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[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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[0008] I n one exanple, of the nethod of manufacturing a contact |ens, the
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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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[ 0013] I n anot her enbodi nent. the present disclosure is directed to an
opbthair.lic lens conprising a lens body, a front curve surface, a back
curve surwecell/mewseptical .7onc. and a peripheral zone. PEmAISRINN/039663
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zone and the depression bottomsurface is recessed fromeither the front
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[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.
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the raised non-uniform region is conhﬁured 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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surface of the lens in a region of the lens between the center optic zone and the edge of the lens.
In other words, the depression is not located along an edge of the lens, but is located on an
anterior or posterior surface of the lens. The depression is configured to contain the irregular area
formed on the lens during molding so that the uppermost part(s) of the irregular area remain
within the depression and below the surface of the remainder of the lens surface (i.e., the anterior
or posterior surface of the lens). By placing the irregular area in such a depression, the irregular
area does not come into contact with the surface of the eye or the eyelid during normal wear of
the lens. Utilizing the present methods and devices can reduce or eliminate the need to perform
post-molding manipulation or secondary operations on the lens, such as ablating lens material by
laser or by mechanical means to remove or smooth an irregular area such as a gate witness,
recess or rough area formed during the molding process, for example at the location where the
lens forming composition is injected into the lens forming cavity. Although examples of the
present invention are discussed below with reference to a single cavity mold block, a multi-

cavity mold block for simultaneously injecting multiple cavities with lens forming compositions
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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



ophthal mc | ens conprising direct injection nolding an ophthalmc |ens
conprising a the depression containing an irregular area formed during the
nol di ng pwocesisie2esd p"ng the ophthal mc | ens for packa@CmgiS2Bno8®s3i ng i S
understood to ins hi & as | east one of he -usps of denol ding, del ensing,

cl eaning, extracting. hydrating, inspeetine. paekaWas :erniand WO

2011/ 162958PCT/ US2011/ 039663 require a further step of treating the

irregul ar area. on the |lens forned duri t he dln SS to make_.a | ens
sur f acEirBr GOBBHIH A Wy chlty dece ?‘aB’IO;IfP B0 1 7 e Mty Neng g H oL

| ens bady,f§9m tRGe! £RS3 %&ﬁﬂﬁacmw K¥ind Q02L& ABT-DAd @reb%%ﬁnﬂpgﬁh%d

ti br manufacturing an ophthal™ c I'ens fhroueh direct 1 njection nolding. The
nethodﬂmﬂmpﬁ}séﬁepmauimnngnawﬁamgMnnmh¢e|msﬁﬂtmcoﬂgmﬂ(badynsétkﬁompxﬁamd

first no rt .co a Ie rface. a raised n uth
or egP’é’hfgﬁIQ 5ol OBBaH RGP MHER I RRBLEHTER ey g SUr P BRI
fluid ghanpelinRassict t%)'?ﬁo Q%qywp%@%hé"ai ggg q anak tﬁpmnheﬁ%tezﬁg@gw bpgfhe

openi ng; placing t irst at the orm ng
surfacknef the flrst nmol d |nsert and tl raked reglon forn1part of a

| ens-sha vity; ositing a le formng. co o t hr chan

and t he ﬁﬁ@%gfﬁ i%aft XA Rlo e PEFA P e RO NG | ﬁa@i@ FISRt 180 epl
| ens- shaped ¢ aMbliYmehRE WRh @%z&@%oﬁx%ﬁﬁ% &Q%Br S Sndt hﬁe $GR 12k LY I8 ofr
settingens formng conposition to forma |enS body, and 1.cmtoying the

| ens bhdymﬂnbmenbauh¢ym&£bnmnmakhy;mghﬁxn@tmmdmkhnmhmrﬂﬁenk@anmpnmsabe

i Xt t d t t he |
body. PREkdgrEe ARGV eps T Sl Ho AR LAETE 4TS BBt e 4G B
bl i st efhenReIAGE) zAR COMTLRA RAS <4 ARk eRf preEtQQ@ Rl Tllftedcﬁfr@@%ﬂtis dios Gl @sHIL

descrlbes an ophthalmc | ens conprisine a |ens oodv.
optic zone of the lens and thus does not interfere with the optical quaixi} of the lens. The

depression may contain all or part of an irregular area formed on the lens during the molding
process, for example it may contain all or part of a gate witness, may contain all or part of a
recess formed by using a gate 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



front curve surface, a back curve surface, an optic zone. and a peripheral
7011le, aeicn a depression conprising a depression bottomsurface is |ocated
in th,2 pEoi2phers29581 LoT of the | ens body and the depregsirans2toswns surface
is recessed fromeither the front cues or the back curve surface of the

| ens body, and extends into the hulk of the lens body. [0027] The present

di scl osure al so descri bes a system for produci ngopht hal m Fdl ens through
direct injection nmolding. The system conprises a first no insert coranrt.
sing a "BEF SHEOFOHEP Qg g Tisgvlar #1a3 ep theclspplarardduang drendldingipnesess
sur f aceg, i.ngl.udi ~al . “UnLfrd regl on;. RS nn-(yifor\mre!on
navi ng an Bpenng Yoo eIl LR WS AURE R e BT

t he norengrhioflp fimr égilon-shamd cavity.ui d channel passne through the body secti Eg
and in flu omuni cati.on wth the gpenine in the non-uniformr: a; a noL”
ht:orr ewggﬁfngptﬂ’éﬁ'ﬁiﬁ% TR IHOWHE%?Q‘" 1%81{3&"1‘“’1%OW@i@Sﬁﬁ%ﬁh&ﬂgﬂléﬁ@ﬁ_
form ng,; a Lt ; - L GavdiNe 1Srdef , Leps f oLy ng
sur faca o PR st aart Tand (he dife s OHe shaB b LR RS Rl ng
sur f aceectivhespd-firstnmold inket tomptisinpladenngentinge entaink paisdd Ad-uni¥¥dnm region
2011/ 162958PCT/ US2011/ 059663 upi form regi on form ng qoarg of the |ens-shaped
cavi t y T%Hg 23 OBFENG FTESH Argpgh gleﬁ?r?f'. orpMEsEHped a0G# ughehanpel nsayieg thrpnghhe
fluid ghanelsedidnh &b R R ARERhRGH € oBefiRd ;{i%c@r@,ﬁz%yﬂﬁ‘?ﬁoﬁ@&eﬁgz 6
features and advantages of the present |nvention econe appreciated as

