ens product i oh thwy srupplmtmggneuibdr cthel eompcbsmn incheessang thepswphacting

ol yner zat i oferhaoRonRr oEI Kl S RES IR el sORAES derelo i

under st ood by rareéwdeirem theomatrix, Sol e Figure in conbination with the
following detailed description of the invention. Drawing FIG 1 (Sole

O o, SR At BT P Feliro i

with an applied pr oat’l ng ac e present 1nv
Det ai | ed Desctheptsiaps Af tifitermisingha layeerdfi ancurablapppéxyalésin tetwien nan di ng of

a variety of ophthal m, r.od | ace

i ntraoc u?/ar I @E%Eé&yc%??ﬂnggtsuﬁéﬁig Lﬁ? 8@?3\ %@ay@ %b? ﬁgﬁaﬁéﬁm

-?gent s, andI Ejbentbbﬂ'ﬂ]gg saidektefabewevmecnurmg salspepo)qd te,slmkeﬁm?rdadedadtaimt ageous
or cast nolding soft. or ont a en of ex

therefore, t h@“g AFERYING A ny’fjr %‘H“aﬁ% 5‘??“@%(5 aﬁn‘ Bg‘é?ila 8‘@88 ﬁi@%ﬁ? di ng of

a contact |engnd Rﬁfrﬁcﬁrfsinmat prefdrfa of glaissr erpqeamz\tvmlch/catrméchresswnéfeyuts -'

accerdi ng to the ention is sh Wi asse i ncl udes

posteri or ?’T‘Fg Cafag’ tfa???iT'e'nﬁPa‘P(?%N?? Dﬁfe]al SKiRg° Sl?luf%% SRXY whi ch

forms the pOSEth@!’c fasfrf meeamfacérwwmctrdsohdceme)lydaﬂnemam isothenméghtﬁehaw ng

curace of net W aserpia pefnalt itince REtik, ALIE RerbEn R A WR6 o) dea

surface of th@
froma clear pasjueed rarﬁinwhegeaﬂha)sumedbhmeappaummsed \dhmpohératsniel the

sections are assenbl Idcwt f.or med t he t defi.ni ng
surfaces thatT F?Qéglﬁﬂoi'l t\ﬁgdnag%wgs& \é\g F’h@?e ?@ﬁgd 81 ded
therein. Becau%alavaﬂ@mrre@epbiy msrroédrapnsescanhm fayer of $I0¢ whiidh Bpfichalip
oon6~3s PCT/ US00/ 15805 du g of the lens nold parts during
product i on, tﬁBmEH?%ﬁ?HP”FJeWgeWIag)eﬂgrt 6 is often configured to include a
mononer overflow reservoir 9. In general, notded | enses are formed by

deposi ting a curabU8-A5G868R6 disbloass a piastigniens havihg anbardmsat ilvd/amd/aracr omer:

cavity and r oaBlriecElS i sidRal dHefed 1 Rafhnd Aol drBbalsien Yoibugc ;¢
é Qfa: ng g?n Inilmgyst:)?)lljc!:r?es; aracic. |sqnm;ndadi Io'l’im piastlchlems can tvei prodsiced byt he

di scl osed, f(r)r? mmpgnﬁrﬁﬁe%ﬂﬂg’l rﬁfla ngysogllégﬁier X E{ @Lf MHH@%AE@@%

Appl et on et I alr?fol,a pair ef mg;ﬁtpponag @dmbyomef tqdd dretoi thelslpacezrlulcairtlweelarys.anfitaggra
W th e prescindehe g 48R 08 ahuhdthe SRhoRer i, " RTATD

sections havi eg tnemmeﬂ@dtmﬁgn@lnsandlomtbemadda:opt lfhalcawbefca‘i'mﬂuomtstqctl ons

havi ng concave Id| aces aII ported

on frames) ar &8 %Q:Ioggae % kfg %“@%"%?BQWWBPV@W |

Patent No. 5, 3fifsthmted sudhuas sdtcoalandamﬂtdﬂ%x%senWhun thd , ivliarefi@dtingofilbrar sen.
and/or the hard coat film is formed by coating of a hard coat solution, a hard

coat solution containing at least one release agent is applied to the working
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+In the enbqdi ment- of FIG 1, the nold assenbly 5 for nolding soft
(hydrogel) contact |enses uses clear-resin nolds 5 with treated cavity
surfaces 2, 3 to prevent nononer chemcal interaction. AQJEQE%iaﬁ d above,
clear resins are nore anor phous and nore di nensionally stable 't
crystalline resinfecesTaf thesmoeldspbe] @t Apphpie e, r ar O US .cl ear
resin that has_suffici (—‘iﬁt di rﬁnsi Bn%l sﬁibi 1 ty.éwl)_a[??t tit%aﬁhgngllo&"%gdny
devi ati ons froft19ES HiBAFUYIIH @ fardagoat srlusipmicentgining sormeledse aagentiig hi n t
20 microns up applisdxo tehmsaldgent e r production, preferably for any
period fromone day to six nonths after their production, while the nolds

are at 'room t enper Atk bjeht 3Bl ¥ystROY brodie e mbshrRAl: b QabQedd2d fide " €at er
di rensional stability, clear resins can also transmt a greater percentage

of actinic |i RPPERETAEHFIes plgesdien ot ig thesus Vigh a3pmpiatphwep komplé tems brance, we
prefer to use paoveahega\ﬁommmrwgrsamngrﬁaalsﬁme)swd;mﬁgipxla@ﬁﬂmeQ,?-{s)cgt tinic light
energy, preferably at |east 50%of the actinic light enmtte romthe |ight
source, in theRELE ggextended pesiof ahtime e, coryrptiy catiraining the yhemicall cur i ng.
However, the pessaed ofitR\RMsit®Rvdristyd@hotdnithstused if R i gﬁﬁdﬂﬁh@&ﬁ&&?cesses
enpl oyi ng curlng b% I'ight energy, and the nolds describe erein can be
desi gned, by wH\® SFbisstionsf wold propertiticambn ccanomipriby ashiexed by usei ofihe prasenthi ch case
li ght transni Ssiedtion], Sndy ERAGE hehieVBIh kR thathre diRarfed IR Zé?:glﬁ?c ) 001 7673%
PCT/ USO0/ 15805 There are many cl ear resins that are suitable Tor nolding
soft | enses, including: polyvinyl chloride (PVC), polycarbonate, '
pol ystyrene, - sumtasy 6f the DebMiwl f One, and pol yacryl at e/ pol ynet hacryl ate. Of
these, we prefer tQ use either polycarbonate, polystyrene, or ' '

