Bl OVEDI CAL DEVI CE MOLD FIELD OF THE | NVENTI ON This invention relates to
nol ds for formng a bionedical device, such as an ophthalmc I|ens. Mre
specifically, the present invention relates to apparatus and nethods for
fashi oning bionedical devices with a nold that includes a surface |ayer and
a core layer. BACKGROUND OF THE INVENTION It is well known that contact

| enses can be used to inprove vision. Various contact |enses have been
comercially produced for many years. Early designs of contact |enses were
fashioned fromhard materials. Al though these lenses are still currently
used in some applications, they are not suitable for all patients due to
their poor confort and relatively low perneability to oxygen. Later

devel opnents in the field gaveBIONMEDIGAEGMIEVICGNM&ED | enses, based upon
hydrogel s. Hydrogel contact |enses are very popul ar today. These |enses are
often nore confortable to wear than contact |enses nade of hard materials.

Mal | eabl e soft contact |enses anLDﬂOFHBMMBaQHWTEquy formng alens in a
mul ti-part nold where . the conblnediparts orma _topography consistent with
the desired fi hBiS IMEREON WhttsHarAlE felvsainesrhionedien detae sush asophbrliing, in

which a W%@r%r@?aeawca ki prsk%mﬁwr@i@n kdatds %D pgérxtuggﬁa &%ﬁlogﬁo\f#a%ﬂmﬂagl cal

surfaces of opposing d parts. Milti-part used ashi on rogel s
into a uséfmeda:atdewices Wsth@hmdé tlalmu@bldthfaismface layersandaagore hgérude f or exarrpl e,
a first nold part with a convex portion that corresponds with a back curve
of an ophthalmc Iens and a second nold part with a concave portion that

corresponds with a front CcHBAEGROUND OPMHEINVENTEDS. To prepare a |l ens
usi ng such nold parts, an uncured hydrogel lens formulation is placed
bet ween the copcave, and convex su faces of the pold partiops and

subsequent | y ctiieye! #avnL(hat epgtact ea%?é cppPeRed {9 &S‘FPrﬂ‘éFyV‘Ei@“cMPEWS PBiEclexanpl e
by exposuf@sdshav€bdeR@bmnRircilIPf ﬁodth’&@%t@ﬂ%y'ﬂe%t Eaﬁ?@es‘?ﬁs@c@%ﬁ'&@&ﬁés \@&E”B a
e - -

| ens according to the dinensions of th | d portions. Pa
Fol | owi ng fashioaed fremdiard Imtatlalp}rﬁaléltqugl@ﬂmq:lpafteesretshéltcurrmtlmb npmna ons ar e

separ at ed aB\ﬂQa{u&%, they are not suitable for all patients due to their poor comfort and relatively low

permeability to oxygen. Later developments in the ficld gave rise to soft contact lenses, based

upon hydrogels.

Hydrogel contact lenses are very popular today. These lenses are often more comfortable
to wear than contact lenses made of hard materiais. Malleable soft contact lenses can be
manufactured by forming a lens in a multi-part mold where the combined parts form a

topography consistent with the desired final lens.

Ophthalmic lenses are often made by cast molding, in which a monomer material is
deposited in a cavity defined between optical surfaces of opposing mold parts. Multi-part molds
used to fashion hydrogels into a useful article, such as an ophthalmic lens, can include for
example, a first mold part with a convex portion that corresponds with a back curve of an
ophthalmic lens and a second mold part with a concave portion that corresponds with a front
curve of the ophthalmic lens. To prepare a lens using such mold parts, an uncured hydrogel lens
formulation is placed between the concave and convex surfaces of the mold portions and
subsequently cured. The hydrogel lens formulation may be cured, for example by exposure to
either, or both, heat and light. The cured hydrogel forms a lens according to the dimensions of