t he samwlbébokwsobldtiter lundenstgodfwictdf thefient ende itertdnd hpedidd @atitihrm

cl ai ms_and enqeﬁl jravm' ngs, BRI EF DESCRI I?;I'I ON OF THE DRAW I?IGS 0029] FI G
1is are&%%g LR 8 gﬁé@éﬁ?%‘f‘?ﬁf{ys HESUed P 1AHEE QOBPBE OB . b BHid

ol di nghdAmeNhMierhi Rpkiidlh RE hdi ORtandisl BREGK 164 MEmiTR) &m?ﬁ%?. HloAng 'de;%&gtgcghg*hg 2

is a partial exploded view of the front and back cni-7-e msec |
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-
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[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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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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an acrylic nononmer, an acrylate-functionalized ethyl ene oxide oligoner. or
con- thereof; and optionally -) a diluent or non-reactive extractable
conmponentwotir/ws29s8np e pol yal kyl ene oxi de silicone ext pPatitshéig/oswaponent .
In a nore specific enbodi ment. the hydrogel |ens form ng conposition
conprises a-co-his(nct aer\,'yeth? rttfr,

et hyl oxypropyl) - poly(dinethylsiloxanc) poly

(trlfluor pr o i si.l oxan

bol y( et Bt o Sy ey R ONGHa oG BIBEs (Lot gEm R HiAe! FEIoD nigng
tri et hylhepRnglyEats HotBARAR! Yhahe exdh i€ shd @R SthE Q¥ BENiHE rEBQﬁ)b&hQﬁ%an sugh as
thoc del osed in previously incorporated '553 appllcatlon may be used

Wi t housilidens lgtdrogyl flfrrtsnﬁorrheanwrmpienoﬂwﬁwe prresentpldiastlioseriedrd@088jthei one

| d t f.l h
FRamPl B e RRB b St ea vl e o el TR SRS i tostidgble
renot et Qigpd @i, PIneh §atidulal BeaMAE UHD PiTRe 3QdaRE] EdRad: Q&%‘i%ﬂﬂﬁ)%dco%%sﬁ%nls

are in f|UId cornmun with one another via a vacuum channel
conprlsesx@nnhamnehaprUWbﬁfBnVﬁmaﬁopaseesmbeimeenmnh@wmnhdssémﬁwnn%ﬁneand
the nol.d menber dtM)eamMS

) b t
WA il R I R R B AR R A IRt

aut omagd,£alibon Qﬁ@é{ﬂ’hr}b%&&xmﬁ cb%%gatam%h GRYiHk Mro%gl [dugn {1 ohRghih®Wehomer.
pressure cretite. by the vacuumin the | ens-shaped cavity. The vacuum

pr essure agtydig foncmsr. t dre amo) zdeﬁtmbenalﬂec zethdepr esglecaghiorser. tdﬁeaba%ekatmnsve
cavity ion, 14 to f t he | ens-shared c

Cav W B PO PRl DA e o BRI A BRI PRI B SR ae by

posi ti y@mkﬂeﬁybec&g%@é@ &drabyibleh@®nipai®nt22n a[RAB3pAi Gl bMBodidlehN ! silB&ne
whi ch be a linear notor. a brushless direct currcr (DC) notor, a |inear

synchr Q@? nmsterforming nelaposeltﬂ@m@on’@ntsmeap -bimghacfoyaxyadlidnvrochrhosy ar y

not i on I near n 38 ar for eni ng
and of 8 e& P B58 FEbbabET sttt pBhouBl Py Biork B BRI RGN Sl Y-
cycle, pdlh@t}@ﬂén\éghf@g\fﬂ);brﬂgﬁfneaﬁ ldipxagd) i Xatiad ‘NQnérhﬂTz‘zc@ﬁmcht meehylt Methgat i n
38 fromthe gate 28, which opens into the | ens-shaped cavity 18. Affer a
suf fi cinshiricdirsuatesp! farshacariaen g lesdposiotnips cognaaigess. sedh #sribescdigslosed

| ens- si}ﬁgﬁggoﬁﬁy g x%g ar%li‘r%!ﬂ}{bph;@’%u&]o%ﬂng@é %%h*l%ﬂ%‘t Vigy 1%% d Hgg]r thgafj’hﬁ ‘md te

activat to pus e ti ate pin agai nst the Seat at

28 to ﬁbpsetmh@ngaMQhamﬁukhe openi ng of t he Iens-- haped cavity, as further

di scusse [0040] I n the xanple il Iustrat Fl.G ul tr V|oIet

! Ceht o daPEaom e*epﬁ%ym&w ENseBAiley BYFY SR G %%ﬁ%ﬂ‘éi‘f"‘ it i

cont ai ey tob% | &O8mSHARRY w3 EMy bENE vARkth PRABET0 Haiks 1@&1&%331{1‘9&6‘&6

understood to be nade froma clear material to permt W rays

penet rapkl mlh&d@g hlttehercwaih | puofp $thandnibk denvestrivjesd %Hp d8pod ynﬁmdzcenmhemt@zne
nerlzable conpositio er.natj.vel

ddi 1 SR CREPRTEE THE! RO A Be L aHay bF TP RENA ) HPg8Lc R EHo Y ARy s

equi ppegwwéd e Real kOgios il d (RORoRNAWAbeOT6 RADRAIBRE Qlvacuum 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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heated fluids to heat the nold inserts to thermally polynerize the |ens
form ng conposition. The assenbly therefore can operate to polynerize the
| ens forwogopoalegasscri zahl ¢ conposition to produce opht iralriseoli®s®ses usi ng

either a light source, a thermal source, |ight source and a thermal source.
Alternatively, a lens formng reactive poly conposition, or a |lens formng
pol ymer conposition can be used. and th...-; use of pol radiation can be

om tted. [Q041] An ej.ector pi Ss risi -ejector .rod or. pin
O £ e LROHHLAT ShSSLon B, BRSEMBIN A8 RIPLLALDG AR cELeeter hod of
secti 08g km el &hie bOEWRRR o Qseirn't@t heRBhYIRpEE @?’E iQr 185 ohkgh § k@Ficichhgmesingcifor
pin assenbly 44 is con ligt,1 to cejector pin forward (to the left of FIG