pol ymet hacryl ate, W 'sé'ﬁ°’6?ﬁ"%?‘°ﬁ"ﬁi§ﬂcy3?f’é&9!ﬂlﬁWB%BW@ﬁH’FC%aP%ﬁfPﬁ‘W and |i ght
transm ttance msgctivhiof fonfttQenddsSiatraddir Ieads el Rery @R AGldbaRl St a relatively
| ow cost. This reduces the expense associated with discarding the nolds 5
after use, according to a preferred process of the present invention. As
menti oned above, although clear-resin lens nolds 5 are, in many ways, well
suited for contact-lens production, they are vul nerable t-o nononer chem cal
interaction. To prevent undesirabl e nononer interaction, we coat the
opti.cal surfaces 2, 3 of the lens nold parts-with a dense, uniform and
continuous protective coating 11. Moreover, ‘we also prefer to coat the
cavity side-walls 12, 13 of each nold part to further facilitate separation
and to prevent adhesion. The coating 11 acts- as a barrier between a lens .
nononer 8 and the lens nold cavity surfaces and prevents interaction. By
preventing interaction, manufacturers can keep the lens nold 5 and | ens
nmononer 8 from adhering and becom ng permanently joined during production.
The protective nold coating is non-reactive with the lens material in the
nol d. The protective coating should have sufficient thickness to prevent
interaction of the nold material with the nononers used to make the |ens.
An effective coating is typically between 10 nmand 5 umthick. It is also
desirable to apply the protective coating so that all nold cavity surfaces
of the lens nold parts are adequately covered including nold grooves and-
curved surfaces. The coating 11 shoul d be applied using a techni que that
guar antees coating density, thickness, uniformty, and continuity. Various
coating techniques are commercially avail able for applying protective
coatings 11 to nold surfaces including: evaporation, sputtering, dip/spin
coating; spraying, photo-chenucal vapor deposition, plasnma-enhanced
chemical vapor deposition (PECVD), and4ether plasma gl ow di scharge _
techni ques. O these, we have found it to be particularly advantageous to
use PECVD applied coatings. PECVD i nvol ves creating plasma in the vapor
phase using nmeans such as RF excitation to activate or stinulate a reaction
bet ween coating materials and 9 WO 00l 76' 138" Q 7 OCT 2003 PCTI USO0/ 15805
reactants. Cenerally, a liquid py rial is vaporized and

i ntroduced along with an oxidizgwm?ﬁPgﬁgsgggﬁun1Chanber. The liquid
precursor is subsequently deconposed.and reacted to forma fil munder

pl asma conditions. The vacuumrequired for this process is noderate
conpared to other deposition technologies, and the coating growh rate is
hi gh. Moreover, the reaction can be achi eved w thout having to introduce
additional heat. PECVD coatings are ideal for |ens production purposes; the
coatings are glass-like,, flexible, thin, dense, uniform continuous, and
pi n-hol e free.




. Al though the technique used to apply the protective coating 11 is
significant, it is equally inportant to sel ect an appropriate coating
material. A suitable coating material nust be resistant to bﬁnﬁ mer
chem cal interaction. Wen light is used to cure the |ens, e E ng
mat eri al vehowiadzde capabl e of allowing the transm ssion of PET/HSR0/SBMY gy.

ain. ; . . or !
char act or | SPREEmiERHE, TUEHMEERt AP ofPuRoleliBhs MLl (oo
nitrides, afferzmiilys@bleSHapdlfproplehs; bibire aisalcapabidioDgadsaiitting 4 gresber

i norgani ¢ conpounds and/or by certain organic or organonetal lic conpounds
whi ch are pemeuntagoofsactipialight.cVaripwcleasresinsare siHtablecion apmtact lgmgogelding
(trinmethyldisiloxane),.can be a ecursor of a.silicon oxide

i nor gani ¢ &H%ﬁ??glf{cﬁgﬂn%?}yﬁ‘fiﬁfgﬁﬁ’f‘%@X?’r)a?fgﬁ?‘?? ’ ?ly%ﬁfoﬁ%’n in terns of
relative 14t6 alrhte /45 eRer cent) of the

non- car boﬁé@%ﬁ?ﬁ?ﬁ%@%ﬂ& ent’a‘)(%g¥l I cone’di oxé e), nore preferably at |east
about 90% of t h@ohearboarteppolysiyteat, i pglyacnyjroematerialsiaré paticuliady ipdefprred.
Exanpl es of effective coating materials that are preferred include: SiCx,

Si ON, Si 3NAhesq igsins oHfongreatdinensionss sta @i‘gﬁ‘ﬁv“ ?m‘t“iaréc?tgﬂuﬂllﬁlbkedf‘a%nt act
| enses enpQql.Vi A L ' t : ed
ol de ¢ hat CHIcK Aa it thep e aliBiEMRely WhRBenc " R, Bl BhapdrasiRiatBF

mat eri al s tdigd clé@-rBsih 1édsanalas, lit i8 Cbinfrionly ki@hin thhbdledr iredins havee: terdemcy 86 t r i des
and netal carbides, for instance TiN, AIN, TiC and SiC, are effective in
pr event i ng interaghwith imanemers ised it centant dens preductien.yUptilorow.rragmfaqturgrsshaye

ot O e | onhiypeengBigie dsfeit b B RairBRbef afuh 6 edh I8 biflal At kilenechBgyy ' °°
lens ol d gsgarRbMical tdabmbBAintePAtRioRD Uhfdtinlately) ¥kistifg §1%§§-£H§iﬂi!8h§lmgld7s may

light-transmtting coating material and a second | ens nold _

208 WD 00IbEaF&expeadive)I8peciaB0e disatd aftsasinglevwse roranayoenly odfentasistang ta hat
has poor light trapsnjttance. A lens | d assenbly 5_.coated .in this manner
e w1 sui e RSS Gl RORT TRt RAT Usplan B RUARcCAys Of RERRA Tpls Arsless
single-layer, sifglgs i LOEH toUleadrt Sh RRdlds @l nethd&s bd 1 can
al so incl ude wllﬁ?ﬁ%@gﬁg?@%ﬁggﬁﬁg gnte Céati ng r?at eri%fls. %i?hotﬁbg%gl

mul ti - | ayercleagrssin moldsc nedSer muakidp ophthalmio attis]esj havingya perpranest (nhe-

resi stance to nonomer interaction. In .addition to prevent i(gjg undesi r?bl e
monomer i nttEANAISEY.Slense wnifermiand coRRUOYS PEPIeRVE Mnrganic eoating andhe surfaceo

preferenti . e i I i b of
ene: maker g BONE AehiRE S g ieririthl Al AR LIMOLARBAVAE: BBROREY °) |
to stay congemicDidtdrat¥idns. AMBoegh SiveRktodiing tarbaiqaed are capatiabLappdyingshch par t
upon release. In other words, it refers to the ability to make the |ens '
nol d so t hatcaativg finelnding$vanonatiane ARUIEENG SPFRYINE; pndplatpwhemicah¥anas| d part

upon separation,. By, sel ecti.ng,the [ Opr. | L i f bot h
tE\e ferrgl e c&?ﬁﬂs‘ﬂﬁ?’ h%ﬁege%egfﬁbgﬂg?gﬁg%rsﬁﬁwg 3 Bl‘égérﬁ:hg?f’ @iﬁ%qﬁ%@r‘) g({phobi c or
hydr ophi | i Cerfpla{d plésrRa-ehhtRicéEdtemiBdl Yafst\debysiSQAEBMED pootharplasiha gloe
preferential rel ease. For exanple, by controlling the ratio of oxygen to
precur sor ulischargs techniques ltich swake sunl, coptingsesensnslliy unifomy roentguais, gemsc,c on

oxi de coating, .t.h oat | .he relative.hyd hilicity of .the coating can
be adj ust ed"?“%'ﬁ’l’éh‘ﬁ? é‘ﬁ‘éfrlrﬁ%%“%‘&?’i ‘ilt““ﬁh‘é‘°ﬁ\5‘ﬂ%°‘f{§gf’8‘%‘h? 1% aﬁ'ﬁ: © GbaRET 'ﬁﬁll.nygll'hus,

by selectin JRRRYE FiR 11ORhd MOndES o &InS surffRBh4TAK RirfnedaR tRSthemt | vel y
adj ust thenl%%?ggﬁr?ﬁagﬂoéﬁg rophobig qualoi ty 8? the nold cavity coatings

