WO 2011/162958PCT/US2011/039663 METHODS, DEVICES, AND SYSTEMS FOR INJECTION
MOLDING CONTACT LENSES [0001]Methods, devices, and systems .ufacturing ophthalmic lenses
by direct in¥&i¥H Wi6M8f8g are generally discussed herein, with particular dReliESHHE/Bddded to
contact lenses produced by directly injecting a lens forming composition into a lens-shaped cavity in a
mold, the lens-shaped cavity having a non-uniform region such as a protrusion, projection or raised
bump forming part of the molding surface. The non-uniform region in the lens forming surface forms a
depression, well or recess in a pevipHai4) BSn® bMHelspmdah iy 8RB Vi®Ided in the lens-shaped

cavity. BACKGROUND [00 ﬁ%ﬁ&ﬂéﬂ'%@%‘iﬁ@ﬁﬁ&%%ﬁ‘ﬁ'%;%%é%ac“ve liquid

components, such as a lens forming reactive polymerizable compaosition, are mixed, injected into a
mold, and polymerized to form a plastic article. With a reactive polymeriziable composition, no external

curing by ultgawiojet light, -kcal oy the like is required. The arti ecuresasar sult of the chemical
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composition into the mpld cavity, The dosing js typically performed by.a molding machine f,egding the
reactive %&?/en% .%I}Cl’ggﬁ éP é&’m‘%&%ﬁ‘oﬁn{ﬁ%ﬁé hg41%%%&%@%@8?%“%8@% HehRFEUGH S gAta or
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polymerization AretypicallFprovi eéi Wit HOIEEavitly, [OB0BTBTERrEtioh MoldBe BhmiR&Imic
lenses mayfalsddrensnadepitssioa.lens! formiag polyimerizablel compositiemsiell Bk desiicanadayerogel
lens formlilnq olymerizable composition, including the silicone hydrogel lens forming polymeriziable
composi%c?n%p‘hﬁ' §§a°ﬁ% U's Pub. No. 2009/0264553, entitled WETTABLE SILICONE HYDROCFEL
CONTACT LENSES AND RELATED COPOSITIONS AND METHODS, filccl July 1, 2009, the contents

of which X %'ﬁcorporated herein by reference for all purposes. In direct injection molding
using a rg%%ﬁgégté omposition, the polymerizable composition may he injected into the mold

cavity [0002]  Reaction injection molding (RIM) is a process where reactive liquid components.
such as a lens forming reactive polymerizable composition, are mixed, injected into a mold, and
polymerized to form a plastic article. With a reactive polymeriziable composition, no external
curing by ultraviolet light, heat or the like is required. The article cures as a result of the
chemical reaction of the liquid components in the reactive polymeriziable composition. In a
closed mold environment. the mold cavity components are mated prior to dosing of the reactive
polymerizable composition into the mold cavity. The dosing is typically performed by a molding
machine feeding the reactive polymerizable composition through a sprue, manifold or runner,
and then through a gate or port for injecting the reactive polymerizable composition under
pressure into the mold cavity. An outlet for run-off of excess polymeriziable composition and
venting for gases produced during the polymerization are typically provided within the mold
cavity.

[0003]  Direct injection molded ophthalmic lenses may also be made from a lens forming
polymerizable composition, such as a silicone hydrogel lens forming polymerizable composition,
including the silicone hydrogel lens forming polymeriziable compositions disclosed in US Pub.
No. 2009/0264553, entitled WETTABLE SILICONE HYDROGEL CONTACT LENSES AND
RELATED COPOSITIONS AND METHODS. filed July 1, 2009, the contents of which are
expressly incorporated herein by reference for all purposes. In direct injection molding using a

polymeriziable composition. the polymerizable composition may be injected into the mold cavity



WO 2011/162958PCT/US2011/039663 and then exposed to thermal radiation: actinic light. including
UV and visible forms of radiation etTective to polymerize the composition while the composition is
prtSt the mI@ &lAtio283ernatively or in addition thereto, the polymerizablePotifB8k1d#%4d be heated
in the injection unit of the injection molding machine and then injected into the mold cavity. for example
to allow the polymorizable composition to flow into the mold cavity. For thermally cured polymeriziable
compositions, depending on the temperature of the injected polymerizable composition as it exits the
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in the mold cavity to ensure the polymer composition can adequately flow into all the regions of

the mold cavity.

[0005]  As used herein, direct injection molding is understood to mean injection through a
flow or fluid channel to deposit a lens forming composition into a lens forming cavity. The lens
forming composition can comprise a lens forming reactive polymeriziable composition, e.g.. a
lens forming reactive polymeriziable composition not requiring the addition of thermal radiation
or light to polymerize; a lens forming polymeriziable composition, e.g.. a lens forming
polymeriziable composition requiring the addition of radiation to polymerize; or a lens forming
polymer composition, e.g., a lens forming polymer composition that is already polymerized but
requires the addition of heat to be molded. such as a lens forming thermosetting polymer
composition or a lens forming thermoplastic polymer composition.

[0006] With RIM using a lens forming reactive polymeriziable composition, and
standard injection molding using a lens forming polymeriziable composition or a lens forming
polymer composition, the lens forming composition is made to flow into the mold cavity through
a gate. typically located on the side wall of the lens mold. Consequently, when the lens forming

composition polymerizes or sets, a small amount of material can be left behind. This material left
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behind is referred to as a gate witness. The gate withess may he raised above the molded surface.,
may result in a rough area on the surface on the molded item near the location of the gate, or inay
both be raisB®a8bvto#Emolded surface and result in a rough area on the BGifdEaU 8% e,
Alternatively, a gate pin may be used, which can result in a recess in the molded surface. The recess
formed by the gate pin may result in the presence of a rough area on the surface on the molded item
near the location of the gate pin, or may result in both a recess and a rough area on the surface of the
molded itemndnordertal proaddezarr eptittalilicallytacceptableasurtacéscthebgatethvitness; dhearfecess,

the rough. area on the molded item, or combinations thereqf must\jat?}r e treated, for example, by
removing}raﬁatteesr?g %}ras{r‘%%%ighaiﬁega t(H]et%arSéIéP ?é’ﬁso,n;%paiﬁ]é%%?c%%’g gtt‘e‘ipl)st ?l?ﬁ“é‘gﬁ ! %q‘ttl{lnee‘g%%?ngum% , can

produce etis mefests] aaovower yields cand finesacanrinctease overhlhproduatiernseasts. SUMMARY

[0007]In pne embadiment, the present disclosyre is manufacturing a contact tens, the metho
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forming surface.in the location of.the raised non-uniform region,.and a fluid channel pasgingrthrough
the body}%oe{g gﬁ%%nr% '?n""‘rﬂh%u% 88%2%8&35‘? TRt e 86’8*nﬁgij}?[1bf8£’]?ﬁ§tﬁé€ﬁ?§t‘ Hﬁ@&l ifdisnt A 8old
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part of a lens Sh%%e%ccéas\é',t)(h%)r%wa ing a lens forml? .gam osition. rouig)h th§ fluufi chanrg{?z{}?dj e
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allowingtthedénsofoemingeorpasitionitg foumdatentasienmbatly eieiningshedshapeot the steps
Iens-shag)ed cav'té/; removing the contact lens body from the mold block gand the mold insert; washing
the contatt 1SS %oé%‘fn%%‘és J3h & WDRESA TSNS oy Hlaciig e ehmtact 18ng BBy i 4 idkage
with a packadingsbitiian;saaling the package containing the contact lens body and the packaging
solution; and sterilizing the package containing the contact lens body and the packaging solution to
produce a finished contact lens. [0008]In one example, of the method. of manufacturing a contact lens,
the rais&SUMNAURIform region of the first mold insert is configured to form a depression in a peripheral

zone of a C?&&C}]Ien%’? OgXé embodiment, the present disclosure is directed to a method of
manufacturing a contact lens. the method comprising: providing a first mold insert comprising a
body section; said first mold insert comprising a lens forming surface including a raised non-
uniform region having an opening formed through the lens forming surface in the location of the
raised non-uniform region. and a fluid channel passing through the body section and in fluid
communication with the opening; placing the first mold insert into a mold block so that the lens
forming surface of the first mold insert and the raised non-uniform region form part of a lens-
shaped cavity; providing a lens forming composition through the fluid channel and the opening
so that an amount of the lens forming composition is deposited in the lens-shaped cavity;
allowing the lens forming composition to form a contact lens body retaining the shape of the
lens-shaped cavity; removing the contact lens body from the mold block and the mold insert;
washing the contact lens body: inspecting the contact lens body: placing the contact lens body in
a package with a packaging solution; sealing the package containing the contact lens body and
the packaging solution; and sterilizing the package containing the contact lens body and the
packaging solution to produce a finished contact lens.
[0008] In one example. of the method of manufacturing a contact lens. the raised non-
uniform region of the first mold insert is configured to form a depression in a peripheral zone of

a contact lens body.
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WO 2011/162958PCT/US2011/039663 [0009]In another example,method of manufacturing an be a
method of manufacturing a silicone hydrogel contact lens. In one particular example, when the method
is a methodWPrHHAHRASring a silicone hydrogel contact lens, the step of WShHSRMHEESMACt lens
body can comprise cleaning the contact lens body, extracting the contact lens body, hydrating the
contact lens body, and combinations thereof, using an aqueous solution free of a volatile alcohol.
[0010] In another embodiment, the present disclosure is directed to a method for forming an
ophthalmic |dA88/loughdirethénjection! moldihgdcofmprisifiertfonmaingnabirstmediddinSentcofnprising a
body secljogiegid ekl aet: GamPrRing. 2 ten [eming spfacs icludina g taised nanrunop
region in a peripheral zone of the lens forming surface, the raised nonuniform region having an
opening faxdne@chnoug s thiders ipdmiag sarface limshéosation’ of bl raigedcoamanifosrhaégianpand
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the lens forming composition to cure, polymerize or set, can further comprise forming an Irreguiar area
on a sidelfoma oot thaldepressioll insoneupatiicutasekampley therexteiior Sunfacetof theltens
body is mpx (apggn%, ! ically;accentabl n.an exterior surface of the,lens body formedina .
Iens-shapec? (e:avityw{{h!)out %e"ragigté%gp%%%ﬁgﬁﬁ} géﬁé%? a”}r{ va“ﬁmgﬁt 3?%?#8%% %r%gggs? n Ol the
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the present disclosure is directed to an ophthalmic lens g ©
the shape of the lens-shaped cavity.

[0011]  In one example of the method of forming an ophthalmic lens, the lens forming
composition can comprise a lens forming reactive polymeriziable composition, a lens forming
polymeriziable composition, or a lens forming polymer composition. In one particular example,
the lens forming composition can comprise a silicone hydrogel lens forming composition.