1) to beparaties threpemlich mkrpesﬁegienmtth@kmts @célteéft‘oﬁgﬁtmﬁ@la%mﬁt& yagsthias a

i near driv ni sntsl Iar t the cyl i sur.i z air
sour cedTot enguny iayargs BenBedbio bkme it pEREIns b RaPE LRy s
assenblysdthe OB alke §hainagumegenanal e ilyad mhv@&abumd@mvsour ce 30. The
air source (not shown) nay connect to the air passage 48 forned through the
mol d pl at[§04Q] anth therexamateeil 1bett‘fmeem ‘fIKfe 1rmhdl iender | lgﬁd@tﬂﬁe 4pae t@l%tﬁ@ﬁeﬁrml d
section lﬂ 042&£§ferr|n now t o t gkt % FlG. 1 qgar
cd par 14l e%% LRGP igsrig) <€?ﬁ?ﬂ80ﬁ§PﬁaggéfP E@”b el Blie I%P

secti Opedther 396 Qﬁ?&m@' hd38tdodl ®hWRadd bk d e@hﬁﬂ&@ia ﬁppét‘%}it GofReMated in
the back curve nmold section 14 and provides a path for len-: fornming

conpos ptricontettbroiglovhd welbot the nddsnesiiapéd e aviymprizgtheilens ﬂ@enmgemiwgmzab et he

o ot oo i £ VDR ¥ BRI S G B T Sl abet Eabt  Sokes™ ui

flow appunekciibe 1annw 8k gRipe&l hethwaanng beild Wt shaw®ONe Lxaipt enottshewdj arada
fluid channel is about 1.3 times to about 8 tines Iarger than the

di amet kedwal {laide tpihpat3de M@d4BITHEO dhrealip pgh@f@é@ﬁ she lpnddpanpe frebm et
?](l;l::]f 3ﬁ?@t{53?20r§]%lé0n ;[CISZ%Q %VP En%péztlet%?g)& psc‘{‘a%%g)a?$ I% Jayé ﬁlgqqgefgﬁ{l%lﬁi%g\llﬂeeriszﬁ? ace.

| nt er nabrhyostont ogrédude @pﬁﬂh@h&@l enses using either a light source, a thermal source, or both a
a curved seat surface 58 is prOV|ded for natln agai nst a correspondln
curvedhﬂéaﬁmﬁﬁtﬁ@éeaGGWﬁB@aﬁ@WfatJtﬁémééﬁaiibﬁﬁ“o mﬂH@:gﬁWé“SlﬁMB@eﬂTﬁé

di stal %&gﬁosggo { Q? f'iqgtrtsefo wa&ﬁ\t‘{]gr Lcﬁt%rtloﬁe%na& %gg Hdot'ﬂg@lus@ Of' glg{lllcﬁ%mg

proj ecti con ure project 1nto the o opening 56 In the raise
non-un&ﬁuﬂmnmmebaoﬁ&&ﬁVhen the gate pin 38 is actlvated to advance and
enlng of the ate the projection 6 e di st al

cl oses t on. t
the gater}‘ép‘g B OREeistaryn SRSt o B s st e Berbial op patifido”

openi n&e&r o fidid heEmbLn$s frRfm tHQ PRSI in@hd fdeobf namifdredt! léhg rehannel
50. The p jecon on the gate pin 62 is configured to cut off the |ens

f or mi npolyowposi o eridifat Tlhmv\rsctpnentgssatpéb thw t:qmeamdt i digvef herajacha piens
formn ocat ed LN th

bot o Pl o ks BRI, Lt e Birg ht ool gyl | ALTAR I SRGGE B fERe

Wi t nesgy LroM;helirRg e hhMemCHhask @RAt balateilenss. Al pREARZEY 8 ¥ourttAenot
projection 62 on tnc gate pin 38 can be elimnated and the rounded end of

t he ansl®vpi)m®Bsaleahe abagt intdeebenatipadvidedie esgidravie a58Mbl 44l bieple thsperivy 56

Wi thin etnrcl:*?aterrc? t) %de f a%%utltjtnt'm}cﬁ% rs%gr&glqé) & 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

N
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[ 0044] The present apparatus and systemis therefore understood to include a
ens-shaped cavity 18 fornmed in a nold block 10 of an injection nolding
assemhl y woconpic29s®n- uni f orm regi on 54 that defi nes par PCofustéig/oB®ns- shaped
cavity, in a further exan-T a if the present apparatus and system an
opening 56 is formed on the non-uniformregion 54 | ocated on a concave | ens
formng surface 52 of the | ens-shaped cavity. In afurther eNanpl::! *-

present . aratus nd s fluid chann 50 is for . in a | d, .
et 1 onugARan FotRd A HetR APl hebt SHBG o BonTRaTI e QAo 58 BHd t he
| ens- shapgd 1%36&3( 3 mﬁ’éscto%& s t%gsolﬁlﬁﬂé%ﬁﬂtth@&a%{eho?% g%%x‘??ﬁ via the

openi ng 56 forned he non-uni formTegi on 54. The apparatus al so incl udes
a nold sé&@ﬂjn_ 1'Elhmgaqarl&|prcgecas loansarfilor hmmgt}“suin;fcacwrw,smaacreabE@d th@rmr:ﬁdf or m

region 54 form art of the len ornln surface 52 openi ng 56 f

| or snienl! shSuRtio: fprogor Bt Hirqon i eRsact o Da RE Al grghre 56
comuni,eatd gR vk chRe fPeR. Zl’nté@%ih of thOR4RI cHahR1 53, h SuRe§CHRIBLLE 58 is
cross-s,..i, mai side view Hmc |éns 64 formed by the injection nolding

appar arusidad domma frotlagfins Ia@rreipwddmxurﬂ'd@‘ese@pmrfaat 50 do¢agqrsatglie dmtféremée% a

f t f 6 72 t
per | pHEF ST 1 3o 117 SR aepeT UeSGot B30 oe e oh: 48 WBERE: 86T R Phe
art. Agr@fe@ﬁ&? 8D Qnfdukd b %@%@dmh{‘t{ehgpdﬁﬁﬂ pher ale 2008 R- @ﬂfémsretr%nﬁﬁ as

a negative of the raised partially rounded non-unnrin rcgion 54 (F 2) of
t he badihee dre\@tmhd%ewtm@t@dm ad<Tmee d@bﬂemlthmomu@aféhﬂjgatpa&? ttham@y&ﬁnn o)

t he bu of. t | en od l.ens .t hickness 76 .of the o h halmc | e ns and
has & Goph LSO BTG Sy EFEdHT TR AL P BAPGUTE RE Front e VBT a8e 66,
The d%ehlnaffrérﬁ@ur@l@ﬁﬁ&%ﬁoﬁﬂu&%‘in@@@%)ﬂdd srot@E efu1 ehdn@8IS5¢. haRe hRgection

thi ckness of the lens at the location of the depression. As such, a gale

Wi t nese 8 2aiefpiany is edreteufat et wHdhe tehe fgatiee edropestiauhingow hiatd Hjedens on

nol di n CeSS, oS hi n_the e I essi on 74 u

T oo BEESR TS Foll BT AN NG ARH SRR E0STE P B RR T

Opht hafurther HBass&# beldoneayBr effhyivelsi Rguideagapesstiin eBtiaftedhks pdiehtigl gate
.Site mnimzed and may even enbody a recess wthin the depreSS|on 74.