11 and can ss¢mblyi $n the cpntedrerthe glirposd of thaceatingiis thairegent khemichkbmteractioar s
can essentially alter the nold cavity surfaceds, Y] t_hathﬁa fi rﬂjyshed lens will
remain wit oighe poldwiththepelwaerizable mgnemers used i making theLPIRADIS FHCls { he

posterior as the . ‘ L L ISSHH e
preferential rel é@gﬁgﬁgﬂlgggﬁm g{fﬁ%ﬁliﬁﬁg% c e%rgérl(lgésfﬁnév{r-'rlgcl S, ngétft .can
al so be usegheniicdl §Meragtibiliitititeurddetlfingahsld isatfaces h8titabie comingy incheteadilicont 0
mononer interaction. The resulting nold assenbly 5 exhibits inproyed

di mensi onal anskmptal exijess aerbidesrand mitsidesyi OF hasee SEel SIAM, Fphls Qe Ta2Qs.d
achieve preferential release. By using our nold assenbly 5, contact |ens
manuf acturers can sinplify and econom ze l ens production by reducing the

|l ens nmold cycle tine, inproving lens quality, increasing polynerization
speed, and increasing production throughput. It should be noted that coated
nol ds as 11 0 7 OCT 2003 WO 001 76738 PCT/ USO0/ 15805 descri bed herein can
be used in the thermal curing of the sanme or simlar formnul ati ons and
nononers as used in light curing to give shaped articles such as contact

| enses. Alternatively, for exanple, a LTV main cure can be followed by a

t hermal secondary cure (heat post-cure). The follow ng specific experinents

o o - o, T " e "



+and nmet hods of the present invention. However, it is to be understood that
these exanples are for illustrative purposes only and do not purport to be
whol |y definitive as to conditions and scope. EXAMPLE 1 Thi E‘iqa;npl e

illustrates the preparation of a contact lens nold with a s i ¥ 2Bt ri de

coati ng wi fheigdsma- enhanced chemnical vapor deposition (PEMAso0/15805
Pol ystyrene nol ds were placed in_ a_ stainless steel, chanber equipped with a

capaci t at i 4ePyhvsihses dovnsddp bemastiidarby effactivse Tiess ingegane cagtiigisywhichtiee
hanb i . a. - ol i d t
base or ceant SURRNEEuS 4\l R, G Ha2k oRHePaooli oy SR REHRHT ) °

control | ermay b frmedoril esbbRdoRtaliif EEmpanRCripedgsorsi Ng a throttle val ue
and a MKS baraton capacitance pressure gauge. The process gases used for
the silicon nitAltheughethe gbeveshst¢dibeatimigrmathmals are prefasfeddierause oftheimatilitygen
was appr oxi gatelkl Zﬁr} i&cl.uded si |l ane andrbsgmmni a gSi H4/NH3) in a 1:4
ratio. Thed@PYBI4ACHRCIrEaUCR B IRPTRICE BB MRAGFIT IIF@CH PR taSHR &F Afher

t enper at ur 1 d L 005 0@ S L: : 0. 60C. tes
of i 1A and KBS et BRAR, el iRk [Plo s b i pe B S BVER, P
t hi ckness measomer ihteeactivng Fuftherftbre,ateridid Fonecont&XAvises; far ihbtafcd s aialse be
illustrates the preparation of a contact-lens nol.d wwth a silicon oxide

coating uswief By senreesafieaersy @thershanclight (fos sxamplss by heatror mEEOWAVE coelgyg a

i i 1qQ the. deser i bed | le 1 Lens .ol d w
Coat od w theae RS S SRE e ey y TP ER Ry 1y Bt et Aol ng s
trimethyl diush h@TANRr AN R RYAATMI8EuBh LY TIC B 59C Abhikh dBRoMEhalngt ligmane to

oxygen was 1:2. The coating thickness was between 600 nmand 1000 nm 12.
WO 001 767 3@&nBeANRL B BroRsy agains midhiogwso sntftactolExatipthe mold osterai.eMdréwver,

chemical resistance qf .plasjics coated according to the presept invention.
Flat sanpl Senoyhelsmminghe DRht SinEes Jas riegalcl Byt be vbafiarinat ightoe
ol ysul fo ; ) f : : ens
st ing. e W RiPHRRAN touP REndls A1 Bl RRis ke NP i3 diidhrelions

Mononer M from onbynpuié siéelof the lémirheldi Mhersdonepincsases whRerehighofor etutiyg a lens or
.met hacrylate (32 parts), Nvinyl pyrrolidone or NVP g4.5 parts),. )
2- Hydr oxy-Aherastigle oalynesheiope %ﬂ%ﬁwané side, prold materiglsyith dimjreddight

ol yeor e TR cRRGL Bhu il sk RHE LR MoRks BRLRANAER WP, PRI
Dar ocur ( Otrzhshwidsic) is nibesasmgial MFor Bcaﬁixgﬂ@,rﬂysﬁﬁtihgehé Hol@par it Rgent s: a
e

pol yur et hanepol ysi | oxane prepol ymer derived from i sophorone diisocyanate,

di et hyl enelrisgéing coating materabsngdthe pthep withs enatingimaterial hawingfpoop lightul ar

wei ght 400 ngd. 2- hydr ethyl nethacryl.ate at .the |l ar, ratio of .§:3:2:2
(50° par ¢ o) tensBferte oR R Rteny tae P ARG ¥ 1t B R R Bt o 5
parts), N démtdchRinyrodefiyn am de or DMA (30 parts), N-hexanol (20 parts}, a
benzotri azol e- based polymerizable UV bl ocker (0.5 parts), a polynerizable

blue tint ( 150AHboygh asidgla cohtingéan be used to prajeciche eavBy Suffadesofmaold parts)f t er
five mnutes,.the nbnoner dr.ops re rubbed away, usin i.myM. pe. After
renovi ng tW@ItWEWE)‘??éW,gS ?&E‘egz_ﬂ?g‘? Q’ﬁ%ﬁ%‘?’téﬂﬁﬁg W%‘H.Xls?ﬁéug@?fé‘f?é‘s‘fgpr? fRstly

| astic sa : ' b G CALL - hyen d been
: apm i nter acisggﬁg,w&ta %lr}tyﬁg%ﬁ%%&?gf’?\dgl?g |g%{§faf %&bﬁ@%kﬁ%ﬁt%?ﬁ&l\@ggﬁe en the

sane nononewry provide swinacabicetion againdt noomomeniinteradtdon and ey fadilititeretease
nol ds according, to Exanple 1, there was nqQ change i-n surface appearance.
EXAMVPLE 4 9i# @olded asticle from the malds Fpeexampleannyhers remione taBne fayersix A of
Exanpl e 3) ) { 0

silicon ni tfglye e C&g%g%%%%%ﬁ%&%{gﬁ E%Jr%gpgapgﬁ&ggot%QS’%@’@%Q@’{S&S&% e

charged wi plev&RinFimbfidthér ihf2adRtioR «dedlerediRCusdns idkethald éﬁhg, aditRmapr nol d
parts were then capped with posterior nold parts. The nol ds were cl anped

and pl acedadianagesof signifigirice san plse be obtaimediynuscesf meldicoatimgsgcehrding to the

irradiation, the nol.ds re then heat cured in _an oven at 6QC for 60
minutes t PSR RV RHAR. FHeKAHRAEROICRaRES AeERclPE g BProgI ARV etPR AR ¢ he

nol ds 13



«p 7 OCT 2003 WO 001 76738 PCT/ US00/ 15805 were found inpossible to separate.
This was due to the reservoir area of the nolds not being sufficiently

. coated with silicon nitride, resulting in chenical attaclopct rmuncoat ed
nold surface in that reservoir area by the nonomer mx in the reservoir
area, parMAW4fBy after capping the nold. In a second att AGRUSEIS8St eri or
nol d was chasogechsed tdimfot@noid s8pamiiBh, prevent dakestdhd idvR! ki

(bet ween posterior anga%nteri org?ol d paﬂ;ftbs) was tdr%aé?&f%%pq%%gérﬁl% t here
was no nondfRseoverfl ow that entered the i nproperly coated nold reservoir.