[0012] In another example of the method, the step of allowing the lens forming
composition to cure, polymerize or set can further comprise forming a depression on the exterior
surface of the lens body. the depression being the negative of the non-uniform region. The step
of providing a lens forming composition through the fluid channel and the opening. or the step of
allowing the lens forming composition to cure, polymerize or set. can further comprise forming
an irregular area on a side or a bottom of the depression. In one particular example. the exterior
surface of the lens body is more ophthalmically acceptable than an exterior surface of the lens
body formed in a lens-shaped cavity without the raised non-uniform region. and without forming
the depression on the exterior surface of the lens body but having the irregular area located

directly on the front or back curve surface of the lens body.



comprising a lens body, a front curve surface, a back curve surface, an optical 7.011e, and a
peripheral zone, wherein a depression comprising a depression bottom surface is located in the
peripheral ZB28hH13858epression bottom surface is recessed from either RedHSRRIA(IRA¢Surface or
the back curve surface. [0014]In one example, the ophthalmic lens further comprises an irregular area
located within the depression. The irregular area can be formed during the step of providing a lens
forming composition through the fluid channel and the opening. or during the step of allowing the lens
forming conl§84i8bn tdricareipolymeéridersnsehThegepdssionrirsglitacaresa) on botilthendepression
and the i irre rlﬁtn realggn QO %rs%d tg aprml ).an %rlengeatlgrbmﬁrktlgré |ra:1vrh sré)narnarhim%dra%no?trg mark,
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PolymerRhiESamBRSlionR \FISIRIMING RO EKbie composian. 13 IS0 (mino pQmer
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molding, CoRT. 3R sedion.eamersing BT loming sulace e lens g sudace,
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the present closureis directed to a system for producing an opht almic enst roughdirect injection
molding @dmgmmngnmﬂfstmaeldimsertmg)mpﬂssmgtbcbomf section; said first mold insert comprrsrng a
lens formln L least .one raise unrfO{l region on the I ns farmin , surface havrn
ﬁnO her \amll? 6 }6 op l k dﬁ' % r'me iYO I} %rm
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section ardrfigichcdmniemidatiomwithrtipe opeming; @mpxldd)ideh‘momeiagtmgcexfﬂfwmmdrm&eteand a
Companlon §nsﬁ§8rm|ng eliltrsfa m%%r%cbat %ﬂvenn gﬁszpzﬁﬁee d ccoan\l”tx I%demed by_i tgse I%n Snft%crm mgl sugf}a ce of
the first mold insert and the comp anion’iens orming‘a a ggte pin comprrsrnb a Wb
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for closing tfﬁo‘t%di’”'”%‘non Heprasction e;{} 9ne Sxample of tne syst Jr%ctt? e R, “'? %ft”A T ate ﬁé‘ can
comprise a raise prorec lon configure orm a recess in a depression forme Aa 18ns y molded
using thensygtémdirect injection molding, comprising: a body section comprising a iens forming surface,

the lens forming surface comprising an optic zone forming surface and a peripheral zone forming
surface, a raised non-uniform region located in the peripheral zone forming surface, the raised
non-uniform region having an opening formed through the lens forming surface and a fluid
channel passing through the body section and in fluid communication with the opening, wherein
the raised non-uniform region is configured to form a depression on an exterior surface of an
ophthalmic lens body when the ophthalmic mold insert is used to mold an ophthalmic lens body.
[0017] In yet another embodiment, the present disclosure is directed to a system for
producing an ophthalmic lens through direct injection molding comprising: a first mold insert
comprising a body section; said first mold insert comprising a lens forming surface. at least one
raised non-uniform region on the lens forming surface having an opening formed through the
lens forming surface, and a fluid channel passing through the body section and in fluid
communication with the opening; a mold block for retaining the first mold insert and a
companion lens forming surface so that a lens-shaped cavity is defined by the lens forming

surface of the first mold insert and the companion lens forming surface: a gate pin comprising a
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[0018]Soft ophthalmic lenses, such as hydrogel contact lenses. including hydrogel contact lenses,
methods of manufacturing soft ophthalmic lenses, systems for manufacturing soft ophthalmic lenses,
mold insertS¥@ 36H/dpA%almic lenses, and methods of manufacturing the |®¢IAHSM1IHEHG3are herein
described. Utilizing the present methods, systems and ophthalmic lens mold inserts, it is possible to
produce an ophthalmic lens by direct injection molding and create a depression. well or recess on a
surface of the ophthalmic lens that minimizes, eliminates, or hides an irregular area such as a gate
witness, pimetessaat a rough lecesthat may forparanithdehsddeirimgdhé& modiding procpssinfonexample
when the mold closes dol%lrein%g%z injection pQQgess.ﬂThe.irr?Eul rarea {gnned on the lens during the
molding Brc}cess IS Minimize ,‘eﬁm'r?ate§c§'r F]l%’aénlgypﬁlflaé ngolt at the bottorn Br SN e s Br'a
depressiprjtatpensifates dromfarsusfaceor ihe dppihaimicitensinto thielduboof thellasuiieg dees
not penetrate through the entire thickness of the lens). The depression can be located in a peripheral
zone (i.e?;"ﬁtanan optic zone) of the lens, for example, on an anterior or posterior surface of the lens in
a region of tfG0BE bedwlenthidderiteriaptis, ZQikhe @andhitismedge@fiibe lens:sin iathediwordsgicthe
depressipn is ngt located along an eﬁ e, of the lens, but is located on an anterior or posterior surface
or the le %aﬁ%qd(gﬁ@%%io%?g%m 5t ?%Stooéom%\’i’h“ﬁ%%Lﬁgftapé%‘a&%lé‘d (&)‘?Pfﬁ% Iéﬁ%tﬂ?]?ingm
molding sauihéicthe nppefmesithalii(s) tfiks.irmegulanaiea femain withisothe depegssion-and balaw the
surface or the eméainder of the Ien? S rfacebghg.,. the anteri?r or. po terii%r ﬁurfa?c_ef, of the lens). By
placing (RIS PR o BPE i GHIF 4 e RS THE TagUTaP 57 dBSS Hot comd IRECUIBE With the
surface ofidip @yaoidhe eyelipaunngintrmahwieanafithedengotdiiizing theipreseni pnetiiads and

devices can reduce or. eliminate the need to perform post-molding manipulation or secondary
operation® SHYHd &S O8UPR S ABRAIAET N8 HRATETI by TN SFETRBChEICSF MERRREVERR e or
smooth ahiregulamaiga-sushnisagate Withess (eeeskOhfoualareafonred;tiwina the solding
process, for example at the location where the lens forminq, composition is injected into the lens
forming E3VY B AP 8kdiBleS ol thes Bre8EtS Ve tIoH e iktiissét SSWPlith 1etdrente!tb a
single caviyemelihiotle apaedtircaviyemoltRlosk forsimultanentslyiniecting mutiplecaviies yth
lens forming compositions gvo ,20,11{%%2958,P T/US2011/039663 (e.g., lens forming reactive
po|ymerﬂzﬁg%ié>c%§nﬁ%%m&% ; IR RSHHING I WINTZ CBriastien’s 2r ienSTdrminy peiyfferide of 2
compositionsyiowithin phecpuatviemoaf theupfesest hvariiona Ol JThepresenumethagds devices, and
assembl(ifs are effective in mas? '

é ‘ producing  ophthalmic lenses by direct injection molding. By.
manufactifihgIeRS B iHEEHE A EreatEA Ik %ﬁﬁ’.ﬁ&% FRY hhUMGERTFANRY BN rREHHRT &itn
such as pergisechiprotieigion, prejastionior Rumpoatdielesation ofdheigate alensproduced dhergform
will have a pegative image of the. raised ngn-uniform re ioq that maqifest§ as a depression, WeII or
recess alHETRAENISF b BATE Wbl SR S SHERT 4 A gEBNAHALE, Feess OF 16t
area willlacetier Therdepiessignatihe loeatianatdhegate sarderve ocongeahallonqartofa gate
vestige or witness, conceal all or part of a recess formed by using a gate pin having a projection, or
conceal ZIHUYH AR SIS B e %ﬁmﬁb&s&gg?féw|&cﬁﬁa%ﬁ\érﬁf}é@afa}faebal?rf%%w@sion,
the irregfilanadesnwilk Herocatéaebelolithessutiacehef ihpdensss@ihat)the incegtdanlareadal thadens will

not directly.contact the surface of the eye or of the.eyelid during wear. In such.an example, the
copresolT e ISHE SRRSO QTSP Gk SHABHEY BldCEAF B SORDadonLRHBHEDH to be
effectivedinpmakiiig thefpresenioe lohan Byegulas area imerel ophthahnically: acgeptable tandtheiraised
non-uniform Ie ion on the mtold insert is. (iomlgurgd to flpg[n a depression Iﬂia is. effective in making the
presenca ot AR iHaYUiAr SrEa iSRS RN AITCA e Xptabla Srlirthe £ 5y S SWLHRG A ab prapridte
gate typéethengaleniitngssheqneaactomaticallydnd timinedasmanthedranichbefeaesseeiwithin then
depression Withlout the need for performing any secondary operations on the cured or solidified lens
oty i STIGHE RAGE A BLEL Al CAI BecU LR S oo Biftatls bR RS, SRS P bate
types thatsareotsableesiiinibe presentinelsinsestssnclotieapin-gaieis: hosd UNDBrgatesand ke
gates. Optionally, a secondary operation can be performed on.the lens which makes use of th
irregulari%cr%sas, Osltljic%u%s %reraoga{%naét:dgéﬁl H8prassid I,B Jhitd Wﬁﬁ%gsg%lﬁ‘é%lﬁ%%ﬁﬁttig}? 5?88?0\?@§f8c§}ﬁ the
lens bodyrdufing e cooipingiqprisdsickor exanipldcthefimaggdaraiea mayhbedncatposatedinte a
mark on trhe lens [sug:h as andorientg [ nimagrk,r.t n jn%/ersign mark, a diagnostic Taar , or a mark for
branding JO020TT She eXanipies Biens [R0Id N K Provited S0Mirevg aald Qeaine aHdts
raised norvuniforid Kgibripsachudsnfonekaimiple]a naiseig pratrusieny pdjectitmminbunppdtidJaised
non-uniform region includes an opening and the fluid channel may be operationally placed in fluid
communication with the opening. The mold insert Wiéh the raised non-uniform region



WO 2011/162958PCT/US2011/039663 can be combined with at least one other mold inset(with or
without additional non-un nu regiontst) to create a lens forming cavity having the raised non-uniform
region formiY§, Pt/ 629 cavity. The raised non-uniform region can be locBfetii241ie9df the mold
insert used to mold a peripheral zone of a lens so that the raised non-uniform region is not part of the
region of the mold insert used to mold an optic zone of a lens, and is spaced away frqm the edge of
the lens. [0021]In another example, an ophthalmic lens is formed from the lens mold insert, mold
section ofdgeld Imembenwith aeedsed nonsumiformblegiomnsosihiatthe llens Iﬁtaamgemrdssh@gm}]riﬁed
thereon i n-unif [ n the in The depression can be located on the
anterior %ﬁﬁ%%ge?%?gs’gﬁagg%f%{%gh%ﬁnﬁfg}lecr@g%geﬁféé}re}gs%qrg%]lﬁgtggqﬁ%eoggﬁs Fal zone of
the forme@verisose that the presence of the depression is not within the optic zone of the lens and thus
ns.a'gge depr ﬁggogréne écgntain all or part.or an

does not ntqgigieoith i Qptcal aualial e dens- The, det :

_ S Ve L HIAss uc1l51£r
irregular area formed on the lens during the mo ling process, for example It may contairrallor art of a
gate witnethalaycctanesin il Grgsannoica vecesifopmddy byarsifig argatdgpin thaldrigsarn atditiomal a
_ e e A in. h area
protrusion, RIQISFHANQLRUMR Rcated R Iis distal 6nd. of, may.contain.all or part of 2 20 Ars,
formed on?.he Iens.:[(gOZZ]In another exampie. the 1ens mo }ﬁstﬁlslncfddﬁespéeﬁlﬁf éhe{)n%%ﬁﬁ N o
opening atthie ¢hided eraiamiforive regfioradanthenmbideihserte e fiuiid bivannelcgeriesias theologation in
the mo'@%@cﬂ%ﬁ%ﬁi%?ﬁﬂ%&%@'Hy%tcz‘é%lg?e%[ 10 J%%}%@%%Q? &%’?P'%-hf%ggg i art ot the.
process of forming an ophthalmic lens body. [0023]In dnother example, the ens mo Insert inc uc_ies a
gat.e pinZathe Ghtepi caisabin thearalsdd ason-griforiregiontosseal thegperingiiidmdurthei fluid
\ . . ) : i e o he distal
flow dutie, LR BIPIIRG RIOSERPoF i dafe Alf eRtienalndlidns,an additionai Riokeetian 21, ie, e
end of We gate pin to project through the opening at the raised non-uniformegion o_ﬁ t nsert
and into Weck gl lRaped cavitgcfoo 2almedtit yetanother @iaimplEcenmethodds. prosideehfar rough
manufaching ARERAAITIGIERS GRTRUSIRG dkertificelion olding an piihaliic s comprising a
depression, the depréssion containing an irregular area fornve duﬁrlng he molding process, a
processiAtfthaiBgmhedsiislibak foitlpaskdging Rtockessing iba nieistepdan includelat least:atienof the
steps of GRIALIGEG BRSMGELANN SEURg, DURING RPSElng, PACARGNG, SIRTIZING, and
combinations thereof In one example. We method of manufacturing an ophthalmic lens does'n
depression in the lens surface is configured (i.e.. sized. shaped, placed or combinations thereof)
to be effective in making the presence of an irregular area more ophthalmically acceptable. and
the raised non-uniform region on the mold insert is configured to form a depression that is
effective in making the presence of an irregular area more ophthalmically acceptable. Further, by
selecting an appropriate gate type. the gate witness can automatically be trimmed. smoothed and
be recessed within the depression without the need for performing any secondary operations on
the cured or solidified lens body in order to provide an ophthalmically acceptably smooth surface
on the lens. Examples of gate types that are usable with the present mold inserts include pin
gates, hot runner gates, and valve gates. Optionally, a secondary operation can be performed on
the lens which makes use of the irregular area, such as a rough area, depression. gate witness. or
combination thereof created in the lens body during the molding process. For example, the
irregular area may be incorporated into a mark on the lens, such as an orientation mark. an
inversion mark, a diagnostic mark. or a mark for branding.
[0020] In one example. a lens mold insert is provided comprising a fluid channel and a
raised non-uniform region, such as, for example, a raised protrusion. projection or bump. The

raised non-uniform region includes an opening and the fluid channel may be operationally placed

in fluid communication with the opening. The mold insert with the raised non-uniform region