In t hevineshron] pringrnetbeisatedpbfledn laphad depat yedmtbherogsppessogrihe gate
bot t O’E}Zﬁ 38 cEm WEY; &ké& a%;%dmg {\ge@e@{)&t @8 %@ ;91‘1 88 €8P ab dﬁ lt'ﬁé"n};ﬁ'%cp%aﬁgl ﬁtrcé ng

it wt ser o wave a ymer use m t he

Siml a¥g ty»,seanlye @pdmﬁ’ra :F€rhahmaheansfedmohemsiosunég_a@emear the location of the

gate, such as. for exang a recess or. ro4 hidden within the depressi n 74
QUi

bel ow t h&094nt Hhsrrrescabiprrasaused TheBY RéherelgEpEs YUK (9 AT lent-share
t he ba&%tt@%}lél Qge 05{; a m(%a- bl & 14 BE kT ﬁ@&mnaﬁmo%ﬁaas%@xﬂbpei RESPER WMt B t he

depr essi on curve surfac
non-uniform region 54 that detmes part of the lens- shapcd 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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[ 0046] Thus, the present injection nolding systemand nethod includes 3 nold
section and nold nenber that conbine to forma | ens-shaped cavity with a
non- uni f owm2n11/feers8exanpl e, a rai sed protrusion, projecPCorusesiiiosasp3 f or med
in the convex lens formthe concave |l ens form ng surface. or both |ens
form ng surfaces of the nold section and nold nmenber, resulting in the
Iens-shaped c3\ ir brmed by the nold secti on and the nol,.! nenber havi ng
one or ze q?esm 0 t he one, or ressi on[f bei. aa of
U & of'd

n
the nofg REY I ARG T Sl S R o
exanpl ﬁorm%@%s QQ@E{Q xfecbrf Thd ﬁ%e@%aﬁﬁllk Q6&IRH PR 1R GARGANEn Sit @Iﬁ@fﬁ)%lﬁﬁle back

| ens-shaped cavity. In another exafple. the non-uniformregionis |ocated
on a canv:emoéd mtz(mi 14.héh¢ émeshmp@cb\&ﬁawispyma In iytetheanok hethedsarmpkde or &ens

non- unij f ion is ate on th t he conc he.convex,si de
ot hetghEts REpEtecSH Ry g ded Birog HERreERanY B CHE o RS t 6 PR ol on
conpri §6% an{@lsﬁﬁﬂer%l Ofhel B R Qh& ‘é@&%s%n RLR) s%txﬁ; UPVRECD Y feg@mahh@e
curved convex surface or fromthe curved concave surface. In still yet

anot heﬂlliémaﬁﬁfpﬂéhe tehe ahdw-logstibo omtlreedsiporssios. Rosathed -aieowgmas gerifgherait izone

f he. | d h he .d ni, f
gt noforSe SRADaR GRE ROaii abt Sy oDy GTeRRS BubidRengmi e o

an Oph@léﬁﬁésmoﬁ 7'4%% itshaar &m%&pﬁmmim%%m@ﬁé fdH @mtda%uh@@%{smmsd
cavity. The depression nay be located in the iiphcral zone surface, th

per| ph@laﬂlalmmknef@& héldvaskr. dur fif&@@ thtbgata peridphefdl. 2ot gﬁe botiest 36 ifSr ont

H 5 hack s r&a F %? é rlzed X L ﬁresent
rret hod%mfl{?rlzte EP9imiel udB “the %?éf)%esb’f“ i he R CBERY eSsr‘oHe hh r‘:ilt@geh\tx Wi ¢
I ens, &%nﬁ&pﬁﬁﬁﬁfﬁ&@@ﬁpmg NOmAhEQRPRSSHOBoRGhtRARSUT$ a@@nﬁh@éud@ y be

recessed fromth ens exterior surface. As used herein, the'l ens exterior

sur f aceingairedaismgcupessdulsi rineass.sueh as by blating it witk aflpshel eurarelesainfhees or

O ol O Rl B8 B bR P RN, Bl STROHTEAL arch PmflaRI RS O7

1S Cre non- uni orn1ré I"on on

ol d nenpbeiirfits edat @lerr@&odmhhe‘ theaste, the arsamedampm- Wnedesy o7 Fegh Qe o bbldl ng
or pro cavity defined by the nold insert and the nold '<.ction. and
deposi iffRy a1hon thel depressian 74 by the TehslSTapae<e oA th elgeic FepRien the

negatiy e%r&g th@, 429 %Q%J‘Jl&{ & Hif%gJaQQ LQR@%Q&% fpcely ﬁ{bSmQQQMr ar-gg% ) E%eﬁan
further 1 nel e application pin so that the t e abuts the
non- univftbinrhe &gnmmadf'meﬁ&etﬁclhatldcmmmkeéfﬂl on bet vveen a f I UI d channel c
[0046]  Thus, the present injection molding system and method includes a mold section
and mold member that combine to form a lens-shaped cavity with a non-uniform region. such as,
for example, a raised protrusion, projection or bump formed in the convex lens forming surface,
the concave lens forming surface, or both lens forming surfaces of the mold section and mold
member. resulting in the lens-shaped cavity formed by the mold section and the mold member
having one or more depressions, the one or more depressions being the negative image of the
non-uniform region on a mold insert used to mold the lens body. In one example, the non-
uniform region is located on a concave side of the lens-shaped cavity. In another example, the
non-uniform region is located on a convex side of the lens-shaped cavity. In vet another
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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| ens form ng conposition and the | ens-shaped cavity. Thus, any gate wit ess
that maya hi-product of the injection nolding process can be hidden inside
t he depr ewoi20n/16p3848] The present invention further rel aceastamsasbisul ati on
of the gateor remmant of the gate witness if, for exanple. it has been
ablated b? a laser. The in', at so relates to mani pul ation of the
depression or conbinations of the depression. the gate 11,-ft:Rs, and the