After repeating4he.curi.n roce set forth above, the nolds were easily
separat ed. Fol | ﬁlbm&?bﬂg g%’l ,C&tgch%m}c@ WIIRCHORMANYIACRIFRES 630t WPl dsontast d

part and Wagndeabe: ' S . t the
surface of t%egﬁﬁg?gﬁéﬁngﬁgﬂg ﬁ/ﬁ%‘%ﬁrlggo%gﬁéﬁse@n%?gb& ?Ile&s1 :ﬁgb goﬁ;gggfrég&ﬁ%n%norrer
mx. . EXAMRibility amithlighExamspiiearice] Mdreatee,she epilicatisi bf@cdaingtthehdRoRITer M X

B in Exanple 3) by cast nolding using polystyrene nolds wth PECVD applied
silicon ni tqam%sv.e%a&.p? FRysalsorarsompligh prsfergrsiad rgleases Foarexammieoye dysiemh 60 ng

(in excess Gfpifidtan S ] nd.t he apped with -
posterior lens rmlaél'd%gét 5. lzéﬁg)lso&f&i Wob\?&r@{‘e?héeﬁngﬂ}%‘ﬁn@{&%f’&gwa*gf%wse-ct ed by
the |ens rgeeducoihroughpugdlptoviry leBORELRY, ahh encrbdshiv 16 spEalbf i
charged with 28 ng of nonorrervm%x sdli}%hl@% hat t he m% d c%g\%i tyB? et V\dgg{ﬁ&%he
posterior and anterior nold parts) was under-filled. The nolds were then

cl anped and pl aceyseiarfother ahjentoofthe inyentien carche Hester Gidemstned by réference @ t he
nononer m | & he nol ds, .t hat underfil| ed re easily separated.

( Some conp)é}s]? |1(e)rl1:é£,‘1 TR mhté%‘\gﬁﬁﬁm GQHBHH@ %Pﬁé@f@%‘&ﬁ O%éhee!agmtgpn-
separated irrespective of underfil'ling or. not.) Follow ng separation, the

| enses which stayed with the posterior nold parts were rel eased fromthe
molds in |less than one hour in a 50150.water/isopropanol solution. The
surface chaPERWBEi zation of the |enses indicated that there was no silicone
nitride on the lgRAs face. Many ot her.nodifications an riations of the
present inventi 5?1&39 Zgé)lgﬁg\g?) S Pﬁrqsf'ﬁﬁ‘ftwélﬁfj‘(lﬁ%( @é&‘&?ﬂ%‘%‘@@ﬁ?aﬁ lens g
therefore unslernathoacappliad proféctitt Bodth 2E0H% Btﬁé“% ifWRntidd1e Present

i nvention can be prac iceg ot her thg% as herggi.n S g%%nﬁ@mlé}bdescri bed. 14
CLAIMS: 0 7 OCT 2003 1. A nould assenbly (5) for manufacture of at | east
one ophthalmec, article (8) used in or on the eye, which nould assenbly
conpri ses ﬂm%a'bfs@r%ﬁgp of nould parts (6, 7) made froma clear-resin

Toul 0 par b5 comn Hogh Bie iGéheofl i iichE of e huioil o A EReh A hhyRimist ey
the moul d paodustsfplaved ahtoadik theyeysfop Bxample deltradtuli Héndes, thRtaonbides! deliGery

article, i ch otective coating, (11) is_permanent]y and externally
appl i ed t\é@fblc? r theraneytic agenss, aad %@,-hks)- ageﬂwnwumccsmdbmsyﬁamdi s

essential | i ] f -the ophthalmc article (8)
formad by Ficami@ol it tatidlahl Sof W haRef conladfioRRR By YaYofblaipie, o1 h
cavity sur fibarefore, the idyemiontwitl berlebetitedwith fefererioe t6 &e MBldtg WY ChrkAt 1hs.
contact lens or an intraocular lens. 3. The nould assenbly of claim?2

wherein cavity ReferEasso FIG. 137 refiresentativo mald pssembly Haccoydingtd the presenuil d f or
a soft cont Jens, 20 4. The noul d.ass |y of,an receding claim
wherein t hég&ﬁ%ﬂ{)‘glspsgﬂvg' é?’g n?‘ﬁf@‘(‘ﬁe by Wﬁ&%g%é“é?ﬂi’rﬁ%q}g Thavingd Rasterior

di mensi onalmeld afityl definy dubfike 8 PWhRR B MhE PodtbQoP suficd B¢ ADARTdAhYS Of
curvature are within +/-20
and anterior mold 6 having an anterior mold cavity defining surface 3 (which forms the
anterior surface of the molded lens). Each of the mold sections is injection molded from
a clear resin in an injection molding apparatus. When the mold sections are assembled, a
mold cavity is formed between the two defining surfaces that correspond to the desired

shape of a contact lens 8 molded therein. Because monomer overflow often occurs

7



«mcrons for all periods of time between one day and six nonths aftler 25
production of the nould parts. 15 AMENDED SHEET 0 7 OCT 20%% 2?% The
noul d assenbly of any preceding claim wherein the clear ed d to nake
the mould transmts nmore than 20% of WV light, in the case of a |lanp used
to cure WROUVBA material. 5 6. The noul d assenbly of any BEFASOIAEHOS] ai m

wher ei n t héurfpodl@@ibingeof (O Rk Rib1E PAY iR Fo&idtionOfeGRMk Rk iEn@Qxicg&tcp%'oau's 7.

The moul d assenbly of claim®6, wherein the prot eq_f Ive coating - onprises
si | i con ox¢iEn configuseshtoringludeie monomeneaveasflow reseovai 9t i ng of silicon, _oxygen,
and . nitrogen. tQ 5, wherein the

. _The ,nmou ssenbly of any . of clains 1 tQ 5
protective coat f%%erFBﬂp?‘PLdggilﬂﬁﬁs gr f?ﬁ%‘?@%‘?%-s'&?gééé‘?a {esliguid-sheh :ﬁ)%ll d
nbl y. ' | | r Qi vie coating
onpri sos BBz AU pngflcP yiBormbttoher ERAIAEAAD NG bie P e 2 o 5
wher ei n t helidrstate,cdpening2fle add cavityemdRéms ving alehs. Gther froGesiRiy s@?s_’g%aaqr‘ol y
of any one of clainms_1 to 5 wherein the protective coating conprises
A1208. 16 2NBNFRtonspfithy lens garythewbe perfigrmer. Gonventionmal nacldingiteshniqueanyd