WO 2011/162958PCT/US2011/039663 require a further step of treatingirregular area on the lens
Conned during the molding process to make a lens surface more ophthalmically acceptably smooth
after removi@ tHa 6sRM8IMic lens body from the lens-shaped cavity. [002 S HIEHAH 3% etein
provided for manufacturing an ophthalmic lens through direct injection molding. The method comprises
providing a first mold insert comprising a body section: said first mold insert comprising a lens forming
surface, a raised non-uniform region having an opening formed through the lens forming surface, and
a fluid chanrel passinedthvolgh thesbody seetion@ddineiiuidvebnemunicationdditivthe opeoingirplacing
the first mold insert into a mtild block so thatthﬁ lens f rmin.% surface OI,the first mald insert and the

raised nOTRURIEI TGRS o HAIBYS hAS Al ATty g8 Sty A RS HSning eBmpESitibn
through the dlvidichahaehaad the-apavingsgithat anmaundfitherdgnsforntiagnetiipesitioreis o

deposited in the lens-shaped cavity. The method can flintier comprise. the steps of curjng or.setting the
lens forrFAL oRRHBBRTBN 44 o it A2t e FETHBUR R TEARRALY ok tHe e Shapal

cavity. Qpéionallyithemethad eanduthesikorapese aleaninghdhe lpascbagdya exibacting daatesiads.from
the lens body, hydrating the lens body, packaging the lens body. sealing and sterilizing the lens body
in a vial EPblister package, and combinations thereof. [0026]The present disclosure describes an

ophthalmic [@o2 ¢pmprisingddeesnasdrantopuivel sHEface. ia Raglk Curve skirfRee nfl@pticzoneiand a
peripheral zone, wherein a depression comprising a depression bottom surface is located in the

periphersi e Tl dens BB %ith therdepreeign BtbMT Eaase Baetssdl pemierrRiEthiefront
curve suifageLithe hnek cHEve suiface ohthadensdodyand extendssinto thecbulk,etihe lens body.

[0027]The present disclosure also describes a system for producing an ophthalnT.Ic lens through
direct injactH RibIdngnFRETSYSRATCHhPRLas A firderbliiAkRlt (oimpHaF B ooty sedfishi=Said first

mold insget eRppEEINGdhiens dRIMIRdSUItasaINGINCIRG Aréaised PORINKBFMeEImtheviaisethe
non-uniform region having an opening formed through the lens forming surface located within the

non-u redfitif, 4Hs LIt drEm AR pRESiKGThreRigH técHb aY Setifo R RiHA M AYidy comPfuriaation With the

opening B fhespennifeinArgiaN A Meld bleck-farretainingthe firshmaldinsest.and aldeastone
companion lens forming surface so that a lens-shaped cavity is defined by the lens forming surface of

the first FBfGThs&it SIRMAE At BASIERE EoMbAhIHY NS FERHAINY EEHa e e PaHich of tharfiPétmold
insert cqREARING-HKI HSEIRONzate pin having an additional protrusion. projection or bump located on

its distal end, or may contain all or part of a rough area formed on the lens.

[0022]  In another example, the lens mold insert includes a fluid channel which terminates
in an opening at the raised non-uniform region on the mold insert. The fluid channel serves as
the location in the mold insert where a lens forming composition flows into the lens-shaped
cavity as part of the process of forming an ophthalmic lens body.

[0023]  In another example, the lens mold insert includes a gate pin. The gate pin can abut
the raised non-uniform region to seal the opening from further fluid flow during the molding
process. The gate pin optionally includes an additional projection at the distal end of the gate pin
to project through the opening at the raised non-uniform region on the mold insert and into the
lens-shaped cavity.

[0024] In still yet another example, a method is provided for manufacturing an
ophthalmic lens comprising direct injection molding an ophthalmic lens comprising a depression,
the depression containing an irregular area formed during the molding process. and processing
the ophthalmic lens for packaging. Processing is understood to include at least one of the steps
of demolding, delensing, cleaning. extracting. hydrating, inspecting, packaging, sterilizing, and

combinations thereof. In one example, the method of manufacturing an ophthalmic lens does not



WO 2011/162958PCT/US2011/039663 uniform region forming part of the lens-shaped capin
comprising a pin shaft and a pin tip located, at leas( in part, in the fluid channel for dosing the
openingprojBdidthl1/16p98®8] These and other features and advantages of tHRCBESEHLB%eMtion vill
become appreciated as the same become better understood with reference to the specification, claims
and appended drawings. BRIEF DESCRIPTION OFTELE DRAVINGS [0029]FIG. 1 is a schematic
cross-sectional side view of a mold block of an injection molding machine including front and back

curve matdjsee ioRSHA0IONHGr2aisng pariiatexploded é\ézﬁtWeQEH@?j‘cffﬁi&HQﬂﬂiﬂ%l@ﬂfe%hﬂléi Y %%gé‘stiotns
of FIG. 1, which also shows the lens-shaped cavity and (he raised protrusion, flow channel, and gate
pin preséﬂtrﬁ??fﬁea SRk VHOE TR SRR R e b s e B8y é%—&@éﬁéﬁéﬁ&&’@%i@w gphhalmic
ophthalmieensiprasiiaad framsHabassamily of FIG. I.

[0025] A method is herein provided for manufacturing an ophthalmic lens through direct
injection molding. The method comprises providing a first mold insert comprising a body
section: said first mold insert comprising a lens forming surface, a raised non-uniform region
having an opening formed through the lens forming surface, and a fluid channel passing through
the body section and in fluid communication with the opening; placing the first mold insert into a
mold block so that the lens forming surface of the first mold insert and the raised non-uniform
region form part of a lens-shaped cavity: depositing a lens forming composition through the fluid
channel and the opening so that an amount of the lens forming composition is deposited in the
lens-shaped cavity. The method can further comprise the steps of curing or setting the lens
forming composition to form a lens body. and removing the lens body from the lens-shaped
cavity. Optionally, the method can further comprise cleaning the lens body. extracting materials
from the lens body, hydrating the lens body. packaging the lens body. sealing and sterilizing the
lens body in a vial or blister package, and combinations thereof,

[0026]  The present disclosure describes an ophthalmic lens comprising a lens body. a
front curve surface. a back curve surface, an optic zone, and a peripheral zone, wherein a
depression comprising a depression bottom surface is located in the peripheral zone of the lens
body and the depression bottom surface is recessed from either the front curve surface or the
back curve surface of the lens body. and extends into the bulk of the lens body.

[0027]  The present disclosure also describes a system for producing an ophthalmic lens
through direct injection molding. The system comprises a first mold insert comprising a body
section; said first mold insert comprising a lens forming surface including a raised non-uniform
region, the raised non-uniform region having an opening formed through the lens forming
surface located within the non-uniform region. and a fluid channel passing through the body
section and in fluid communication with the opening in the non-uniform region; a mold block for
retaining the first mold insert and at least one companion lens forming surface so that a lens-
shaped cavity is defined by the lens forming surface of the first mold insert and the at least one

companion lens forming surface. the portion of the first mold insert containing the raised non-



[0032]FIG. 4 is a schematic cross-sectional side view of a mold block of an injection molding machine
provided in accordance with the present invention. [0033]FIG. 5 is a flow diagram of a method for
forming an AYAHARIR2I8Rs having a depression from a mold assembly. DERAIS) DESTBERIPTION
[0034]The following disclosure will be primarily directed manufacturing contact lenses, contact lens
mold inserts, and systems for rming contact lens bodies, including manufacturing by direct injection
molding lensing, washing, inspecting, and packaging in blister packs. In certain embodiments, the
present optithalrigitenSemare pydrdget Iensedajneluding silicOnediydrogeltensas: HMoweves; itndill be
appreciated that emb%dirpgnts of the preﬁelﬁt methods, _evicies, and systems ca be used in the
manufactdfihg Al ProcasSng of %‘%ﬁe‘r”tg‘/pees‘gg‘ SPATRAIIE 160Rs N R AL F67 dRampIsS tatneal inlay
lenses and [00@8]lens@hese [0035]iReféringrandafHehidga schématiesvievinotatimold idissembly |
having a mold.block 10 for direg:t in'eigonm%%%in. ofc?eh almic lenses is shown, which comprises a.
ol IGHEPLS D A1 G S RO A Ve By BET O P BTGt SEEOR 1 for
forming aspantediariensgssurface of a contact lens. The back curve mold section 14 is formed WO
2011/162958PCT/US2011/039663 with an optical quality lens forming surfacemachining and polishing

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] FIG. 1 is a schematic cross-sectional side view of a mold block of an injection
molding machine including front and back curve mold sections.

[0030] FIG. 2 is a partial exploded view of the front and back curve mold sections of
FIG. 1, which also shows the lens-shaped cavity and the raised protrusion, flow channel. and
gate pin present in the back curve mold section.

[0031] FIG. 3 is a cross-sectional side view of an ophthalmic lens produced from the
assembly of FIG. 1.

[0032] FIG. 4 is a schematic cross-sectional side view of a mold block of an injection
molding machine provided in accordance with the present invention.

[0033] FIG. 5 is a flow diagram of a method for forming an ophthalmic lens having a

depression from a mold assembly.

DETAILED DESCRIPTION

[0034]  The following disclosure will be primarily directed to contact lenses, methods of
manufacturing contact lenses, contact lens mold inserts. and systems for forming contact lens
bodies, including manufacturing by direct injection molding, delensing, washing, inspecting. and
packaging in blister packs. In certain embodiments, the present ophthalmic lenses are hydrogel
lenses, including silicone hydrogel lenses. However, it will be appreciated that embodiments of
the present methods, devices, and systems can be used in the manufacturing and processing of
other types of ophthalmic lenses, such as, for example. corneal inlay lenses and onlay lenses.