the mold portions.
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| ens remai ns adhered to one of the nold portions. A rel ease process detaches
the lens fromthe remaining nold part. Further, new devel opnents in the
field have led to contact | enses made from hydrogels and silicone hydrogel s
that are coated with polynmers to inprove the confort of the lenses. Oten

| enses are coated by treating the cured lenses with a polyner. Recently

pol ynmer coated Ienses have been produced by coating the surfaces of a two

part nold wt ne ation to the c | ens
ol d, "our i mo. tisaoR B1RSR aBiEhlBat s DR s bR D Rk RBs 4 PEHECFiRe L e
mol d \Aherlenst,ﬂeﬁnamunﬂlmmi mfonsafmeewieﬂodnem A selepaprdedidetachdsahPrhy frem thdrat
was originally adqgred to the surface of the nold It is known that sone nold
mat eri al sSPRENEBOIEERHai n characteristics to a nold part which may be
desirabl e, such as nodulus qualities, while other nold materi al s may Er ovi de

certain char d¥®py 88 éngWt%méh%@@ﬂ haysi led fogontachlsnggs s1ids om hyelpdes
surface pJn@Qﬁ[cBh@l?ydr&'?eﬁsetﬁQtfa% Eoatdd wnpwyﬂa% kP ro T BHe Eaﬁl?orh@ﬂré &ngéaoose

between different qualities in a single plastic injection

envi r onne@fterolenses exemonted by d;ne@atgahacumdl engamithchpadygér. Beoentbi pﬂéymcrcmybd cat ed
and rel tlve ectlon ocesses. .Therefore, it would be
Stvant agasteS pvebe Sy Pt b e AR Bl R Eino d bR Rlnen iRk’ o7 °
nmol d par tunslitel f@lﬁﬁildta)hlt@tmmaﬁta@neaﬁ nfold, 6ridd QBH0) SdishiBsRqeunely Felksing@her i al

and to be able to create such a mpld part using single unit injection

mol di ng piErdeisReiEom digmplawhers thppurfagee W%@a?bﬁ%ﬁeg} withy{he B‘P‘é’%‘éﬁ‘ﬂ‘at

inventi onwgsr(g}(;é i8S 20RdrEl RARL ﬁurﬂcé BfﬁﬁHHdlcﬁ' e layers and apparatus, systems
and et hods r pfoduci nhg no parts wt nultlple | ayers. DESCRI PTI ON CF

THE DRAWNGS Rt Gknbwh b §$rﬁ@ﬁ1%ﬁdt ali AR R cclin SRR 1d fﬁ%,dgﬂah%

illustrates a diagramof an o ers
3 illust rraa)ebe dﬁmrdﬂh,tsheﬂ mrnocltémssqtmbtlds \Ahﬂhoiaelrmaldtmalenah maylpmvdbp‘ommed | n
the | ens

opht hal mi SargisEs S ik ot pr el bR, el 5 S pRgrRses. Plircoro R

mold designer may have had to choose between different qualities in a single plastic injection
molding environment or attempt to create a mold part through expensive, complicated and

relatively slow co-injection molding processes.

Therefore, it would be advantageous to provide apparatus and methods which facilitate
the use of a mold part with desirable characteristics from more than one mold material and to be

able to create such a mold part using single unit injection molding processes.

SUMMARY OF THE INVENTION

Accordingly, the present invention provides mold parts with multiple layers and

apparatus, systems and methods for producing mold parts with multiple layers.

DESCRIPTION OF THE DRAWINGS
FIG. 1 illustrates a diagram of an ophthalmic lens mold.
FIG. 2 illustrates a diagram of an ophthalmic lens mold with multiple layers.