250 1. BLOG M WESIh i) SRS R S SRR,

T TI S e, S PG e 0 S R

applied qsilnggrpgra?esdngy ?er}erence in its entirety. Other conventional molding techniques and
molds that can be used in accordance with the present invention (for example, whereina |
pluralify of male sections having convex rholding sections and a plurality of female
sections having concave molding surfaces are integrally formed or commonly supported
on frames) aré disclosed in US Patent No. 5,820,895 to Widman et al, US Patenf No.
5,540,410 to Lust et al, and US Patent No. 4,640,107 to Larsen. o

| In the embodiment of FIG. 1, the mold assembly 5 for molding soft (hydrogel)

contact lenses uses clear-resin molds 5 with treated cavity surfaces 2, 3 to prevent -
monomer chemical interaction. As mentioned above, clear resins are more amorphous
and more dimensionally stable than crysfallinc resins. To ensure mold perfoﬁnance, we -
prefer to use a clea_r resin that has sufficient dimensional stability. In the final mold, any
deviétidns from the intended radius of curvature of the molds are within £ 20 microns up
to six months after their production, preferably for any period from one day to six |
months after their production, while the molds are at room temperature,' namely about
25°C. In addition to having greater dimensional stability, clear rc_éins can also transmit a
greater percentage of actinic light energy. Again, to ensure optimum mold performance,
we prefer to use a clear resiﬁ that can transmit at least 20% of actinic light energy,
preferably at least 50% of the actinic light emitted from the light source, in the case of a
lens manufacturing process employing UV curing. However, the preseﬁt invention is
not limited to manufacturing processes employing curing by light energy, and the.molds
described herein can be designed, by way of example, for thermal or microwave curing,

in which case light transmission is no longer important.

8



+10 14. The ,moul d assenbly of any preceding claim wherein the coating is
between 10 nmand. 5 umthick and is permanently affixed to the nould
surface. 15. The noul d assenblly of any preceding claim v§gr@gtTh 288e

protecti \WO%@?&’?E“ ng conprises nultiple |ayers of differ e%gﬁ@%@éh of

materi al s. e noul d assenbly of any preceding claim
t he nmoul d part s Therewanemhywidan resini thiterestitabledbr mpldimg soft khses2imchidingthe

noul d assenb] y. 0 . .pr ing claim erein the inorgani ¢, coating

cont ai ns rrPﬂMmeY E{‘%éleéf 6&&&?&%“@7‘3 P%ﬂb?fﬁegﬂ ester, R??YF“&°EQF andp3 18.
The noul d 1%59( did¥qn | kdas | d to nake
the nmoul d gg?gg e%%@?l | rr%ér%g)? gﬁél st%h%???%gﬁéﬁhl %‘H{é?p§?§%@°@§nsm ttance
t han pol yppolygtyesres, obpdi9meTHaerytate, whiels s ffebimprofedadimiensidnal wlabildy and Hghtoul d
is made froma . materjal selected fromthe group consisting of polyvinyl

chl ori de (PoRsmitignes and whichtaee alpe pyailabledo manpiacipsers at 2 relasivebulomornst.  This

b etodi n- KR R Rk el Py den e e pafte o R Bk B, ¢ (o,
7). define 9rdfayédjp{ogéssq,m1§@§gm_h%§ﬁ@ﬂd wherein the posterior nould part

has a reservoir to collect mononmer overflow produced during |ens production
and wher ei n t he Ascacntiepegaboes; aithough cdeaprédimiens ewdds/Hare, ingnamyt wayss welie

moul d cavities..15 21. The uld agsenbly of .an receding clai.m wherein

the coati ném(fﬁﬂ for Frmtgctlops B’gﬁl‘?t?ﬂ% a’ny?rec%*}B?r@balF %‘é%%‘ﬁ%‘%&%&ﬁéﬁﬁmﬁpﬁ-ect s

t he noul d WWVAR Qﬁrﬁ | I

nonomner . Zglbgizi(}‘aéﬂtt%gt s%ﬁblg?h cryrﬁtgj'u ilﬁé{ag{r?]&%p t g%eg)lpgrg%lirgc e % 3} g?gggulse%s I n

or on the @eydd pamsrpitha depsé, waifbrah) amdicogtimions protéctivei coptr 1 lornViorssive, v@ t he

parts of a clear-resin nould assenbl y1§5¥' conprising at |east one anterior
8 Es

(6) and on@lSp&seisr tougoat the cauity sidovall Hof gael mald pam tofurthpefasititatal i ¢

article; 1§eﬁkﬁmd%|6|%cm adhesion. The'coating 11 acts as a barrier between a lens

monomer 8 and the lens mold cavity surfaces and prevents interaction. By preventing
interaction, manufacturers can keep the lens mold 5 and lens monomer 8 from adhering
and becoming permanently joined during production.

The protective mold coating is non-reactive with the lens material in the mold.
The protective coating should have sufficient thickness to prevent interaction .of the mold
material with the monomers used to make the lens. An effective coating is typically
between 10 nm and 5 pm thick. It is also desirable to apply the protective coating so that
all' mold cavity surfaces of the lens mold parts are adequately covered including mold

- grooves and curved surfaces. . |

The coating 11 should be applie'd' using a technique that guarantees coating
density, thickness, uniformity, and continuity. ‘Various coating techniques are
commercially available for applying protective coatings 11 to mold surfaces including:
evaporation, sputtering, dip/spin coating, spraying, photo-chemical vapor deposition,
plasma-enhanch chemical vapor deposition (PECVD), and other plasma glow discharge
techniques. of these, we have found it to be particularly advantageous to use PECVD
applied coatings. PECVD involves creating plasma in the vapor phase using means such

as RF excitation to activate or stimulate a reaction between coating materials and

e



+0 7 Cct 2003 (b) permanently affixing a uniformand continuous protective
coating (11 ) of an inorganic material to each of the cavity surfaces (2,
3) of the nould parts to protect the surfaces from chem cal ':ptﬁ.c y the
nononers used to nmake the ophthalmc article being noul ded'nﬁ ( cast

moul di ngwat ool76ms8t one ophthalmic article using the noul d RCEHB0/158%her ei n

Its protective COALI ) : 0 ' f e
opht hal m creayerey Gendas idif BEELRR malRkl i iho ARl i Sllc fafor il |
article (8nbgdigér intt 4 dundhah®es The Bqui@ Piedutsot Buibselthentlyi decorhpsaed of
claim?22 or claim23, conprising the step of selecting a nould resin for a
‘moul d par t andraactedito formfai fdmeunderplasme iconditions. abhd vacyumgeqwrad for thigevi at i ons

f i ntended radi. f t f the. | t t - 20..m
W Uhi ' PR BPocs GHparY R e BRiSies, fad e ROBR B ne

moul dpar tﬁé@g 4 HaVERLDA t12f re 26 AR b hclib AdRitRdit hevids to SRFFAuce! NY

applying t rotective coating to the nould using atechnique that
produces aadiiiticial hewr PECVD aoulinge ate idead dsr lpnopredudtion purposespthe 26atingseare
met hod of any one of_ clanms 22 to 25, including coati ngﬂcg_ nmononer overfl ow
reservoir Slagnike, Hexibls thini denserynifarpegontisueysy andhpiBhole&eqi t h 19 AVENDED
SHEET 0 7 ocT 3,1 {. ' C j . . I |4 4 Oom
nononer chem c aﬁﬁg??%lcﬁgs t%&cﬁﬁ ggér/rag Ohaggwot p 9 g%o&ecg{r\{g tcgﬁncé gfla }TSBS?@ h%é%h?lé ,H

wherein a Gdt&“(g%§6ﬁﬁft@@s§e@%ﬁ%ﬁ§@pﬁ§te%@tﬁl RattpiRl, YA bliieatle 06401y Matetial | Ny
to the nould. 28. The nethod of "cl aim 27, erein the coating is applied to

the moul d meisty resistenttodensanemuinertebrinical injerpetiond dfben Lightris upEOEDUre kg, . The