[0035] Referring now to FIG. 1. a schematic view of a mold assembly 1 having a mold
block 10 for direct injection molding of ophthalmic lenses is shown, which comprises a mold
plate 12 having an integrally formed back curve cavity section or back curve mold section 14 for

forming an anterior lens surface of a contact lens. The back curve mold section 14 is formed
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in the art. For example, the mold plate 12 mayiast molded and subsequently machined and polished to
form the lens forming surface and exterior features for mounting within the mold assembly. Optionally,
the back cuVWe AMdldle¥on 14 is separately fabricated, i.e., a mold insert, BRd/US2HAIB3N¢A the mold
plate 12 when installed therewith. Still optionally, the mold plate and the mold section are machined
from whole material stocks, such as from a plastic stock or from a metal stock, including an atstock. In
another embodiment, a plastic mold insert is first formed by injection molding and then optionally
subsequentapalishead qanlditorn madhineddafdinethedens formind suntaced Thé inald assembiyddis

configured for direct injection of a lens forming.composition intq the mold cavity using a gmcgin tion of
oresourd aE dHou i, SOUTELS, (RIS R i B et e Bt Ko E33 03 e
contentgofiviteithoaferexgiedshy inaanpgratethbereid byteelareacardAsitusisatech invHtGin2ha raised

non-uniform region 54 such as a protrusion, prajection qr.bump is present.on the lens forming surface
of the DAL MBS SRS R 4 TR B S en Yoy Sorfol (B for
a periphgtahzens ofadens bedy pretherembodialealshdhavidisestinapnitorm tegion b4leamhe
located aon the front curve mold sectign 16, or a plurality of raised non-uniform regions 54 can be

located BI5 SHMErHTE Yarie DeRIRREIH QBHBRE NS H SHRCTrvETh SR SURHON 2FEC 5FSH BbtPIRE back

curve mplgkgestion L pagnhedraohtuive meld seciontks.d0B36]AmOle pnembeio L6 nith an ptically
finished convex surface is mated with the mold section 14 and forms. a F ns-:}hapeg cavijty 18
therebetWEBF WhidieRaR AR By A4 &mcaﬂmgﬁéabésm%méaéﬁ%ﬂ%‘%&?&% r'6%nd

the optigak ceRsavensase tthemldrserctiand4bln ong examplesdhemaldseetiand4¢ is magdesfrom a
metal rnate.nal. such as from aluminum, stainless steel, or a ferrous material and the mold member 16

is made RBRINE SRBRETHSILIHP SRcMAl GRUFHBAR RS B HHRA RtREE Radiy SHIETE A g ity
withstanghgvaGyatienQf tagilensrshapedisavity, esfuphiendescibed elewy. {8A2AIA ensHRiming
composition from_a material source or container 20 may be injected into the lens-shaped cavity 18

| Yy
using a PURHSS tepiRnEEEheatar tRITEEFEHE 4 P8¢ Whidhithert fioWrs (RPBUYGH SR FESHEr 26
and out §Utesﬂé‘ﬁea§%$9ﬁ§t¥ﬁ9i@it6?oﬁf&ﬂéhQfﬁ@fzﬁiﬁi%@eﬂ%ﬁt'%ﬂ&iﬂ“%@@&%iﬁ‘g 18:fAcchgckyvalue 23

may be incorporated to prevent unwanted reverse fluid flow back into the material source, An arca can
be provid¥ytaHBIEXHA ekTs Finiing @WhfpdstiBhTPBaded fhdle tHEIGssSHaPRY vty REVar
filled. IngApuii-aaxibe WQ RA1HIE2958MCT A4HH1h 039663 injQeliapassenil e thenspnigidbe
connects to other runners (not shimfor dire&1 into ) o " )

located on the front curve mold section 16, or a plurality of raised non-uniform regions 54 can be

located on either the back curve mold section 14, the front curve mold section 16. or on both the

back curve mold section 14 and the front curve mold section 16.

[0036] A mold member 16 with an optically finished convex surface is mated with the
mold section 14 and forms a lens-shaped cavity 18 therebetween, which is defined by the
optically finished convex surface of the mold member 16 and the optical quality concave surface
of the mold section 14. In one example. the mold section 14 is made from a metal material, such
as from aluminum, stainless steel, or a ferrous material and the mold member 16 is made from a
plastic material, such as clear polystyrene or polyurethane having sufficient rigidity to withsiand
evacuation of the lens-shaped cavity, as further described below.

[0037] A lens forming composition from a material source or container 20 may be
injected into the lens-shaped cavity 18 using a pump 22 to pump the material through the sprue
24, which then flows through the runner 26 and out the gate 28 located at the end thereof and
into the lens-shaped cavity 18. A check valve 23 may be incorporated to prevent unwanted
reverse fluid flow back into the material source. An area can be provided to hold extra lens

forming composition in cases where the lens-shaped cavity is over filled. In a multi-cavity
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other lens cavities (not shown). In the example shown. the lens forming compositionbe a silicone
hydrogel lens forming composition, such as, for example, a silicone hydrogel contact lens
.polymerizaB¥€ @8hhideX1i®n or a silicone hydrogel contact lens reactive polyfhdESatle/E¥a¢dosition. In
a particular example, he silicone hydrogel contact lens forming composition can comprise at least
about 20% by weight of one or more silicone macromer, such as a reactive fluoro-containing aeryloyl
silicone macromerat least about 45% by weight of one or more non-silicon containing monomer
compositiger;t suchssseb hydhephirie id yecor daming imonomers amashyliennimatitert anection into
acrylate-fgnctionalize(%l.e;h, Ietn oxide qliq?mer._ or For?binati%nslthgrgof; and oPtiorJetlII di[ue%rtnor
non-reactive e%‘%rsa%?ébigbc(okr%p%r?éhﬁ%, ‘fornefgr%‘rlléng 63 }%nglen% oxide Sitilsne extractabie’to e|f3ionent.
In a morglspeeific éropddienertbrthmgiiocanediyidrogetiens foimingrgdmpositiotmedmprises contact

u-o-bis(methaeryloyloxyethyl ethyloxypropyl)-poly(di methyl s iloxan €)-poly . . .

(ioro BB RS By bt enoIEh ey GRS AER TG Agcctive polymeriziable
N-vinyl-Nompthitiacetamideametind srathslerylates anchtrigtyleoe @lyeek dimetoasiylatenipherdens
forming compositions, such gs thoqsg/,displqs,e in previously incorporated '551 application, may be
used witHout HRAAHY i?é‘hﬂ %%%“ém‘?itea‘h‘d‘%% 5PEUrthe ProuReiSeisIRE Ib3s RS BXethidle, the
depositign&ablessmatieriat inteyihallens-shaj-dacditatedbyeasvasuum saurewwhichomaye ke awacuum
pump 30 located remotely from the mold plateThe vacuum pump 10, and the lens-shaped cavity 18 are
it with, JHEAGTRBICYY H VAR S YRS P BSS e T oD AsBE BRI BORISH 4% TRt pYSEs
betweenthednald sastiond4 anddhe melainoenaardsd fornravidingia apdmebeiweemsaigiwa
elements. When vacuum is Provided to the channel portion 34. lens material in the runner 26 is

automatiBSiR? draih SRACHE e ALl HapREBAE B B T The B e SSTR BB AtdY by i auum in

the lenspefipnrdicavityidehglaey W Ressurealpedarcemthenneldpmne mben d&dimpressagainsithe
back curve cavity portion 14 to Ginn a tight perimeter around the Iens-sh%Ped cavity 18. Alternatively

or in addRiREREriAd; NS TRATAN AN BB FOpUYited by Poditve Presslire erehate By & istmp 22.
[0039]A driyR eYhRghen) 36 IWRich-mal ke alingar Mot & HsRIBSS N1eth catieepb (P G) metpsxa-linear
synchronoufs mq}or, a Ijnear dri\{e, a Iipe,ar servo. or an _9t_uator f\_o{r chan, ing .
poly(ethyleneglycol)propylmethylsiloxane). N-vinyl-N-methylacetamide, “methyl methacrylate,
and triethylene glycol dimethacrylate. Other lens forming compositions, such as those disclosed
in previously incorporated *553 application. may be used without deviating from the spirit and
scope of the present disclosure.

[0038] In one example, the deposition of lens material into the lens-shaped cavity 18 is
facilitated by a vacuum source, which may be a vacuum pump 30 located remotely from the
mold plate 12. The vacuum pump 30 and the lens-shaped cavity 18 are in fluid communication
with one another via a vacuum channel 32, which comprises a channel portion 34 that passes
between the mold section 14 and the mold member 16 for providing a vacuum between said two
elements. When vacuum is provided to the channel portion 34, lens material in the runner 26 is

- automatically drawn into the lens-shaped cavity 18 due to the lower pressure created by the
vacuum in the lens-shaped cavity. The vacuum pressure also forces the mold member 16 to
press against the back curve cavity portion 14 to form a tight perimeter around the lens-shaped
cavity 18. Alternatively or in addition thereto, lens material may be deposited by positive
pressure generated by the pump 22.

[0039] A drive cylinder 36, which may be a linear motor. a brushless direct current (DC)
motor, a linear synchronous motor, a linear drive, a linear servo. or an actuator for changing

rotary motion to linear actuation of the gate pin 38, is incorporated for opening and closing the
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rotary motion to linear actuation of the gate pin 38, is incorporated for opening and closing the WO
2011/162958PCT/US2011/039663 gate 28. During an injection cycle, the drive cylinder 36 is activated
to Pft or retr¥@ ELAR?38 from the gate 28, which opens into the lens-shapBaTeE1 VE398¢ter a
sufficient lens forming composition is deposited into the lens-shaped cavity 18 through the open gate,
the drive cylinder 36 is activated to push the tip of the gate pin 38 against the scat at the gate 28 to
close the gate and the opening of the lens-shaped cavity, as further discussed below. [0040] In the
examplegiltastBaté&rirmElG. ihjaetinliraviblethigit sooytedi® & psovideddd ouné lensfionminggate pin
polymeriziable composition contained in the lens-shaped cavity. The mold member.16 is therefore
UnGerstoi B4 ATE o LA AN 1 e TS0 18 P At St T i o e
mold meemRebibite polymeiizenthedgnsifiottriing peljmerizatte compositibnougingh)vplightate. the
Alternatiyely or |n addition thereto. We mold plate 12 ngll r the mold section 14 he equipped with
heating é{gﬁg ﬁa\’(gjtn bw )150?%5%%%%05%% gf“%o nﬁég%é%%eealﬂu‘)l ' ltéta geegfng?g}}ﬁﬁ;} 's""tgoeO
thermallylpalymersize 1he lensformingr padysisrizablel campoaitidnththeiasssmblytherefore can operate
to polymeri Bﬁe}lens forming polymerizable compagsition to produce ophthalmic |enses using either a
light sourceﬁc\cg rmal SO e Homca Bﬂf@%ﬂ@?&?’d L%Pﬂ%%%?éé%&l@%ﬁi\?@lﬁ glloe‘ﬁé%%o%ing
reactive iy regtizinehrempositionziabla lensfermingdgalymed compokitioshepadoeaused, Bind thedise of
polymerizing radiation can be omitted. [0041]An ejector pin assembLy 44 comprising.an ejector rod or
pin 46 cAXBEFrA0ide i3 RGN 8?% ffSM ﬁé?ﬁigcﬂ%ﬁ% H%di’&%&%&ﬁ % after'the
lens matesialpelymetizesiensalidifies ihedejestepinvassembhedAiseonfigiresite goveithe gjector

pin forward (to the left of FIG. I) to separate the mold member 16. Thus, the ejector pin assembly 44
e 2 el 2 ot Shdn

has a lifedRHVRM&SHEnIdN Sitilar Heimatiimie & imdarse sy tisdadit Bilice (
may alsenbriuseddn cambinatiopgwithdheseipatestpin assemibly 4 io preajathevacuomigenerated by
the vacuum pump source 30. The air source (not shown) may connectL? the air_passiﬁge 48 f% med
through BRa' Ao ke 13 rbetarith eeHrvebiiThal i I HRHBR tnd We BEERC BRETBIH Sction
14. [0042)Retaiiog. noweteskdfab R imadaifontodpkeard ranpanlatged partialcrassmsegionat sideview of
the mold sectig.n,lG, back curve mol s,ectjon 14L,and\g€Ee pin §38“is showr‘g A\;:ﬂiql channel 50 is
incorporsRBtPAT HHE BRI IR KBIHHSER WHBEHTBURIES & Hat 6 18H RN ESmPoRTivA to
flow intojthe lepsrebaped eavityridviadheopanngatthe gateids, Thediid ehannel pOIcomprises a
diameter that is larger than the diameter e pin 38 to enable R ..
composition, or a lens forming polymer composition can be used, and the use of polymerizing
radiation can be omitted.