remmant . . For .exanple, t depression, the gate w.tness, and.or .the remmant
o nePUsRar g NP el FUPEY S Pt Bormis o R R B st s ef dMPons
The depregad-Giped RGvir@t eriM §dpRSSionaRe Mo bBRed SMMBNheApHeral 2Rcbe useghas or
incorporated into rni.irk a Jiannotic mark, an inversion mark, a branding
mar | : , swfaot.be ppéphefal eombofi the Timk sddpeeos h oeriphend zgat ef ith Hessont awdideerant he
rennanﬂ naé?tugtheﬁ be Pseq.aggggrt of a shape oc synbol indicative of a
manuf alE PPET SWIASE ShHS ORI I°d [9949] Accor ding to the present net hod,

appar at ugoo4nd sYsd @fse@ YR8 G Nhakte Itk Stept %@!f@ﬁﬁi@?_@d@ﬁk&s@&ﬂ% an
hydm ogel” contact |ens, is produced through direct iniecti,n noidne and

wher ei pphthadmiq lens. teaidapeessionfcaterisina deatksienboeors guflzasehdris meedsed hiem the

Cr,curye surface and the back .curve surface of. the |ens has a depression
ocat el LR ST B0T | DRAral TSg e b EHS T GRS RGP ESaHt: eTHBa TS oF
appar afhdSensshtYisteirfadé bher tHenehdBRkPeVd §irgRs. fiPh ribhahd-2neRUEhdnt. the
plurality of lens cavities in a nulti-cavity nold. The | enses produced

t her ef dapigsemohacreyi@! 2p famiis2 958 RCTWSA0DIN0BTE6 31 dephekisnestt drapprd dnapper

el t her tp% fr?nh uby esrurfg%(% —utn gm,hag:ﬂkmculro\{le isnwvfra?c? Do q th e%h—ghg légnt
curve SUPFREETSHS i Tsadiecd dPUamE Ty S&OBPoRd Pend OFg0Ed] | Gy ha
schemagdvery Ceasst etk mialingidad\themorf seatifMladd Siegdsit@pmehs Bfmai donjpeeitiben
mol di ng machi ne provided in accordance with the present inventi speaking,

t he noingb B deik-Bapasonpity seerean anspetverad|te: mravef@d rapdn gn auppese phihe fegp
retaining a-fro urve. insert, 88 r d npl.ate. (.20

et ai oo B AR S Y g SR o O sl PB4 R P S 5e8hs o

t he nodditdiheakn8difne rdiise us close fhid torkinBnicRéain bdieeerba V2] OiBAneWhinediniap e
expressly incorporated herein by reference. [0051] The front curve insert 88
has anlea:b{qr@aqg %@qsttwn(’a@ﬁ s lenshapse 2 ¥ ?lwfﬁq}{ggag 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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front curve surface of an ophthalmc |ens. The back curve insert 94 has an

optical cp.:CC 111:C surface for form ng a back curve surface of an

opht hal mwol2engie298Be front and back Pt. 88, 94 toget her PA@fiSREl/039663

| ens-shaped cavity 95 for form ng an ophthalmc lens. A!l, the front curve

insert 88, the hack curve insert 94. or both inserts may be nodifiedi gate

pin 96/98. The gate pin 96/98 may be attached to a drive evli nderom manner
d above with reference t Furt her ci

and fas n di scuss .
refer en%%’“iSé‘OB ﬁ@“’é?def"ﬁé” gt Be grans cony ea“'t”éfa&%d &8‘”‘% Séﬁﬁ‘{ty 0@3@@3‘4 'Ihﬁ @t he
0 [0052&1&\3én&x‘fa@eﬁx‘f@@x@%el@&%é% zf%%?’%ﬁig% gate pin 96 and is in fluid

comi uni ca ton? | ens-sh ape cavity via an opening at the end of the
gate 102. [O%CHhovﬁG tthea sthendhtic hanp-sddDnplasdes e tvhuf aughid séeionok ehaldsleck 394
as well as part, of tge ret |n|n te 92. In oth,,-. T enbodi nents, the

fluid cHaAEYecHPs gy §‘§é§a‘t‘r‘11?eoﬁ‘§’h‘°!5 rf 2 ?Orfi%q\b%rthweéﬁ%ura&t@ﬁg@ Brgadli  h
the as @Q\&fﬂ Qhe H %bﬁ)ck%’r&)'nﬁﬁge 91{'{1‘;&591 fosm 1§9"§9”{n}1%n u%gﬁlr r%&rdﬁkg’%la% gkhe

end of he f*-ucl annel 100 ‘and projects into the lens aped cavit 95.
Thus, the re:wnmg)a sontf @eee ofert B8 apdeklosur yeld pker $0 94 hasr aemmmoupsiaifedﬁrmor

relonfor reon that r t of. the. |ens-shaped cavity, Internally
of 't he T éﬁ?éﬁh‘élfmiéﬁm ST FRep S s Hoent Wemo S AR hde amw%%ﬁaﬂa BV éfad
for ag & GOr @S i ed at the dista
end of ﬁ%sé%t e@ggld;lgﬂﬁms&gr?g @ﬁ%ﬁ? eﬁpg%%dh%%? gtgatlm%ﬁg of the gate pin 96

can take [ROHA]If OrThe fromcéwrek myet L8 hot arl Dmutaé@]pam{(s) domcm«terﬂ}rmwlf@afexmfdﬁaﬁ
end cyIJndrl cal her sha a seal {1et vc'en the

t
opent ng"BREUBETUEHS H a0 EHRR 411 J0° ARtk CHET Merit  SHaptOR i Plelits comex