LS TR TN G S

of the . coalshAgn&AERLL S6Ring HiRATa1S Kt hvhilHiSthat Behibid Hed@BhdraieRbtidid SApRAUCed

' suitable materials include silicon and metal oxides, nitrides, and carBides. Such
inorganic materials can be formed from inorganic compounds and/or by certain organic
or organometallic compounds which are precursors to the coating material. For example,
TMDSO (trimethyldisiloxane) can be used as a precursor of a silicon oxide inorganic R
coating that may contain minor amounts of carbon in terms of relative mole percent and
at least about 70% (mole percent) of the non-carbon containing component (éilicon
dioxide), more preferably at least about 90% of the non-carbon containing component
(silicoﬁ dioxide). | _ '
Examples of .e.ffective coating materials that are preferred include: SiO,, SiON,

Si;N,, TiO,, Ta,0s, and ALOs, especially for the molding of contact lenses empolying
UV curing. However, when lens manufacturers do not need molds that transmit actinic
light energy, they can also use coating materials that do not transmit actinic light.
Materials like metal nitrides and metal carbides, for instance TiN, AIN, TiC, and SiC, are
effective in préventing monomer intefaction but are relatively poor transmitters of light
ehergy. Since actinic radiation is often directed from only one side of the lens mold 5
during curing, lens makers can produce a clear-resin lens mold assembly 5 that has one

mold part that is coated with a light-transmitting coating material and a second lens mold
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+ 15 therefrom contains no carbon or carbon in only mnor anounts. 31. The
nmet hod of anyone of clains 22 to 30, including the step of coating nould
cavity surfaces with nultiple layers of different coatind) #edCr208s. 20 32.
The met hod of any one of clains 22 to 31, including applying a . different
coating maW&U0FE780 the cavity surface of each nould part. RSTARBEISSHEET
0 7 OCT 2003,53%0atERGwiEL Qeﬂu%fmﬁeaanm haé ?&quigﬁ_e trégsthiftarice. A Ms4AbIag
applying a protective coating to both nould cavities and adjusting the

hydr ophi | i ¢ assenylgiSoqulatetdiin thjsi alanher iovel auttedofooienstpreductiont i ng t o i nduce
preferential release of. the ophthalnmic article that is nmade by the noul d
Rssenbly. 5 34 THE FRIEIOUMEN hamPss ShgleaiFr SireHpRBLAPHIS B

hydr ophobi c Lt \1.,0 LV ' L | : anount of
oxygen or - vEleBiaiviypins el e PLEFhLY ReRB ML Sl S ALl ot T g

t he i nor ganipawefistsi Adtholgh Bfulti-Tayering wild theedasepipdecttorndosts, ftimdy iddprove fhe,

i ncluding applying a coating material capable of Transmtting actinic |ight
to the cavi tigsistandcalogmenomgr thigeactiowne | ens noul d part through which actinic

L 00T 1S G AR e RS SO RS S A0

sufficient |4 i id] QerlshEle U IPde forititihlrefeasd BNEIVRS e
noul d part tdﬁﬁgﬁﬁ@?ﬁ%ﬁ?‘%bﬁgﬁg@ ies note di re?:t ed.l 3r6. The net hg}j of

any one . of abilitiyrd 1&@B rhakedSto milesrlensmolds thad atectapabla of eanising a finishediieosnte t o
make an ophthal mc, article and fhen discarded. 37.. The method of ~an ne of
a1 29"t GHGEOTgisGnL 7 E SR YA S POHERSE A apeTioL R e Sper TGSty Thhe

or thermal cuifi : P%f&s ﬁg/ﬁ;\plg% FEE 5 tR&the AR haPrend - Met hod
~as clained iﬁﬁgﬁrgorg%’elpo cltiﬁlﬁs%ﬁl‘ to 7l§|@n vvhrfl% st he opht a[?‘nﬁg article

i s a contactrehrims. witia “preferred” lens mold part upon separation. By selecting the appropriate

coating materials for both the female and male mqld sections, lens makers can alter the
hydrophobic or hydrophilic quality of the lens mold cavity coatings and can achieve
preferential release. For example, by controlling the ratio of oxygen to precursor used to
form a mold coateing, for example in forming an silicon oxide coating, the coating, the
relative hydrophilicity of the coating can be adjusted. The higher the ratio, the more
hydrophilic the coating.  Thus, by selecting the appropriate coating matcx'ials;. lens
makers can effectively adjust the hydrophilic or hydrophobic quality of the mold 'cavify
coatings 11 and can establish a “preferred” mold part. In doing this, lens makers can
essentially alter the mold cavity surfaces so that a finished lens will remain with only the
intended lens mold part, either the anterior or the pdsterior as the case niay be, upon
sepa.ratidn. The ability to achieve preferential release is beneficial not only for clear-
resin molds, but can also be used in lens molds made from materials that are not
vulnerable to monomer interaction. _ -

The resulting mold assembly 5 exhibits improved dimensional stg,bility and light
transmittance and can optionally also achieve preferential release. By using our mold
assembly 5, contact lens manufacturers can simplify and economize lens productidn by
reducing the lens mold cycle time, improving lens quality, increasing polymerization

speed, and increasing production throughput. It should be noted that coated molds as
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. AMENDED SHEET . AF

CAY.AL.A AU, . Ay. AT . A As_. A A .AE AL. Al . A& % A SE. A y2. AY, . A A(Y. Au&
A A3A. Al . ALu+, T{[fC

g{vql gb] WJ] ca] ca] ca] ca] ca] ca] ca] caU] ca] cal] cal] ca] ca] cRa] ca] cg]]ca]wga] cal] ca

] ca] Caw\gglogé%@?] ca] cRaU] ca] cal] ca] ca] ca *9+2E*, PCT/US00/15805

T $b$st f ++| vgl gb] XU] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] cal.ca] ca] ca]
ca] ca] ca] okscaliaddierainsan ba}l@q] inghe Beanpayegal Ay saeen supilag formulations 14x444

L e I LA A a2
- e==AAVBBBRRDI, koL i Elid édd Bevioupted b Qﬁérﬁﬁall eeddha Gatea) ca

] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] cal ca] ca] ca] ca] ca] caU] ca] ca] ca] caJ ca] ca] ca
] ca] ca! LYY®edt'postcurdacdee/ h4hBhOh™hj j nogqqrt Bz{{{~ysni d_Zke [V] ca] ca] ca] ca]

cal cal caf ca cal eal ca) cal ce) ol caleatcalegl clsal el ol eph sheabiad ooU ©

(010 demlbsstrod Yl hoaion smpenthopton sapptabeaias) s oo

JTOPgj =~MPanmMéd e Ybciliaattik paipoatcaily ahd ab @ai m]am]t@a& Mbnﬁheﬁx]ucxa]: aa] calc
aJ ca) ca] ca]caJca]ca]ca]ca]ca]ca]ca]ca]l ca] ca] cMal <ELw*} xsnid_Z] c]]ca]ca]ca]c
a] ca] ca] cafbcahditioospudlaopEca) ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] calcalc
a] ca] ca] ca] ca! *Knqgevy| } }xsnid_Z] c] ] ca] a] ca] ca] caJ ca] ca] c"a] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca cal ca]c"a] ca+, T{i K-,

10% ()- 910% ; 9
Tove () (111 K. * Fibageisinass e Werstarion o @ttt l)ef‘%g’ﬁ%c"m‘%smcon