[0041]  An ejector pin assembly 44 comprising an ejector rod or pin 46 can be provided to
eject the mold member 16 from the back curve mold section 14 after the lens material
polymerizes or solidifies. The ejector pin assembly 44 is configured to drive the ejector pin
forward (to the left of FIG. 1) to separate the mold member 16. Thus, the ejector pin assembly
44 has a linear drive mechanism similar to the drive cylinder 36. A pressurized air source (not
shown) may also be used in combination with the ejector pin assembly 44 to break the vacuum
generated by the vacuum pump source 30. The air source (not shown) may connect to the air
passage 48 formed through the mold plate 12 and terminate between the mold member and the
back curve mold section 14.

[0042] Referring now to FIG. 2 in addition to FIG. 1, an enlarged partial cross-sectional
side view of the mold section 16. back curve mold section 14, and gate pin 38 is shown. A fluid
channel 50 is incorporated in the back curve mold section 14 and provides a path for lens

forming composition to flow into the lens-shaped cavity 18 via the opening at the gate 28. The

fluid channel 50 comprises a diameter that is larger than the diameter of the gate pin 38 to enable
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WO 2011/162958PCT/US2011/039663 fluid flow around the annular space between the two. In one
example, the diameter of the fluid channel is about | .3 times to about 8 times larger than the diameter
of the gate pHP3811/142383] The gate 28 projects outwardly from the hack REFFEUSAHAEB%NI30f the mold
section 14 and embodies a partially rounded raised non-uniform region 54 haying an opening 56
formed on the back curve surface. Internally of the fluid channel 50, a curved seat surface 58 is
provided for mating against a corresponding curved seat surface 60 located at- the distal end of the
gate pinfB8d Thevdisiahénbkafthe gateapinbiurtben domprisekh amadditiopial protiusien:onprajefition 62
configured to project into the openingn the raised non-uniform region 54. When the gate pin 38 is
activatet 8 AVAAC8 K HEReS IEMHG O e %8%%@%&8 B06 2 5 dHePdistal end of the gate
pin projectg0043he opening:oa K sentdhepetimeater b thelepeniRgdion faithe Ispsdormingold
composition flow from the fluid channe| 50. The projection on the gate pin 62 is configured to cut off
e lono 5 MO P AR TR BB VRS 18 ROr B ERRHORRTAG e
compositignsuppihdosatedin thefiuick chanel 150 o A funitigrediscus sed belovedhisieffectiveds reduces
and possibly eliminates_any patential gate witness from limning an the cured ophthalmic lens., .
AlternatiVa) el BrJJECE3IBH the Gt i 38 CAR Bb SiinTHEE4 And hdsoade EHaloF thegate
pin 38 caw ab the eBrvathsertisldace folseahtheppaningrSéwikie ihe raiskdonan pepifasroegion
54, [0044]The present apparatus and system is therefore understood to include a lens-shaped cavity
18 formBEPIRCH N BRIEREBG Sh e ity HEBEmBIYN Esnptsid WA ok Sifffot
region S¢ thatdefings pargat theilenstshapesheavity dnpafuihepaxapplerefthe psesentapra@ius

and system, an opening 56 is formed on the non-uniform region 54 located on a concave lens forming

surface & Ut fhe ASISAAHAY Hif QP Y Pk thdpiexEin e Brhe Bridsart! dppAHinE Ehd byltem, a

fluid chapaglROfis forme iNa MelkhsectiompdsanchtasRimaigstat theideRuAfosm regiopofcfibe fluid
channel 50 and the lens-shaped cavity 18 are in fluid communication with one another via the opening
56 formetl thetBR HBHLRifSIRYPEGISAER. i@ HParatss Aistnm RIBSSEbIALIish 1 dBifShsing 3

lens forRyng-gudage P2 i rRIgRAARNUAMRN JedianiBid faiping prAQf theHemmformingurtaceH2 an
opening 56 formed in or on the non-uniform region 54, an%a fluid channel 50 in fluid comqu ion la the

g
opening &850 sUE TS 30 WS cHBTSHELIBE- <8 dHEmar8tid ViaW b SHBRHE e POHLBA! téfied by
the injectipR-RaldinaappaRbssandunRatbpr Rl e 3k andthe.aphthalviglgesia 62 on the gate

pin 38 can be eliminated and the rounded end of the gate pin 38 can abut the curved seat surface
58 to seal the opening 56 within the raised non-uniform region 54.

[0044]  The present apparatus and system is therefore understood to include a lens-shaped
cavity 18 formed in a mold block 10 of an injection molding assembly 1 comprising a raised
non-uniform region 54 that defines part of the lens-shaped cavity. In a further example of the
present apparatus and system, an opening 56 is formed on the non-uniform region 54 located on
a concave lens forming surface 52 of the lens-shaped cavity. In a still further example of the
present apparatus and system, a fluid channel 50 is formed in a mold section 14 and terminates at
the non-uniform region 54. The fluid channel 50 and the lens-shaped cavity 18 are in fluid
communication with one another via the opening 56 formed in the non-uniform region 54. The
apparatus also includes a mold section 14 comprising a lens forming surface 52, a raised non-
uniform region 54 forming part of the lens forming surface 52, an opening 56 formed in or on the
non-uniform region 54, and a fluid channel 50 in fluid communication with the opening 56.

[0045] FIG. 3 is a schematic cross-sectional side view of an ophthalmic lens 64 formed
by the injection molding apparatus and method of FIGs. | and 2. The ophthalmic lens 64

comprises a front surface 66 and a back surface 72 having an optical zone 68 and a peripheral
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comprises a front surface 66 and a back surface 72 having an optical zone 68 and a peripheral WO
2011/162958PCT/US2011/039663 zone 70 as understood in the art. A depression 74 is located in the
peripheral ZBE2901d62PF8 formed as a negative of the raised partially round®dTBsidifEAediegion 54
(FIG. 2) of the back curve mold section 14. The depression 74 extends patrtially into the bulk of the
lens body or lens thicicncss 76 of th.e ophthalmic lens and has a depression bottom surface 78 that is
below the front curve surface 66. The depth of the depression (not shown) is therefore less than the
thicknessoat the ensmdéWeolbcatibe afithe depression7Asssiuchicd igatie: Witinhssa80pifcany ativhids
formed when the gate closes during. the injection molding process, is hidden within the depression 74
and 1t CBBBFO hGHEE G0 SO BET DRI HE s BCH e B Bt oph RS I o4
Howeveguby using dheigateipimidSdepfelsion, Hhegatd wyitnessy8a s tuininlizet kntkmay éven lembody

a recess within the depression 74. In the event a gate witness is formed that pyojects.upwardly, from
tho dopiBSaER oot ohrERR TEED oty BT (g & et SUr8 pRorEasr dEh as
by ablatignit withea Jagetoia wanelengih thatis ahserbadibynthesholymes usedt forforensthieatense
Siniilarlv, any other irregular area formed on the lens surface near the location of tg?/ve ate, ﬁ\UCh as,
For exaMBiENeTeddas ]Foﬂglﬁea}%%ﬁué)gnogéhﬁi%@ﬁ%‘i’ﬁim REWEpFeSUion P AR 1ttﬁ%n’?r‘o FEitve
surtlice Gnipdotharexamples, tesdeptessionhid eascherforwiien siecbackicurueisurfataid 2itand the
irregular area can be hidden within the depression 74 belgw the back curve surface 72.r%)6046 Thus,
the pres@i TR AR R ST hBIR A i a8 & RN achOR A oM Bt it
combing iademmi IRAS-shaped cavity, withaingninifemi yegon,SUEtas ferexarmplana saiseds
protrusion. projection or bump formed in the convex lens 'forming, surface, the concave lens forming

surface "BHBIAERARKRAYiRY SUFARELYOR fheSHioN BELHHISREF ISR herlibllE FESHithEA thibness

lens-shaped sVt IRrHISHAY themeld sestion.andtiaimplsbrembarhaving pna-Qr sparsepressions,
the one or more depressions being the negative image of the non-uniform region on a mold insert
used to THBIPHFEISHEBAIRO Thedte RRSRDISU TR NSRBI rEgioN 18 [BRitel DIV A EbHekvE 8ide of the

lens-shapegksayity- di: FAOERRKE examplesthamoniniormJegianistacated Lmasenvenside ofitbe
lens-shaped cavity. In yet another example, a non-uniform region is located on bﬁ#bthe concaye side

0
and the EBAVEX & BA HRCIEHL LR SEA CaRitY: Mo anth ey ERBInple e nUn itfo T tegidn"
cr:)mprim%i@efaiﬁ%wgi?n d@@fe@fl?l{ﬁud$st@[oﬁfoiﬁ§t$rﬂﬁ?waﬁﬁl¥ fg@fﬂa&lafe@ rmedamvl%aqféf@ge{m from
the curved concave surface. In still yet another example, the non-uniform region is located along a
poriphorPSSAEB 1 16 R JREREH Va8 AU e EEBFocu N T GEFEY heark T Torh FSon i
located i@V 403:E6L020PBPITMUBRPAL/ 038663 FrtiphEral zone of an ophthalmic lens that forms

from a lens fdrming composition ineued intg the lens-shaped cavity. The dep‘ression may Qe located in
the periphet3P48he of thes HERLEGTRACA M PRABMEIAE B B Ihe BERCSUTSE S PP e Zone
of both thei frini suetaser ang thenbackisuritea inthenpedvrogrized iens 04 lthe presentmathods
further include the steps of forming a depression in an ophthalmic IEns, the iﬁpression comprising a

depressiBh® SRR (YL FUS/ QR e REUGCH B ¥ BYERS MRS H AP SRy As U Feviin e fens
exterior gurtace £an 8 asuivedsplanar surkace Rhihelensdranteurversudase orefibe leasheick
curve surface. In a particular embodiment, the.depression is created by forming raisia non-gfniform
region oHTRSHOFHNBR Br WOl RISHBET LB A AT fhe fing ShesFalielt REm LAt FRGTER
protrudifgvigreiecting drialapensishaped cavity defirredebye thie maldimser asghthe noidsectian, and
depositina lens forming.composiEi ghi,nt_o the l%r:s-shaﬁﬁg ci\éitylﬁio greaie a negative of ttpe |
non-unifSHPEgich &%Q%@ﬁa%é%g EHOUY FhE b Ean Turther in ]h&@ea%b‘i‘f@&%ﬁ)nt ot 4%Y4te pin
so that the fipreftae gatel pinrebuts the morusiterst regienstehalase divid,commumicationhetwess a

Fluid channel containing lens forming composition and the lens-shaped cavity. Thus, any gate witness
tha ma OTH A8 E LEBIBS: S rBcBaT HGING ookt i BE HGdEh Reidd e Heraiion

example, a non-uniform region is located on both the concave side and the convex side of the
lens-shaped cavity. In yet another example, the non-uniform region comprises a raised region
that protrudes or projects upwardly from the curved convex surface or from the curved concave

surface. In still yet another example, the non-uniform region is located along a peripheral zone

of the lens-shaped cavity so that the depression formed by the non-uniform region is located in a

,;_..\
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[0048]The present invention further relates to manipulation of the gatL wlTncss or remnant of the gate
witness if, for example, it has been ablated by a laser, The invention also tes to ntanipulation of the
depression BrEYhbkeaiRIns of the depression, the gate witness, and the re RAENE20bYERa¢Aple, the
depression, the gate witness, and/or the remnant may be used as, or incorporated into, an orientation
mark for a tonelens. The depression, the gate witness, and/or the remnant may also be used as or
incorporated into an information mark, a diagnostic mark, an inversion mark, a branding rnark, another
type of mariherat amkiindtiondhetedh i T hend ejre §sion, filvengatenwitmess,canafgothieore mrattdnay
further b u?ed gfg)ag of z;\tsfhap}? ords%mbpl indica@_tige fam nufa—i\cturgr.' brapd or m?rﬁi front
[0049]Aéc%r§fﬁsgb}) € 5?é§éht metho ,rgﬁbb%?aiﬁa‘sﬁ and gyc/'% Bm A h}fdpoté@ 1gcr)antazgtnleer?s, m%luréfl:ﬁg a
silicone hytioaeheprigdidensois priodladeditBrotigh. diregtorgiting anckwheoeinttherfromuectirueasidrface,
the back.curve surface o g\oth he front curve surface and the back curve surface of the lens has a
depressfgﬁul‘l’aﬁ}éféﬁﬂﬁ?h?r{ p ep%?ﬁéﬁ}eet’é?%ﬁ “of the lens. The present method, apparatus, and system
further inclyg@4TPvisions fprsimulianiealisiyitjecting @lplualityepf lenSaavitie inleprasdtbeavityrmold.