FIG. 3 illustrates an ophthalmic lens mold with a reactive mixture deposited in the lens mold.
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FIG 5 illustrates a top down view of an ophthalmc I ens nold part
conprising a first material and a second material. DETAILED DESCRI PTI ON OF
THE | NVENTI ON Thi s invention includes a nold part for naking a | ens that
includes nultiple |ayers of alicyclic co-polymer. The | ayers of the
alicyclic co-polynmer conprise, consist essentially of, or consist of at

|l east two alicyclic polyners of different chem cal structures wherein a

first |aygp 4pn,§ I Mdes . asd eEﬁ&n@ﬂdng%ﬁ%liagTigpehQ oYtk 30 rféc%ﬁggﬁer £0s.Surface

and a second I nclu Icyclic co-poly orns a core
portion déyerhe rml d part. According to the present invent| on, duri ng an
injection nolding process, a differential in viscosity of a first nmateri al
and a sedd@ds ithisestesd topsiedntview of an ephttesici@lsdngld phrt camplings ekt traterial eat e a
mul til ayer | ens part..|n the context of this docunment, a surface |ayer and a
core | ayéfd agpqon Béidibcri bed, but it is understood that multi ple | ayers may
be forned accordl ng to the materials selected and the process conditions.

As used herein "l ens" rpEeASLED DERCRIPNIGRIOF THEENVERTIORt resides in or on
the eye. These devices can provide O%';I cal correction or may be cosnetic.

The term | ens |h|*ﬁc'PYR1’é'§“ iiigfudes a medd part \or raking@ l@r@ftbatc@frﬂw&@ﬁnql@lgé@ers of
i ntr aOCU'a% %% gnﬁ’e‘feﬁ"hﬁ}’ayln% 03 Bt aliOfic 2b- sp' pr?a?ef P LSm &Eﬁsk E&kntjd 1122? f&s
e (0] con

The preferr e Invention ar fehses ar o de fr
silicone coe:ilasﬁf otfeass t\m almydh@g@ymﬁrswiﬁdrfferannclhetndeallsuthtaneewhetelﬂ a first laglert o
si | i cone 'héidiiﬁo ﬁlgs, i | uor ohyd g{gel sl sed erei Ny t he. t E‘Fm
Tl | cyor iBApsR skt REe st S B E St e Rgieo S s o e
car bocyclgegondialiByd @6 ghomel ARd ﬁaﬁlwa@b@q)oetafnw@whbm pattngs nmay be substituted
with one or nore nenbers of the g ;{5) consi sting of hydrogen, Cl-10alkyl,

u

hal ogen, hydr o%@yprdlrtgltoﬂ@a?rkmwa@rﬂwﬁ rm@ﬂnltaaqu@amo digg arrsessapildfsrentiph o,
silyl, ar\ﬁsc%ﬁgsr%{atﬁi‘gterﬁatglaﬂaﬂﬁh%ydon%ﬁfe%al ﬁs@gt(ff%ﬁ 1&%%61%@@%&8% f&lgd from
roxyl,

one or group consi sting of halogen
Cl_1loal kcxgadma hwhydy,er ens poal lndhtwomt;mnf)ﬂnsaimumf;nu mwlfape laﬂyelr aidlaglore BExanpl es

FEILRCTE R T NN 1 AR N TR
bi scycl obﬂgtm§selg@teﬁ%a Iﬂmqﬂme;g@e@;dltmngcycl ohexanes, bi scycl ohept anes,
bi scycl ooctanes, and norbornanes. It is preferred that the at |east two
alicyclic As used herein “lens” refers to any ophthalmic device that resides in or on the eye.
These devices can provide optical correction or may be cosmetic. The term lens includes but is
not limited to soft contact lenses, intraocular lenses, overlay lenses, ocular inserts, and optical
inserts. The preferred lenses of the invention are soft contact lenses are made from silicone
elastomers or hydrogels, which include but are not limited to silicone hydrogels, and
fluorohydrogels.