Léoté/& ()- )(/mir@c%ﬁco(a)mg meing plReRYenhygced )chemidal ¢dpor deposition (PECVD).
10" 8109%& () - 6109 ()- 11 109 () - 0% ()] C dEncD' | 109&F: 109 ()-F
L109%& ()- | éﬂlxﬁmne)mqﬂ ds wege placedina iR %%Sw@ Eg%gi')cq&mswl /a) L109%& () -

10 10 10 9&%4@&&)%}3%&8?@8 rgalo\ﬁ'equency (13.56 MHz) power supply. The chamber was

evacuated using a turbo-molecular pump. After pumping down to a base pressure of 107
Torr, working gases were admitted using mass flow controllers (MFC). The desired
pressure was achieved using a throttle value and a MKS baraton capacitance pressure
gauge. The process gases lisecl for the silicon nitride deposition (wherein the ration of
silicon to nitrogen was approximately 2.3) included silane and ammonia (SiI-L/NH;) ina .
1:4 ratio. The deposition pressure was 80 to 100 mTorr, and the substrate temperature
during deposition was approximately 40 to 60°C. The flow rates of SiH, and NH; were
10 to 20 and 40 to 80 sccm, respcctively. The coating thickness was in the range of 60
nm to 120 nm. ' | |
 EXAMPLE 2
This Example illustrates the preparation of a contact-lens mold with a silicon
oxide coating using plasma-enhanced chemical vapor deposition (PECVD). Using a
setup similar to the setup described in Example 1, a contact lens mold was coated with
silicon oxide. The working gases used to obtain the coating was trimethyldisiloxane and
oxygen wherein the ratio of trimethyldisiloxane to oxygen was 1:2. The coating

thickness was between 600 nm and 1000 nm.
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. 109 ()- F'10%& ()-*9+2EdENDC'! 109400 () -y! 109%& ()-Y SLO%! ()-
10 8-F"10%&' ()-" F10%: () - E*; dEnbC' ! 10%
|- 10% ()-310% ()-1 ! 10%& ()- 10%&' ()- 10%& ()- 910% ()- Gy ds
103: t 109%' () -, F7 109% ()- 5100& ()-018/&' () -y&l (b ()-‘#97 Gorcd 10
100& () - WOMESTY 108" 109 () - ! POTOYMNE () -1 910N & ()-1 | Cr/uS0015803
910% () -1 10%VK’ ()-! 10%VE' ()- 10b$pSqSEXAMBEEZHC 108" 10%T& () -
9f GLOS& () -" 1094 () - &1094& () - M 10M 10M TOMY: 1098/ () - &+ | .} 2XI<C
10 10TT 10TT! 410bisExample ilusiratestbe chemicaliigsipigned ofjplastics coated adootding fo

oo () st p kg e b T 6T a R s oy e eI pea 10
and polysulfone) were exposed to one drop of Monomer Mix A and B used for lens
casting, respectively a non-silicone soft lens and a silicone soft lens. Monomer Mix A
comprised fhc following components: 2-Hydroxyethyl methacrylate (32 parts), N-vinyl
pyrrolidone or NVP (45 parts), 2-Hydroxy-4-t-bi1fylcyclohexyl mcthacrylafe (8 parts), |
ethyleneglycol dimethacrylate (O. 1.parts), methacryloxyethyl vinyl carbonate (0.5 part),
glycerine (15 parts), a polymerizable blue tint (150 ppm), and an initiator Darocur (0.2
parts); Monomer Mix B comprised the following components: a polyurethane-
polysiloxane prepolymer derived from isophorone diisocyanate, diethylene glycol, aw-
hydroxybutyl polydimethylsiloxane of molecular weight 4000, and 2-hydroxyéthyl
methacrylate at the molar ratio of 6:3:2:2 (50 parts), 3-methacryloxypropyl
tris(trimethylsiloxy)silane or TRIS (20 parts), N,N-dimethyl acrylamide or DMA (30
parts), N-hexanol (20 parts), a benzotriaiole-based polymerizable UV blocker (0.5 parts),
a po'lymcﬁzable blue tint (150 ppm), and a photoinitiator, Igracure-819 ( 0.5 part). After
ﬁ've minutes, the monomer 'drbps were rubbed away using a kimwipe. After removing
the monomer, the samples were observed. The surfaces of the plastic sa:npleé had
become rough and opaque, indicating that there had been an interaction with the
monomer ingrediénts (DMA or NVP). However, when the same monomer mixes were
_applied to silicone nitride-coated polystyrene molds according to Example 1, thefe was

- no change in surface appearance.

| EXAMPLE 4
This Ekample illustrates lens casting (with fhe Monomer Mix A of Example 3) by
cast molding, using polystyrené molds with PECVD-applied silicon nitride coatings
according to Example 1. Anterior mold parts were charged with 60 mg (more than
needed) of the moﬂ&mer mix. The anterior moid parts were then capped with posterior
mold parts. The molds were clamped and placed under an UV light source for 15
minutes. Foliowing UV irradiation, the molds were then heat cured in an oven at 60°C

for 60 minutes to ensure that the monomer mix was fully cured. After curing, the molds -
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. 10@ @ 100 @ 10@ @' F410%Q @ & () - S0L0%BE () - S@ MLOUG& ()-l L! 10v@8& () -
910%@& () - f 4445778 _=PB4 10 10@!f3! 109& ()- 3! 109%& ()- ocT 2003
109& ()-, 109%& ()- 's109& ()- 109 ()-L88888888v9_@ 10 10@5075

10% & ( ?w | E" 10%22&' ()-,10%& ()- 10 10 10l 610%& ()- @10%&p é%ﬁ/@, § e--aB @
10 10@! - L110%& ()-1F 110%2& () - ZF | 10%& () 205 -
10% & () - WE%MBBBEEI;‘S’N& tb(heﬂﬂ'@e' ’ﬂtﬁzwiﬂduel@)zthe reservoir area of the molds not
1110% & ( % F7M 10% &' () - 5! 10‘%22%
eing sufficiently coated with silicon | nitride, resulting in chemical attack of the uncoated
mold surface in that reservoir area by the monomer mix in the reservoir area, particularly
after capping the mold.

In a second attempt, an anterior mold was charged with 28 mg of monomer mix
such that the mold cavity (between posterior and anterior mold parts) was underfilled,
meaning there was no monomer overflow that entered the nnproperly coated mold
reservoir. After repeating the curing process set forth above, the molds were easily
separated. Following separation, the lens stayed with the anterior mold part and was

_ later released in water. These results indicated that the surface of the coated mold

provided good chemical resistance to the monomer mix.

EXAMPLE 5

This Example illustrafes .lens.casting (of the Monomer MIX B in Example 3) by
cast molding using polystyrene molds with PECVD~applied silicon nitride coatings. The
anterior mold parts were charged with 60 mg (in excess of what is required) of monomer
mix and then capped with posterior lens mold parts. The overflow of the monomer fnix
was collected by the lens reservoir; In addition, some of the anterior mold parts were
chargcd with 28 mg of monomer mix such that the mold cavity (between the post.érior-
and anterior mold parts) was under-filled. The molds Were then clamped and placed
under a visible light source for 60 minutes to cure the monomer mix. All the molds that
were underfilled were easily separéted. (Some compositioné, such as certain silicone
hydrogels can be easily separated irrespective of undérﬁlling or not.) Following
separation, the lenses which stayéd with the posterior mold parts were released from the
molds in less than one hour in a 50/50 water/isobropanol solution. The surface
characterization of the lenses indicated that there was no silicone nitride on the lens
surface.