The lenses produced theref om each comprise a WO 2011/162958P( T/U[?2011/0396§%*de ression
formect GTATABR el Sl 8- THE bR BT & ASREE EP Bt e WM ol Sees LHAThY back
curve susiacexefitbe Jenscd000601H4. Heisia sehamaticierossweational side vievedbamold:gection or
mold bl%}%le( ?e%s front curve surface or of the lens back curve surface. In a particular embodiment, the
depression is created by forming a raised non-uniform region on the mold insert or mold member
used to mold the lens, the raised non-uniform region protruding or projecting into a lens-shaped
cavity defined by the mold insert and the mold section, and depositing lens forming composition
into the lens-shaped cavity to create a negative of the non-uniform region on a surface of the lens
body. The method can further include application of a gate pin so that the tip of the gate pin
abuts the non-uniform region to close fluid communication between a fluid channel containing
lens forming composition and the lens-shaped cavity. Thus, any gate witness that may form as a
bi-product of the injection molding process can be hidden inside the depression.

[0048] The present invention further relates to manipulation of the gate witness or
remnant of the gate witness if. for example, it has been ablated by a laser. The invention also
relates to manipulation of the depression or combinations of the depression, the gate witness. and
the remnant. For example, the depression, the gate witness, and/or the remnant may be used as,
or incorporated into, an orientation mark for a toric lens. The depression. the gate witness,
and/or the remnant may also be used as or incorporated into an information mark, a diagnostic
mark, an inversion mark. a branding mark. another type of mark, or combination thereof. The
depression, the gate witness, and/or the remnant may further be used as part of a shape or symbol
indicative of a manufacturer’s brand or mark.

[0049]  According to the present method, apparatus, and system, a hydrogel contact lens,
including a silicone hydrogel contact lens, is produced through direct injection molding and
wherein the front curve surface, the back curve surface or both the front curve surface and the
back curve surface of the lens has a depression located within a peripheral zone of the lens. The
present method, apparatus, and system further include provisions for simultaneously injecting a

plurality of lens cavities in a multi-cavity mold. The lenses produced therefrom each comprise a
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of an injection molding machine provided in accordance with the present invention. Broadly speaking,
the mold block 82 comprises an upper mold plate 84 and an upper retaining plate 86 for retaining a
front curve IWS&ROBBIAHTS lower mold plate 90 and lower retaining plate 92F6Tfetad i ¥ &Back curve
insert 94. Further discussions of the mold block 82 are discussed in U.S. Pat. No. 5,982.682, which
are expressly incorporated herein by reference. [0051]The front curve insert 88 has an optical quality
concave surface front curve surface of an ophthalmic lens. The back curve insert 94 has an optical

quality coferexssisiaterfedfonmingea backcurvesuriace af afcophthalmie lensaddhe frontand bagk
curve inserts 88, 94 to%ﬁi}é%r defines a Iens-shapﬁg igvjty 95 for forming an ophthalmic lens. As
shown, tHe Font tdtve’ B REBaCR' &R INSelt 4, or both inserts may be modified to

incorporate JaE8OJpin 96(08. the gatenio S6R&mayhe altacheddoAskivecylnder (ot shewmoin the
manner and fashion.discussed above with reference to FIG. I. Further discussions below with

reference’ta®Bri@/BF HHE HatE! P38 Hie Ritaitrstobtides AspRFEdtiAly 16 iHesethdr Gt pi-1 fgadly
[0052]A flsishehanned AQ0EHserndsdhagate pin GHanshisdnp fiidsaommanicasianwithitheplate 86
lens-shaped cavity 95 via an opening at the end of the gate 102. As shown, the fluid channel 100
passes tHRUGHHNBSToRP S G4 BE &R 38D ArtrThE Aty Plaeddo Wer satiP B BGHmTents! the

fluid changel@lse PassestRrouaRPatL of the loWREMlchRIate R0y AFIRRRIY Oh I Gisbudstaised S,
non-uniform region is incorporated at the end of the fluid channel 100 and projects into the

lens-shapél S8vity™§5: 0PRuE 8 _ERER ST A PR HAIBUNE §A¥8R94 has a non-uniform region
formed therqoin#at forms pafkolibe lensshapagcayibpdpiemnaiotihefuidghanngl 100 fne a

frustro-conical seat surface 104 is provided for mating against a corresponding frusto-conical surface
located at'fHé CHEYSIHAGT tha oRREIBYE [athe diifdcelseatednarthé distalemeri6RHHEGAYECHIN D6 can
take many,farmso NeHAIRG Puidotlimuted 1o frustig-canical flat-aad eylindrical, Jhaliend-y onanysother

shape forming a seal between the opening between the fluid channel 100 and the lens-shaped cavity.
Optionall§Sttie dRSEAPETHDM et Pilfeah SRS pordRs EPFOfCHD PSR folthE projebrvi 6Dof
FIG. 2. for projesting.threggh therqpering afihe gate torserl the-enaning-andsHE o fivid, flowafrom the

fluid channel and the lens-shaped cavity 95. The projection on the end of the gate pin 96 can also
take mar§AtVi209/ PR 6 08 T IS 201450305 67 fatisrichdRiding Bt B OHATIteW tEIRustn Bnghe

cylindricahatiad 6RE"t-9hBRYIAINRE&NaRs OXmIRgaseal beveen therapgping Retweesn tbe fluid
channel IOU and the lens-shaped cavia/é The location of the gate corresponds to a peripheral zone of

an ophthSRIENER AT fIrihs ronPire TRt smsisedccsvity RBlermRIScHb B, (05 SR aHbHSer example.
the seat intejpgBgpf the fiuid ehanneli YOGS RAEONR gHRASH 96 and is in fluid communication with

the lens-shaped cavity 95 via an opening at the end of the gate 102. As shown, the fluid channel
100 passes through the mold insert 94 as well as part of the retaining plate 92. In other
embodiments. the fluid channel also passes through part of the lower mold plate 90. As with the
assembly of FIG. 1, a raised non-uniform region is incorporated at the end of the fluid channel
100 and projects into the lens-shaped cavity 95. Thus. the convex surface of the back curve
insert 94 has a non-uniform region formed thereon that forms part of the lens-shaped cavity.
Internally of the fluid channel 100, a frustro-conical seat surface 104 is provided for mating
against a corresponding frusto-conical surface located at the distal end of the gate pin 96. The
surface located at the distal end of the gate pin 96 can take many forms, including but not limited
to frustro-conical. flat end cylindrical, “ball end”, or any other shape forming a seal between the
opening between the fluid channel 100 and the lens-shaped cavity. Optionally, the distal end of
the gate pin can incorporate a projection. similar to the projection 62 of FIG. 2. for projecting
through the opening at the gate to seal the opening and cut off fluid flow from the fluid channel

and the lens-shaped cavity 95. The projection on the end of the gate pin 96 can also take many
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with a cone top section removed to form an opening. The tip of the gate pin 96 has a corresponding
cone shape for seating against the internal seat. Thus, when the gate pin 96 is activated to close the
gate, the tipVWPtHE YHIOPin is configured to enter the opening and into the |@&J-E3PHEA oty O5.
Thus, when an ophthalmic lens forms from the disclosed mold block 82 cures, a depression having a
cone shaped recess is formed in the peripheral zone of the lens. The present mold block 82
demonstrates the ability to form an ophthalmic lens comprising a depression on the front curve
surface fthehaakicdive surfacdiafitbé ophthalmicténs, Gnbath.Wheinieakinbié! depressiemyisdesired,
either th(reqfron curve insgrtl 8 or the _Pack curvgé:gnfl urgd \ﬁithda\ olid Pq% se timn ?1#[' ., without a
fluid charfiey, HE R SnEoUSTEHS %5%&%%“%“ fAce Without a raised non-uniform reeglgln? [ gﬁnglG. 5
is a schematic Tiew chaididepibtingta cathpdiios forningpaarophthabiiimleplsti06 pravidedidorms
accordance with the present disclosure. The method comprises a mold insert forming step 108. in

particuldFOR fir€t ST HSE £33 Horhsat WA LI5S forming surface, a fluid channel formed through, at

least in parfotesfirst molddasertandpierminates in@-faisedmanuniforenaiegionbaving aorepgaing that
s part of a Fc))fate for lens forming composition flow. The opening resides alon} or in-line Véi h the lens

forming St & SBSHAP WREHC A BRI 18HE idhiaeturdd Udig the FrsttoRd IndBridhé raised

non-uniferm JEgamWIthRPaNipg forusandeprassionwithinhesperipheial zoee afdhadlens [@0$5]The
first mold insert is then installed in a mold block of an injection molding machine along with a second

mold ingEHYiedep HOSCTE SaCoHH MBIaliH AR RS SS Y ISP RING LLFaREHEH (LS

inserts a¢gspipEteaeiRerinsidea mald Rlosknthedwolinsausmdefiog aleasssbaneehervitiock 82
therehetween, in one example, the first mold insert has a convex lens forming surface for forming a

back cuFVEESFRACBETIHAIHRY IBAS SANSOIRSH asstrble [ara g4t HeIBSHRRFH &S Qs fens forming

surface farforming & fieek cervashanepbthalmiglans. « [9986]kensfomming.campasitioniisihen
made to flow through the fluid channel of the first mold insert and out thr% the opening aéthe gate

at step HEDICRTIGRSBXAMBINHHETENS s 2BE1PRBD SEERCHISD 601 15398832 iimifigcdmpoition
may be fressyrizedang allowsdstacpwithraughribefisid-channeb 3 aopthehexatple, thedensforming
composltion may be heated and allowed to tiow through the fluid channel, The two mold inserts can be

provided WisWEALEidt ettt RUBSFOID Sledts o HRAIhaatil! thRABKS- Shdp § YoV WhigA can

prevent Rrangk lensreatenialiigwaidyacuuUmisaiGedRay optionally be used to pull lens forming
composition into the lens-shaped cavity. In a particular embodimeni},&tge‘le s forming g{g&]gosiﬂon is

injected rodAPRMhperhilre aiidtis SBEEHL RN QR ARUIT R Sy RS [as HAE G H'Bow, in
anotherjgxamplefheilens formingiearapesitiands haatedifiermstieomtampriatide denphoust 256ote about
145C in the barrel section of the lens injection assembly before bein irg‘ected into the lens-shaped

cavity. TRETepBRETERd Whidh BRE A fSriHiHg O thposition R Rk ts e len de BHN AL Bifferthings.
the partigylacEamprsiiapdsestor, thiadensformingcampeasiionsert and terminates in a raised non-

uniform region having an opening that forms part of a gate for lens forming composition flow.
The opening resides along or in-line with the lens forming surface so that when an ophthalmic
lens is manufactured using the first mold insert. the raised non-uniform region with the opening
forms a depression within the peripheral zone of the lens.

[0055] The first mold insert is then installed in a mold block of an injection molding
machine along with a second mold insert in step 110. The second mold insert comprises a lens
forming surface. When the two inserts are mated together inside a mold block. the two inserts
define a lens-shaped cavity therebetween. In one example, the first mold insert has a convex lens
forming surface for forming a back curve of an ophthalmic lens. In another example, the first
mold insert has a concave lens forming surface for forming a front curve of an ophthalmic lens.