Opt i onadkyengr %mﬁﬁ@a 95’&@&9{ @SLQ?&Q@ Lpee Bﬁﬁﬁﬁhﬁc Pen@r ?heabhOhd b%hﬂu@l% i@t he
projection 62 of FIG 2. fo jecting through the opening at the gate to

seal tH®, Béémaﬁ@rainﬂnm e@ﬁ-ﬁhdﬂedlcmlﬂ Bwfdhrf@m"ltmem-dgmmﬂncchlenﬂeAamhb\mlne he

| ens-s The.projectio e.end of e e, ni.n 96 can
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| mi t eduatOpfir 9508.0-T0RNELAbin DEBR R b@ﬂtt‘q&%rdl t%ai driv @%klm@e@qnog Q{o%h% tﬁ@ape
formng a seal bet ween t he openhg between the fluid channel 100 and the

| ens- shapedr ged/ fasyionTheubsdabpon voh eheergatie Fé@r Fedpohdsdisaisdopebdpherid
zone Ofle%pengg Gl gP e éeﬁngmts B3 d dRsed J P a&agﬁ equﬂr}% RNAPSHS Qﬁfé %JXI gerein

descr
[0052] A fluid channel 100 surrounds the gate pin 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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[ 0053] I n anot her exanple, the seat internally of the fluid channel 100 has
a co wth a cone top section renoved to form an opening. The tip of the
gate pin wonoasweasdi ng cone shape for seating a:ains thecCrnsesnabsseat .
Thus. Yl-len the gate pin 56 is activated to close the gate, the tip of the
gale pin is configured to en: sr opening and into the | ens-shaped cavity
95. Thus. when an ophthalmc lens forns fromth |isel osed nold bl ock 82

cures,_a de n_havij cone shape e s,.fo i n.the heral
zone ofTPhd ‘fléa‘ 0%580b¢‘8g3¥f0 ﬁBTtH’ b?‘ﬁ‘&ﬁ? )@ﬁ iﬁéh%?‘%%% ggd%gn‘éHloll a y "form
an ophgj @é @51911111@9%,80{%%& the ﬁ%ﬁiﬁ@%’%‘n@&;@t’ﬂe&h@d ELhontl cor ¥ed sk kasehapthe
back curve surface of the ophthalmc Iens. both. Wien a single depression

i s desdaved. Tled Ibbeiontofi¢hef s{&bmtoroaspmaimm3@ﬁtlp§&8ai(210n¢ hearbedichaduro/lens haelorme4s i s

confi g red th a solid hod ect i.e., wthout a fluid channel and
a cont 6}&%\fe HEPFO PGS %Ff‘%&?&‘%hﬁ?t hout a raised non-uniform regi on.

[ 0054] FI ﬁ)o{aé' S @ SeHerRkd k! @ngﬂ@ﬁﬁenﬁﬁp'o@%enﬁm@ JRANRPd0d Bhs £ @bhdniHage an

opht hal m ns 106 provided in accordance \vith the present dlsclosure
The nowvhipd codenpip sesian mehdvedserform oammbpaisg. epThEOBp dfnthpagatd ol 86, ha i r st

mold insert is forne h a lens formn. sur nnel for.nmed
{hr QUSROG EOTE RS o1 EHETS TUE 1 HTTROGER: aRRES AT Ak EGeiHY Sor
uni f ormyt %9%%161@9%’ {HaGa ) ti{%pt%"'bpgletgla%tplﬁ QF %ﬁmfetd @fendr Qfét &ehBly dn@nsiohgs M ng

conposi ti e opening resides along or in-line with the | ens form ng
sur f aclensshaphét:amhe% a"ﬁfllaphﬁﬁhiabmoigllﬂhemu ilens rfarmos acmuhedhg @ﬁt‘rﬁgfﬂphiebﬁ}ﬂr §¥

nol d insert therlsed nonu rmre V\(,% t} n%ade es

he. perTonBHEReSHE a1 T e REPe OUBSTTREN Pope R REg o B¢ Rhgn

insta dér@@nt M@dMbé Bhogkn&fstansithk cmiliOnor iemdhnGpRBGHhRE At Qﬂglp‘ﬁi‘sitnh a
second nold insert in step 110. - Sn ncond nold |-ens form ng surface. \Wen

t he tweprassientos e dromatcaty €t5‘olgfé€¢1éht bagk eeva shtrve hasehthgingeflpise o both.

| ens- ped f| [s Ld. .t

a cor ﬁ&@ﬁn ?GH@Y?%%WE‘@“%%‘%S%‘@ ‘1”8‘?} ?18thr?inﬁburggb1a&”t8§8r fis ba K 5‘@89%5“{13’%&% c
I ens. dgaranRtihefih examl bodyl desliodrl di.¢é.nsehbuthasgiuad Gﬁlﬂﬁ@&\/ %nﬂ Q@nﬁoﬁt@&ﬂikd’lg’ns
surface for forni ng a front curve of an opli!H , [0056]Lens forning

conposiothig shefagehatihor deaiss! 1o tHROEERY he fluid first nold i nsert and

out thro )
2011/ 162000, (R85 11 G Sibe e AR Rk el R P K EHAL an bOGHAEE
al | oneidnd 006 hewiddar pughtotdased hithdhe f}ﬁcnsl@ﬁﬂ dis¢ nsiaaotTher metkadmebepritdsea Ine:fﬁ@

form ng conposition 'nay be 1lted_and all owed to %i thmu fl ui d channel .
The t wWOSHFOIEMi s %‘)Sca{ﬁ PBEICHIGAE BEEMAG WSTBRtiemrut VIR ALTROCHNASIIRSE: £ o

creat eﬂll‘ad gﬁ%ehmeﬁ BHE)‘B}% LenRsgssh g&% A C AV E*)blms&jﬂ ax@@i@mﬁfn@.ﬁé‘é‘ ﬂﬁ a PLi@Refonl ens

mat er i ow. A vacuum'source nay optionally be used to pull lens formng
conpositifoom fegibo Hahimgl aanpesimapba toavs pyrt of a g@teplar ﬂm‘sdbammewbmmnmm flothe
i roomtenperature a