Many other modifications and variations of the present invention are possible in
light of the teachings herein. It is therefore understood that, within the scope of the

claims, the present invention can be practiced other than as herein speciﬁcally-describéd.
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1. A mould assembly (5) for manufacture of at least one ophthalmic article
| (8) used in or on the eye, which mould assembly comprises a mateable
5 pair of mbuld parts (6, 7) made from a clear-reSin mould material
characterised in that the cavity surfaces (2, 3) of the mould parts
comprises a coating (11) of an inorganic material to protect the mould
. parts from attack by monomer used in making the ophthalmic article,
- WhICh protective coatlng (11) is permanently and externally applied to
10 the cavity surfaces (2, 3) of the mould assembly and is essentially non-
reactive with the surface of the ophthalmic arttcle (8) formed by the
mould assembly.

2. The mould assembly of clairﬁ 1 wherein cavity surfaces (2, 3) of the
15 mould parts (6, 7) define a mould for a contact lens or an intraocular
lens.

3. The mould assembly of claim 2 wherein cavity surfaces (2, 3) of the
mould parts (6, 7) define a mould for a soft contact lens.

20
4.  The mould assembly of any preceding claim wherein the mould: parts
are injection moulded and have sufficient dimensional stability so that
any departures from the intended radius of curvature are within +/-20
microns for all periods of time between one day and six months after

25 production of the mould parts.
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5.

10.

11.

‘The mould assembly of any preceding clalm wherein the clear resin
used to make the mould transmits more than 20% of UV llght, in the

case of a lamp used to cure the lens material.

The mould assembly of any preceding claim, wherein the protective
coating comprises a silicon-containing material.

The mould assembly' of claim 6, wherein the protective cdating
comprises silicon oxide, silicon nitride or a material consisting of
silicon, oxygen, and nitrogen. '

The mould assembly of any of claims 1 to 5, wherein the protective
coating comprises one or more meta_il oxides.

The mould assembly. of any one of claims 1 to 5, wherein the protective
coating comprises TiOz or TiN. o

The mould. assembly of any one of claims 1 to 5, wherein the protective

coating comprises TazOs.

The mould assembly of ahy ane of claims 1 to 5, wherein the protective

éoating comprises A120a.
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' coating is uniform, continuous, and sufficiently dense to form a barrier

to monomer diffusion.

13. The mould assembly of any preceding claim, wherein the'co'ating has
been uniformly applied using plasma-enhanced chemical vapor
deposition (PECVD). '

10 14. The mould assembly of any preceding claim, wherein the coating is
| between 10 nm and 5 um thick and is perrhariently affixed to the mould
. surface. '

15. The mould assembly of any preceding claim, wherein the protective
15 coating comprises multiple layers of different coating materials.

16. The mould assembly of any preceding claim, wherein each of the

mould parts- is coated with a different coating material.

20 17. The mould assembly of any preceding claim, wherein the inorganic
coating contains minor amounts of carbon.

17
AMENDED SHEET



|#110%&'() m Y3 "100'"&'()-'YNIlOO'"&'() ZYMLO% & () -zY | 109 () - 3
109% & ()- aBSH='10 10@ 6-10% & ()-2! 10% & ()-! -

109%&' ()-S,,S10% & ()-*10% & ()- (1 10% & ()- eb@10 10@!'Ig-7 0CT 2003

"10%& () - :13"510%'() @0%&'() “109& ()- 10" 10" 10" & 10% & () - euj

10@ 3" y109% 0&,

10910%&' ()-! -

i

)

_@10

%&Tq mw@w&w@v SRV ESedingSaE). Whelen toresiousedty ) - y

10% o& () - 10% 0& (rthake 1A6&AI) hat b@éét@:&d{rﬁen%ib%p&ta(biw Qi'\@ hightP IR

10

15

20

25

19.

20.

21.

22.

transmittance than polypropylene

The mould assembly of claim 1, wherein the mould is made from a

- material selected from the group consisting of polyvinyl chloride (PVC),

polycarbonate, polystyrene, polyester; polysulfone, polyar_.:rylate, or
polymethacrylate. :

The mould assembly of any preceding claim, wherein the cavity
surfaces (2, 3) of the r'-nould parts (6, 7) define a mould for a contéct
lens and wherein the posterior mould part has a reservoir to 'collect
monomer overflow produced during lens production and wherein the

coating protects the overflow reservoir as well as the mould cavities.

The mould assembly of any preceding claim, wherein the coating

‘uniformly and continuously covers the lens moulds and protects the

mould from attack by polyvinylpyrrotidone or dimethylacrylamide
monomer.

A method of moulding an ophthalmic article (8) for use in or on the eye,
comprising the following steps:

(a) injection moulding the parts of a clear-resin mould assembly (5)
comprising at least one anterior (6) and one posterior (7) mould
part for production of the ophthalmic article;

18
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(b) permanently affixing a uniform and continuous protective coating
(11) of an inorganic material to each of the cavity surfaces (2, 3)
of the mould parts to protect the surféces from chemical attack
by the monomers used to make the ophthalmib article being
5. moulded; and |

() cast m_oulding at least one ophthalmic article using the mould
assembly, wherein its protective coating (11) does not react or
coat the surface of the ophthalmic article.

10, 23. The method of claim 22, wherein the ophthalmic'article_ (8) is an
intraocular lens or a contact lens. '

24. The rhethod of claim 22 or claim 23, comprising the step of seleé:ﬁng a
mould resin for a mould part that has sufficient dimensional stability to
15 limit deviations from intended radius of curvature of the mould part to
+/- 20 microns within a period of one day to six months from the tlme of

producmg the mould part

- 25. The method of any one of claims 22 to 24, ¢omprisihg applying the
20 protective coating to the mould using a technique that produces a

dense, uniform, and continuous protective coating.

26. The method of any one of clams 22 to 25, including coating a monomer
overflow reservoir along the posterior mould part's circumference with

19
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attack.

27. The method of any one of claims 22 to 26, wherein a glow discharge
S ' process is used to-apply the inorganic coating to the mould.

28. The method of claim 27, wherein the coating is applied to the mould
using plasma-enhanced chemical vapor deposition (PECVD).

10 29. .The method of any one of claims 22 to 28, wherein the inorganic
material comprises silicon.

 30. The method of claim 27 or claim 28 wherein precursor of the coating
comprises carbon even though the inorganic coating prodhced
18 therefrom contains no carbon or carbon in only minor amounts.

31. The method of any.one of claims 22 to 30, inc!uding the step of coating
" mould cavity surfaces with multiple layers of different coating materials.

20 32. The method of any one of claims 22 to 31, including applying a
. different coating material to the cavity surface of each mould part.
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protective coating to both mould cavities and adjusting the hydrophilic
or hydrophobic quality of each protective coating to induce preferential
release of the oph'thalmic' article that is made by the ni_duld assembly.

34, The method of claim 33, wherein the hydrophilic or hydrophobic quality
of each: protective coating is adjusted by the amount of oxygen, or
Weight ratio thereof to the precursor compound, used in forming the
inorganic coating.

10

35. The method of any one of 'claims 22 to 34, includihg applying a coating
material capable of transmitting actinic light to the cavity surface of at
least one lens mould part through which actinic light energy is dlrected
and applymg a second coatlng material offering substantial protectlon

15 agamst monomer interaction but lacking sufficient light - energy
transmittance to the mould cavity surface of the mould part through
which curing energy is not directed.

. 36. The method of ahy one of claims 22 to 35, wherein the mould
20 assembly is used once to make an ophthalmic article and then
discarded. '

37. The method of any one of claims 22 to 36, wherein cast moulding in
part (c) comprises either light or thermal curing or both.

25
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