[0056] Lens forming composition is then made to flow through the fluid channel of the

first mold insert and out through the opening at the gate at step 112. In one example, the lens
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[0057]Following deposition of the lens forming compositionens haped cast; the drive cylinder can be
activated to move the gate pin against the raised non-uniform region formed in the Clow channel at
step 114. TREQRAEBR988moved until the distal end of the pin contacts the FAE/E8UYBI66E the
opening of the gate and terminate fluid communication between the lens-shaped cavity and the fluid
channel. In a particular embodiment, the gate pin comprises a raised projection at the distal end for
projecting in through the opening and into the lens-shaped cavity. At the same time, the gate pin seals

against thersgal Conpeguentinaanteppibalimicelensdhatdoreasttramhenpresenhiethad-hasl. n
depression and a recess formed wthn the depression, which are negatives of the raised non-uniform

region loGRRASh KB LeLiioh AHDT BeSpropestisi IBtatd Betire nd afene daeellom. thsweldhethe

gate pin ganderninate MadRURb R $ReRtt.and swiageseinatd:dass Notrwisctindhrough.the
opening of the gate, and thus does not produce a recess formed in the depression on the lens surface.

[0058] TheS&h$5840iHiEa Hrom e s8R MG o APoRTABANA PSS 11E8S WAEH thd Whs forramm

compositign¢e maKistiadans fernmiag serctie PRimatziabis.crmpasition farmingtheclans may,
comprise allowing the lens forming reactive polymeriziable composition to sit in the lens-shaped cavity
for a periBE b tittestittitHR R abvd oIy RIBHERISRIBYIE6SItOH HaR Fé dbteeP ahdepulsitanzdado a

level that{figdesutinclensbady isakietodmaintaintheisharebthrlens-shaped savity aftgr hsing

removed from the lens-shaped cavity. When the lens forming composition comprises a thermoplastic
or thermdBEHIAG FRATBAHIBriniicg aselTeRs ARy CHMPISE e HORRYUENE 1S fipninkt éSmindbitibarre!

adequately.that thedresiiingnlensposydsahletednaipiain i \iR@P 1 629R8R G

bi320114039443 the
shape of the lens-shaped cavity. When the lens forming composition comprises a lens forming

polymcriZiaBRsIesHpOstidsh fdwring thensrscatapassinprisdeagslylner radiation@ng .o taeatoinesy tight) to

the lens ?im%pgwg%glg&gqmqﬁgi%sefg%}j}{g [8.Aphmgrize the material to a level that the
resulting lens %%% is able to maintain the sharlge of the lens-shaped cavity. [0059]When a lens forming

poftrneriziahl@Qhhposhiidle Vs uadanesform o [BAden Braeinbalraive e Badentatbrizd kestuyv
light, or apethsydoron i elech amagnetic adiatian ¢an Qﬁ@gﬂiSgamsmé%?sgﬂaﬁ%ﬁ!ﬁaﬁﬁ%&&& This

causes the lens material to polymerize and form in the shape of the lens-shaped cavity. In the
embodinferrgsatiudis iow Igoseliradianon fo clie srpalihiarizevitbyais formirig! poly metirabie
compositign: e first meldinsar. thesegend meld ipsatt. arRoth fanhe made frony, a ight perseable

material. That is, at least a "portion of the mold insert material must be capable of allowing light of
certain w}aﬁi&%fﬁ% terpalsnerouH HE bt fhsertiAngrler otaptivialda RINBORGMTING Polymenziable
compositighAmpTSinga Féﬂgﬁ%@ﬁHM%&e@ké%@&@%&if@dl?ﬂyogq%l@ﬂ hRomIem oL e mpld ingert material
must be capable of allowing heat to pass through the mold insert in order to activate a lens forming
polymeriZabiehaBrApesition c%?ﬁbﬁsﬁ?f@%%ﬁt-glﬁi%fé@miﬁé@&rﬁ%ﬁé dnsetimenn wrtans fetming

polytncrigigihie: cRPQsItieR is sHEecar pRIYMStzed massadancs with the deprhings af .l Sy Ratent
Nos. 7,55.0519 and 7,201,481 and U.S. Publication No. 2009/0264553. [0060]At step 118, the First

and secdhé #eBIaSTHeB e FR dBpBFEISI Fdtatbperised non-uniform region located in the mold section

and the projection located at the end of the gate pin. However, the gate pin can terminate in a
round or smooth end surface so that it does not project in through the opening of the gate, and
thus does not produce a recess formed in the depression on the lens surface.

[0058]  The lens is formed from the lens forming composition at step 116. When the lens
forming composition comprises a lens forming reactive polymeriziable composition. forming the
lens may comprise allowing the lens forming reactive polymeriziable composition to sit in the
lens-shaped cavity for a period of time until the reactive polymeriziable composition has reacted
and polymerized to a level that the resulting lens body is able to maintain the shape of the lens-
shaped cavity after being removed from the lens-shaped cavity. When the lens forming
composition comprises a thermoplastic or thermosetting material, forming the lens may comprise

cooling the lens forming composition adequately that the resulting lens body is able to maintain
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following curing. polymerization or setting of the lens forming composition. In one example. an ejector
pin assembly is used to force the first and second mold sections io separate another. In a particular
embodimenWth¥dpidens remains attached to one of the mold inserts. PRd/FRIASEpOHith the
lens still attached is then processed. The processing oldie mold insert with the lens still attached can
include delensing die ens, i.e.. releasing the lens from the one mold insert to which it remained
attached. After delensing, the lens can be washed, inspected, packaged in a blister package. sealed in
the blistetipaskage otelriliZedsintine blisterpatkage, andssmbinationsdngreafod whaphtbaimigdgns
formed fr(f)m the prelspnt invention is understqod to inglude a depression within a peripheral zone of the
lens. in ona BYENTple HE AR e SSIBROCHN Rat BN FralulaP BB LN RSS ab WRnesiaiidrefrtant, a
depressitieaoba taceishipcatead WithindtnBychjdingthe imegwanamawithindhe depressian the dneguar
area is WO 2011/162958PCT/US2011/039663 prevented from affecting the ophthalmic acceptability if
the surthBE'SFHd ehSr iR Waa s TEE s I 1BALY dbdh s Ha B et tisel farshaoob 1]As
disclosed herein, the psesgnt invention is directed to a method for producing an ophthalmic lens from
direct injectijéqurggjdin into a lens-shaped cavity of a mold block. The method comprising forming a
first mold in m a PIAHA 55 B ERREHER AR SIA MBS NS EFed dfsHigea ETenyersing

surface apdgalfiviielicbannelforiniacing dens Orming somBagitian-i0 dheilens forming syrtags, the
method ftzjrther comprising creating a raised nonuniform region on the lens forming surface of the mold

insert so thAPREhEh IRIHTIBOR S KholVE a THEABTS 18rkiRg SaFeace o RABESHANESeTold
insert. Inia prrtigear @MROtmetathe AaRHNIfArMegigpds R ARl EeundesLRIQIYSIN flon o

projection. In another embodiment, the non-uniform region is a cone-shaped projection with its cone tip

removed Y ForR AR BEFRAGe 6%&@%5@&6}%@@%@%&%@@@%@ frome thexsuopbcardspirit of

tile presapbinvaationprvidedihe RomuRiam region-Af ke meld isert produces @ depression &;ﬁ"ing
e

a depression bottom located below the exterior lens surface. The present method also includes
step of foRmING'd LeeBArrtRBR TRsdberemak slasalondreriialorod saaen art theratiingotpestirdr amgh
second mplchibrenisintap sAld bloghitaformalenssahapedicarity betwesn the g insersand having

one or more non-uniform regions form part of the lens-shaped cavity formed between the two mserts.
[0062]AnbHRERFEEH AL B e suRt A EntiolsATe ATt E i g1l d iarsity siseins Tormibry cortposition
into a leng-stiape@canitt oba pagld dleckn The: lansiforming cemppgition flows fhrowgh & floy channel
and exits out through opening formed at a raised non-uniform region on one of the mold surfaces

forming PEYBKSIEABISPBEAR I cBRRiEaR. ar hetrrsthgd ol itEr € mprizes (b edap o stbpping the
flow of lemsniormnjgyeampRSian By astivating adate Riny se thel the.distal.ard of e gate pin.abyts a

seat formed in the flow channel. The method further comprises the step of curing. polymerizing or
setting theTeh&FSiminy comPostiorane thah!ranidving thklicarism Nenine2ee'ds set lens body from

the lens-shgpedepvitpandeprocessigithe sames.vhichmay;iRehids demalding HelensLai¥imer
delensn;g)the lens body, washing the lens body, packaging the lens body, sealing and sterilizing the

lens bod\PHPIHEDFHAS, PARKAGIRE! AmA cHHibm afigs meresm oo 6l furtHarfeafranef then
present giethedyianRaEabs: iandLy siefis te W88 fnd second mold sections to separate from one

another. In a particular embodiment, the formed lens remains attached to one of the mold
inserts. The mold insert with the lens still attached is then processed. The processing of the mold
insert with the lens still attached can include delensing the lens, i.e.. releasing the lens from the
one mold insert to which it remained attached. After delensing, the lens can be washed.
inspected. packaged in a blister package, sealed in the blister package. sterilized in the blister
package. and combinations thereof. The ophthalmic lens formed from the present invention is
understood to include a depression within a peripheral zone of the lens. In one example, the
depression can have an irregular area such as a gate witness, a remnant, a depression, or a recess

located within it. By hiding the irregular area within the depression. the irregular area is



gate types that automatically trim the gate without the need for a secondary operation. Known WO
2011/162958PCT/US2011/039663 prior art gate types that automaticallyincludes a pin gatc, a
submarine J¥&2H MB2038/ner gate, and a valve gate, such as the pin gate R§AESEY Hedie3
[0064]Although the disclosure herein refers to certain specific embodiments, it is to be understood that
these embodiments are presented by way of example and not by way of The intent of the
foregoing detailed description, although discussing exemplary embodiments, is to be construed to
cover alhinadificationsagliernatives; pnkhaglivaleptaidfithe embadimentsfasenay bulthwithiathes spirit
and scope of the inventign as defined by the claims. WO 2011/162958PCT/US2011/039663 CLAIMS
use of the lens, such as the comfort’of wearing a}e ens..

[0061]  Asdisclosed herein, the present invention is directed to a method for producing an
ophthalmic lens from direct injection molding into a lens-shaped cavity of a mold block. The
method comprising forming a first mold insert from a plastic or a metal material, wherein the
mold insert comprises a lens forming surface and a fluid channel for injecting lens forming
composition to the lens forming surface. The method further comprising creating a raised non-
uniform region on the lens forming surface of the mold insert so that the non-uniform region
projects above a curve lens forming surface formed on the first mold insert. In a particular
embodiment, the non-uniform region is a partially rounded protrusion or projection. In another
embodiment, the non-uniform region is a cone-shaped projection with its cone tip removed to
form an opening. Other shapes are possible without deviating from the scope and spirit of the
present invention provided the non-uniform region of the mold insert produces a depression
having a depression bottom located below the exterior lens surface. The present method also
includes the step of forming a second mold insert from a plastic material or a metal and installing
the first and second mold inserts into a mold block to form a lens-shaped cavity between the two
inserts and having one or more non-uniform regions form part of the lens-shaped cavity formed
between the two inserts.

[0062]  Another feature of the present invention is a method for injecting a quantity of
lens forming composition into a lens-shaped cavity of a mold block. The lens forming
composition flows through a flow channel and exits out through an opening formed at a raised
non-uniform region on one of the mold surfaces forming the lens-shaped cavity therebetween,
The method further comprises the step of stopping the flow of lens forming composition by
activating a gate pin so that the distal end of the gate pin abuts a seat formed in the flow channel.
The method further comprises the step of curing, polymerizing or setting the lens forming
composition and then removing the cured, polymerized or set lens body from the lens-shaped
cavity and processing the same, which may include demolding the lens body, delensing the lens
body, washing the lens body, packaging the lens body, sealing and sterilizing the lens body in the
primary packaging. and combinations thereof.