[ens THLT g compast Lion | 1ol Scheg, 2, oM LeTRRraLULe SN0 L e
anot hegne\Enanufactured 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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form ng conposition is heated fromroomtenperature to about5C to about
145V in e barrel section of the lens injection assenbly before being

i nj ect ed woto1tttee9sBens- shaped cavity. The tenperature t@ChAiISeh 105963 ens
form ng conposition is heated depends on. anobng oule particul ar conposition
used for the lens form ng conposition. [0057] Foll owm ng deposition of the
lens formng conposition into the |ens-shaped cavity. the drive cylinder
can be activated to nove the gate pin against the raised non-uniform fornmed
in the ﬁ%rnawgcﬁaﬂweﬁﬂoa}t may diy RIEASUTRE Agatedopien P sllarethiedgiunt fluichehaingl dp

end CO”&I@?}%? etxglﬁ gahe 1%%31?) I%RW %}%@%&ﬁl@ﬁ ma eg'é R& t%{}a&d?ﬁ C%Qtd EHEQ\ fz?oe%}nt%

fluid r-"don betwsen t ens-s cavi ty an Ranne

parti cuflad chinoh.nTRA o niol®ingatecodnirb sigsd &ithalessdopt @inﬁﬁfsb @ nat totdd&ite a
distal end for projecting in throuch fte openln and inn | ens-shaped cavity.
At the sandiead i (he lres-ghined prnits 8did e P iSO lesempteriGofiewc| Ao peyum

opht hal ﬂlﬁelrﬁe%’kﬁ eﬁt Ahil tgé H&dﬂ&\%ﬂﬂ rh% i@fm‘?ﬁgggnﬁéﬁh& n:l'g wHu{}assha@ecp&Q g S%ﬂ on

and a recess epressi on are ne ga ves O
non- unllfabmmlzrre@nmﬁilhlamam@ﬂ dnm tbhﬁnlmoﬂn;mhloﬁmaﬂﬁia&lieit poopeempentlrocat gd at

the end of the gate pin - | owever e gate pin can termin a round or
snoot h Sélg?jaqélﬁ‘f“ ‘a%“é“é‘g ttﬂé‘f) HETgBed Wbtimp‘ﬁ‘e‘ﬂééftd hghowt QB@HW{ HaNppe il §nof

t heand ﬁhﬂ?gggg%%ﬁgg Pgt%ql»éﬁ% i E&gﬁ fe?nfe%tﬁﬁdtf) aﬂol}tmo@ GPLine hfﬁc% ﬁ].ieh@aﬁle ns

sur Lice ens is torme ens form ng conlposi

sl ep 11Hctidd ohédr khd éjéens fsermbl mgaeempxasmt info tecloinpr th&elSnfas ia@éts ci@fx’m Tﬁ@e

reactive p i N nezjaOlc enposi don. conprise allow ng the |ens

f or ni ngd PRIV Mag{[yﬁeﬁmzﬁegﬁ Ing «emp@m}tpa wwerqdé%ge%@ﬁewemw thigyes 4l

peri od r Iy é conmposi tion iv reacted and

polyneégge mggogﬁ£%Jggn§ﬁg§@&%e%§é§ %gﬁéhéFgﬁé?body is able to maintain

t he srLi nn0057ﬂ| S- Fcﬁhm@dm\?uir@y odifltedensiermggrempeeiioh iiomtticens-enpes baped
avity. siti npﬁises a thernD ] astic %r t her nosetting

mat eri élé/\ggéj? ﬁi/ H Eff ﬁ%ﬂ 8% ﬁ\gil faﬁ.bq fgebatt pm agamQt e raised non-uniforni FG‘HOH

formed in the flow channel at step 114. The gate pin is moved until the distal end of the pin
contacts the gate seat to close 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 the seat. Consequently, an
ophthalmic lens that forms from the present method has a depression and a recess formed within
the depression, which are negatives of the raised 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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cooling the |l ens form ng conposition adequately that the resulting | ens
body is clde to naintain WO 2011/162958PCT/ US2011/ 039663 the shape of the
| ens- shap®0 20avice9ss Wien the | ens form ng conpocition ceepriss@s/oacbens
form ng pol yneriziabl e conposition, forming the Iens may conpriividia heat
or W light) to the lens form ng polyneriziable conpost 1, Li\po-ize the
naterial to a level that the resulting | ens body if abI$ to maintain the
F1-7 - t he .l n S-S ed cavity., [0059]When a lens form ng

,polyne F23Q518f& %ﬂ%?l ? @“%sé%h@blFb éOPQW@ ﬂﬁwxéﬂﬂ@ruﬁﬁﬁb@$ymﬁmpze
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t hat uses UV | radi cure or pol nerlze the | ens formng
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or both, can be rmgdg,froma light perneable material. That is, at |east a
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wavel engt (%) pa&sen tnéenstfbnhnnm$>ehnnarmabmﬁnn;tcmtmtzs viaddetodfohe asefi i iigr

mer zi api e co |t|on con17 ht - actlvated |n|t|ator Simlarly, at
Ipce)agt é‘% I;S’8ff’?86’ﬁe ?Femﬁﬁi}a 3ﬁﬁ§eY}t te?ii agpthil &bl erimRicEntc BHIEM Agn

heat t geR@pBed R AN B R MPLOE NS Bt THiB LS he IQQ%E&H% 6. p%l\ll?éﬂlﬁt’f fié ?'Gr }{’n

pol yneri zi abl e conposition conprising a heat -activated initia

enbodi e thoshmpag! ol leneshapedibhetyc OfrptbSIetmiﬁmm&ltaha{{a(ie@f,\DDLMW&UU&@@HM& ze
accordance with t at ent Nos. .7,55,0519 and 7, 201, 481 and U. S.

Publ i c&t'ToMn ‘m%@éh‘%)géﬁga 3ng I@é@@mw‘%}ﬁ spmpagtion. Hle Fis ieldhinerrs deowdontol d

i nsert sndl enSRPSr BB dahrRmiRl #r&%“aquh@ BE{‘H‘?&&) |PALYIEN I FAL 10D, Qh S Otﬁ%ﬁqgo‘e f

the lens formng conposition. In one e\ ampie. an ej ector 'pin as
used t ¢hd Bpbleinsdiempierigk maﬁdbegepahhdomil@ is@ bght(msettm sepaicatiés nopase ﬁeouot
i cul,ar enbodi nent remai ns attached to

th ar.t.
one of rﬂﬁ%é{‘]}#@ prs it g %?fi“ﬁs@m“% Q‘%IEPF\%ZH RSOBPPHIHORCPIPRSHL %
t hen prigass@datedhgitiploecEssing. Medshe paRIH dMae Hoic‘f"'iﬁs@rttnk‘@erjxﬁ NSuss bl bhpable
attached can .include delensing the lens, i.e., relcaine the lens Fron1the

one molPd 3kesdrg hest vini B3| treushailvechold timstiedn Afdeertodettansi nglen &dming

polymeriziable composition comprising a heat-activated initiator. In one embodiment. the lens
forming polymeriziable composition is cured or polymerized in accordance with the teachings of
U.S. Patent Nos. 7.55,0519 and 7.201.481 and U.S. Publication No. 2009/0264553.