[0063] A still further feature of the present method, apparatus, and system is the use of

gate types that automatically trim the gate without the need for a secondary operation. Known
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What is claimed is: A method of manufacturm, a contact lens, comprising: providing a first mold
insert comprising a body section; said first mold insert comprising a lens fmming surface including a
raised non-dHeAH&gMA having an opening fonned through the lens formiRgEUMRdE/MNE location of
the raised non-uniform region, and a fluid channel passing through the body section and in fluid
communication with the opening; placing the first mold insert into a mold block so that the lens
Ibrining surface of the first mold insert and the raised non-uniform region form part of a lens-shaped
cavity; prigrayiding ajensifarmingneiopositian theough thenfliid chanpekandibe apaningsa that an
amount of the lens forming composition is deposited in the lens-shaped cavity; allowing the lens
forming ESHFoEHORM fof's Eatitaticlens Body rettining e Sheise of the lens-shaped cavity;

removing thpgeajact lenshedyiftomsthesmeldhlackand the mald inrert washingibecantachleas
body: inspecting the contact lens body; placing the contact lens body in a package with a packaging

solutionndsasing thsth Hraesge ebrAERRR MIE JIRESRIENSb O atld TheHaEkafIng ¥ oRitiorFYan

Ster”iZinlglmﬁtRﬂﬁkagﬁecﬁﬁ@.ﬂi@Q fhe ﬁf?@é@ﬁ{ée&stﬁw @J&grwﬁ&ﬁ(‘ﬁhﬁgj@gﬂﬁgl%l@@ii@éo%ﬁﬁaﬁﬁiShed
contact lens.
embodiments, is to be construed to cover all modifications. alternatives, and equivalents of the

embodiments as may fall within the spirit and scope of the invention as defined by the claims.
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2.The method of claim 1, wherein the raised-uniform region of the first mold insert configured to form a
depression in a peripheral zone of a contact lens body. The method of aimen the contact lens
comprises Qg eddBogclcontact. lens. 4. The method of claim 3, whereR¢ THES3Hy&P0#dshing the
contact lens body comprises cleaning the contact lens body, extracting the contact lens body,
hydrating the contact lens body, and combinations thereof,. using an aqueous solution free of a volatile
alcohol, 5. A method for forming an ophthalmic lens through direct injection molding comprising:
forming adilsA MK insert comprising a body section; said first mold insert comprising a lens forming
surface including a raised non-uniform region in a peripheral zone of the lens forming surface, the
raised non-unifoggy, kegion paving.an opening formed through the lens forming surface in the location of
the raised non-uniform region, and a fluid channel passing through the body section and in fluid

communication vyith yti?efgp nirﬁ;g; . Placing the first mold insert into a mold block so that the lens
forming s rface\%flf?%]ﬁ f)ﬁ‘m A H A the RIS S SR region form part of a lens-shaped

cavity;  provigngidilens fosming compositiaprikiroughdbe fuidoshaniaeland.the pRERIBEHSSthat an
amount 0;:1 Eggsl%(?r%fi%i*n!;igr a%grlrx]’lg uscﬁlr?cp g%‘ﬂ??@%oggg—%ril?fég% E@(}grﬁ%e%ca%vgy; ang fi d through
g g ars ; reg g pening formed throug!
the lens forming surface in the location of the raised non-uniform region. and a fluid channel
passing through the body section and in fluid communication with the opening;
placing the first mold insert into a mold block so that the lens forming surface of the first
mold insert and the raised non-uniform region form part of a lens-shaped cavity;
providing a lens forming composition through the fluid channel and the opening so that
an amount of the lens forming composition is deposited in the lens-shaped cavity:
allowing the lens forming composition to form a contact lens body retaining the shape of
the lens-shaped cavity;
removing the contact lens body from the mold block and the mold insert;
washing the contact lens body:
inspecting the contact lens body:
placing the contact lens body in a package with a packaging solution;
sealing the package containing the contact lens body and the packaging solution; and
sterilizing the package containing the contact lens body and the packaging solution to

produce a finished contact lens.

2. The method of claim 1. wherein the raised non-uniform region of the first mold insert is

configured to form a depression in a peripheral zone of a contact lens body.

3. The method of claim 1, wherein the contact lens comprises a silicone hydrogel contact
lens.
4. The method of claim 3. wherein the step of washing the contact lens body comprises

cleaning the contact lens body, extracting the contact lens body, hydrating the contact lens body.

and combinations thereof, using an aqueous solution free of a volatile alcohol.



allowing the lens forming composition to cure, polymerize or set to form a lens body retaining the
shape of the lens-shaped cavity. 6. The method of claim 5, wherein the lens forming composition
comprises a lens forming reactive polymeriziable composition, a lens forming polymeriziable
composition, or a lens forming polymer composition. 7. The method of claim 5, wherein the lens
forming composition comprises a silicone hydrogel lens forming composition. 8. The method of claim
5, wherein the step of allowing the lens forming composition to cure, polymerize or set further
comprises forming a depression on the exterior surface of the lens body, the depression being the
negative of the non-uniform region. 9. The method of claim 8, wherein the step of providing a lens
forming composgitiaetibaofeg ot fiuid oprimarhaenth®opghidigsolitjetkieprofdaligwingpthitniens forming

composition to cure, polymerize or set, further comprises forming ap irrequlay area on a side or a
bottom of the dSHTHLG &r /e Sb 1 RS MR B R A4 6 T R- s SPHIBIHNEE fuherein
the exteriarsstinfecegofuifecke mschatin gsanore ¢ plathalifcallyegtoe piabpetigieiah sxteridr tharface of the
lens bOdYOF%{Re%%%é?Qﬁé??ﬁé%%dn%%‘!{}gi Nitlokuthe raized pon.un 'ﬂ?m%orr%%'&rlh%‘o%d iy ﬁbeo(jjet forming
the depressmngont e exterior surface of the lens’body but avmé’tﬂe%rregu ar area focate alisrectly on
the frontforibagksvuiacs snrfacdoshtics lehthbaaiyed noanwpimhaiesiotleasdcafiprkiigentdmadody, a front
curve sufface. Ak ARl FUNEAUTRGS ARARIGRLARO AN @ RRTIAGIALZONe, wherein a depression

comprising a depression bottom surface is located in the peripheral zone and the depression bottom

surface is rece$3edMBdhs SiHePohbifgsat Beveaoidddecksthdydbk knpiesuirgacarface of tee dphithalmic
lens of claimy hlswhaigimdhe JenadinabaaRRISER AN JIRMIRRLHaped cavity;

providing a lens forming composition through the fluid channel and the opening so that

an amount of the lens forming composition is deposited in the lens-shaped cavity; and
allowing the lens forming composition to cure, polymerize or set to form a lens body

retaining the shape of the lens-shaped cavity.

6. The method of claim 5, wherein the lens forming composition comprises a lens forming
reactive polymeriziable composition, a lens forming polymeriziable composition, or a lens

forming polymer composition.

7. The method of claim 5, wherein the lens forming composition comprises a silicone

hydrogel lens forming composition.

8. The method of claim 5, wherein the step of allowing the lens forming composition to
cure, polymerize or set further comprises forming a depression on the exterior surface of the lens

body, the depression being the negative of the non-uniform region.

9. The method of claim 8, wherein the step of providing a lens forming composition through
the fluid channel and the opening, or the step of allowing the lens forming composition to cure,
polymerize or set, further comprises forming an irregular area on a side or a bottom of the

depression.
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located within the depression. 13. The ophthalmic lens of claim 12 wherein the regular area is formed
during We providing a lens forming composition through the fluid channel and the opening, or during
the step of MOIHI/1HE¥FENs forming composition to cure, polymerize or setPAUUSHE FHedImic lens
of claim 12, wherein the depression irregtor both the depression and the irregular area are used to
form an orientation mark. an inversion mark, a diagnostic mark, or an identifying mark on the lens. 15.
The ophthalmic lens of claim li, vherein the ophthalniic lens is formed From a lens forming
composition. ThEhengplathaiicliens 8f cldimicls, ivhetalarthe s forminghcomposition comprises a

lens formy Qhﬁ%%%%pé’éé‘ fligiahle.composition g ens forming.polymer 'F%%'@d%”b"?? “‘%Haf%f A lens
forming polymer composition. WO 2011/162958PCT/1JS2011/039663 18. An op thalmlc mold insert

for directijéxtiothmoldingaisediprisinyform region, and without forming the depression on the exterior

surface of the lens body but having the irregular area located directly on the front or back curve

surface of the lens body.

11.  An ophthalmic lens comprising a lens body, a front curve surface, a back curve surface,
an optical zone, and a peripheral zone., wherein a depression comprising a depression bottom
surface is located in the peripheral zone and the depression bottom surface is recessed from

either the front curve surface or the back curve surface.

12. The ophthalmic lens of claim 11, wherein the lens further comprises an irregular area

located within the depression.

13, The ophthalmic lens of claim 12, wherein the irregular area is formed during the step of
providing a lens forming composition through the fluid channel and the opening. or during the

step of allowing the lens forming composition to cure, polymerize or set.

14, The ophthalmic lens of claim 12, wherein the depression, irregular area, or both the
depression and the irregular area are used to form an orientation mark. an inversion mark, a

diagnostic mark, or an identifying mark on the lens.

15.  The ophthalmic lens of claim 11, wherein the ophthalmic lens is formed from a lens

forming composition.

16.  The ophthalmic lens of claim 15, wherein the lens forming composition comprises a lens
forming reactive polymeriziable composition, a lens forming polymeriziable composition, or a

lens forming polymer composition.

17. The ophthalmic lens of claim 11, wherein the lens body comprises a silicone hydrogel

contact lens body.



a body section comprising a lens forming surface, the lens funning surface comprising optic zone
forming surface and a peripheral zone forming surface, a raised non-uniform region located in the
peripheral ZBe2iid38urface, the raised non-uniform region haying an opehE§2daMéehrough the
lens forming surface and a fluid channel passing through the body section and in fluid communication
with the opetiing wherein the raised non-uniform region is configured to form a depression on an
exterior surface of an ophthalmic lens body when the ophthalmic mold insert is used to mold an
ophthalmic lens body. 19. A system for producing an ophthalmic lens through direct injection niolUug

comp 153 IrskmaldagrGamaalag o bady.eeeiion, sl st mald inserg comprising a lens forming
surface, at'least onée raised hon-uniform region on the lens forming surface Eﬁavmg an opening formed
through the lens foriistg tsorfave pasch @ flidosdhanimel passingtbhronghohehp sy Bectiomanidiig fluid
communigation with the, openings g 2 moldblack for fetaning the.first meldinserand,a sampgnion
IS formlndjsurace so thafa lens-shaped cavity Is defined by the lens forming surface of the first mold
insert ardditedcomipaniviptens fomihy sirfase fagate pinscomprisinépanpin shathavidsapintiming
locatedlast, i part u'éhtﬂxe, H'e%%‘r?;%%%'of%{u- loging fhe fﬁﬁﬁ“&ﬂ&d?& %‘%Qﬁgj ‘%ﬁ%&‘{]{?xrhzt%-eT{becﬁ%%%?{Qﬁ"f
claim 19, whérein pin tip of the gafe pin'comprises a raised projection configured to form a recess
in a depeegsion forimhechinmauenstbodymiolded usimgnthe siysteim. the raised non-uniform region is
configured to form a depression on an exterior surface of an ophthalmic lens body when the

ophthalmic mold insert is used to mold an ophthalmic lens body.

19. A system for producing an ophthalmic lens through direct injection molding comprising:

a first mold insert comprising a body section; said first mold insert comprising a lens
forming surface, at least one raised non-uniform region on the lens forming surface having an
opening formed through the lens forming surface. and a fluid channel passing through the body
section and in fluid communication with the opening;

a mold block for retaining the first mold insert and a companion lens forming surface so
that a lens-shaped cavity is defined by the lens forming surface of the first mold insert and the
companion lens forming surface;

a gate pin comprising a pin shaft and a pin tip located. at least in part, in the fluid channel

for closing the opening on the projection.

20.  The system of claim 19, wherein the pin tip of the gate pin comprises a raised projection

configured to form a recess in a depression formed in a lens body molded using the system.
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