[0060] At step 118, the first and second mold inserts are separated from one another
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 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



i nspected, packaged in a blister package, sealed in the blister pac<aec
steriklccci in the blister package, and conbinations thereof. The
opht hal mwol2engietwsned ftani the present in understood POTiUused1®E9683
depression within a peripheral zone at' the lens. In one \ anp: depression
can have an irregular area such as a gate \\ill-less. aretnnwWL a
depression. or WD 2011/ 162958PCT/ US2011/ 039663 prevented fromaffecting t
| e ophthalnlc acceptability of the surface of thc or t he yse of the
| ens, Peientesdsiremeaticeye it w(ﬂpﬂﬁ iGeg PP el téﬁéufmfo%é 19 J&8s gr &1 wede
her i Myse LM ALESERh & NARIBR ol Svcdif £kad.0 @ method for produ opht hal m o
lens fromdirect 1 njection nolding imto a [ens shaped cavity of a nold Hoe
, The mef0osd]compy disilogdfherain.nige prefdnt atvenbbrdisidirsered tf & mwthad pnb:qsbdmmmn a
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andHt e present |nvent|on provi e non-uni formregion of the nold insert
produqeqbayqu\aademmﬁkﬁsdmmhogeonnmﬁﬁaked<beﬂmeBmemékUemnoﬂnhepeﬂs@&ﬂ|cc
The prccnl  nethod a so.j ncludes. the st formn secand. nol.d i nsert
{F om ETHERGTE. B FORTIOBh S ioin & BHISTRETES A CRENET PETeaing 8eBna ol d
| nser t5 yolhferd, gﬁ@lzﬁnmn%kﬁntt@‘ngf? ifMh&che s§ap%5tp%§@at10n whh ifs VoY UB%M\@%H e
1. WD inserts and having one or nore non-uniformregions formpart of the
| ens- shaped opaninty Othfﬂmﬂp&seirw@emw hevitheot dﬂsamgsmozpoﬁﬁsqt)@n@ntiepnft@atﬁaﬁr e of
t he present, |nvent|onv’ a met hod. for in:ecti osition
| nt o @TFERS ISRBRL PERAACEY N6 MO8 HEPED HEBER. O i H ’86%8‘5%%%‘?% > ion
throughyagfd OvrsRARANE AN thcgielitiRl AU thd BYlghleAN s@RRBI Nthef @egmdm@t 30@ aai sed
non-uni form regi on on one of the nold surfaces forming the | ens--: haped
cavi t yintlhéasebestweehforMing avisepistimple mprst frewmprlpgiesnatpiéal of 8 eyl agd éibfﬂurlfgz t he

o e 5! SRR EPTRSTL L DABFH KEDHIS A oRE-h RS SRhIRE Al

met hOQnsfeWstah@ haCiaaRhE $€ drd @os-LRIToAf re@itinisfgrm partt Yield 2zhNshaped Sz&ﬁtt&liﬂ&néd”le cn
|'min' conposition and then renpving the cured, polynerized or set
Iensfﬁ@ﬁ@ﬁﬁéh¢6ﬁlﬂeﬁeﬁ cavity and processing the sane. which may i ncl ude

denol di ngoc{dr?g en otgeﬁxatu%e&eﬂ%'n&&mm@MO% R0 B0 i Bink %ngumqy@f

packagi n ocrillzing the I ens

packagemg forﬁﬁﬁg &@ﬁ’i@bﬁabn an® bhleneelfap[a@&ﬁsitﬁ it & I \;ho?fdubtbbier Tbatime%mﬁnm:he

Pr eser:?tgmr}r)%glfglgg ﬂo%\gptgrro%;illjsa ﬂoa&\h chh‘umef a;gdccg?{its 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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gate types that automatically trimthe gate without the need br a secondary
perat iOl. K] ,-)W WD 2011/ 162958PCT/ US2011/ 039663 prior art gate types
t hat aut owet2ovalékysst ri mthe gate includes a pin gate. aPsulsasiifosocght e. a
hot runner gate, and a valve gate, such as the pin ,,e discussed herein.

[ 0064] Al t hough the disclosure erein refers to certain specific enbodinents,
it is to be understood that these enbodi nents are presented by way of
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providing a lens formng conp.)sition through the fluid channel and rue op,
an anount of the lens form ng conposition is deposited in the | ens-shaped
-avity: WwWO2011/mk458wi ng the | ens form ng conposition toPComUse@1ossbRct | ens
body retaining the shape of the | ens-shaped cavity; renoving the contact

| ens body fromthe nold block and the nold insert; washing the contact |ens
body: inspecting the contact |ens body; placing the contact I ens body in a
packagec\ff §§ pack, Plutio. sealing the package containing the contact |ens
hod and ‘Aﬂ& aine cTrj.7,nd sterilizing the package contai ning the contact
| ens ho.dv ard he produce a finished contact lens. 2. The method of claim
1 \herein tkeafaicsashedon-uniformregion of the first nold insert is

confi gured to forma depression in a peripheral zone of a c,.-,n,:aet |lens

body. g g gh{gd of Jal m1, Whel‘il n the contact |ens corrprl ses a
silicong 11\7YBrE0 OQIEmaHI" S HRRGB OB 19081 SA SHier ei n the step of washing
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t he cont act ens bod Y, 1ly-drain the contact ns and co |nat| ons
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r for an opht hal. m en
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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.



t hrough the body section and in fluid communication with the o7ening:
pl acing the first nold insert into a nold block so that the Iens fort, ng
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part of a lens-sha cd cea. |.Y providing a |lens form ng conposition through
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6. The method of claim 1, 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 1., 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.



surface is located in the peripheral zone and the depression bottom surface
either the front curve surface or the back curve surface. 12. The

opht hal mwol2engieedsscl ai m 11, wherein the | ens further , PCTIGS2QHI03BS3 an
inarea |ocated within the depression. 13. The ophthalmc |ens of claim 17,
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comuni cation with the opening, wherein the raised non-uniformregion is
configured to forma depression on an exterior surface of an ophthalnlc
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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 gate pin conprising 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

syst em ofwol2aimei®s wherein the pin tip of the gal e ni npcomseezmswes aked
projection configured to forma recess in a depression forned in a |l ens

body nol ded usin- the svs:cm

18. An ophthalmic mold insert for direct injection molding, comprising:

a body section comprising a lens 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.

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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