As used herein, the term “alicyclic polymers” refers to compounds having at least one
saturated carbocyclic ring therein. The saturated carbocyclic rings may be substituted with one
or more members of the group consisting of hydrogen, Cy_jpalkyl, halogen, hydroxyl,
Ci.ivalkoxycarbonyl, Cy.jpalkoxy, cyano, amido, imido, silyl, and substituted C,.jpalkyl where
the substituents are selected from one or more members of the group consisting of halogen,
hydroxyl, Ci.ipalkoxycarbonyl, C;.galkoxy, cyano, amido, imido, and silyl. Examples of
alicyclic polymers include but are not limited to polymerizable cyclobutanes, cyclopentanes,
cyclohexanes, cycloheptanes, cyclooctanes, biscyclobutanes, biscyclopentanes, biscyclohexanes,

biscycloheptanes, biscyclooctanes, and norbornanes. It is preferred that the at least two alicyclic

polymers be polymerized by ring opening metathesis followed by hydrogenation. Since co-
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pol ymers be pol ynerized by ring opening netathesis foll owed by

hydr ogenation. Since co Page - 3 - of 24 polyners are costly, it is
preferable that the nolds made fromthese co-polyners may be used severa
times to prepare | enses instead of once which is typical. For the preferred
nol ds of the invention, they may be used nore than once to produce | enses.
More particularly, exanples of alicyclic polyner containing saturated

ra 4 r Raoo RSP pe i YR R Rt BRab R b8 ) Bal M BBt Bl 5

R RS R2 Rse¢varultiftles dprageee Ensbsﬁﬁs{ﬁadanfemterwlaplemdgmdlyFseﬂhe«pteefdwédrrﬁmﬂoaﬁhar

nore nenbers of the onS| ting of h Cl- 10al kyl , hal ogen,

hydr oxyl , ”E‘,‘F"ti%‘am%%%é’g’ieb’éﬁiwore Fﬁ‘b%‘? 3%}?8 am do, imdo, silyl, and
substituted ClyMbp@pdedbuiekRarhhes Sis dlfctp@%ffer%@.hsﬁtr%c&a{uﬁ-aéa QB QEITTHR
menbers of the group consisting of hal ogen,” hydroxyl,” Cl_I| oal koxycar bonyl ,

Cl. 1oal koWNdéﬂDah@e notdimniksl tojthg 9dowig S§P¢t91les Further two or more of R1-6may
be taken togethge=to forman unsaturated bond, a carbocyclic ring, a
carbocyclic rin one or nore uurated mds, or an aromatic

ring. The prefe R1-6 is| s¢lected fro gr oup isting of Cl _| oal kyl
and substituted/TIx10al kyl e the subs ents arg s¢lected fromthe
group consi sti ‘f‘n? hal og ydr oxyl , bal koxycartonyl , Cl. loal koxy,
cyano, am do, i and sil il .WThe alicyc CO- pol y, consi st of at | east

two different al 5:4 The Rirfef élgzed af/i &gclNc co- pol ymers
icyclic pol ynrer 8 ed from the group

tIOR? ;

R3
R r2 / ha RS R
R3 - and R? R*

wherein R'-® are independently selected from one or more members of the group
consisting of hydrogen, C,_jpalky!, halogen, hydroxyl, C;.jpalkoxycarbonyl, C;.jpalkoxy, cyano,
amido, imido, silyl, and substituted C,_palkyl where the substituents selected from one or more
members of the group consisting of halogen, hydroxyl, C;.jpalkoxycarbonyl, C;.jpalkoxy, cyano,
amido, imido and silyl. Further two or more of R may be taken together to form an
unsaturated bond, a carbocyclic ring, a carbocyclic ring containing one or more unsaturated
bonds, or an aromatic ring. The preferred R'™® is selected from the group consisting of C\.joalkyl
and substituted C;.jpalkyl where the substituents are selected from the group consisting of
halogen, hydroxyl, C;.jealkoxycarbonyl, C;.jpalkoxy, cyano, amido, imido and silyl.

The alicyclic co-polymers consist of at least two different alicyclic polymer s. The

preferred alicyclic co-polymers contain two or three different alicyclic polymer s, selected from

the group consisting of
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RlL 3 RaAR5 R RL Ra RRa R and R2 R The particularly preferred alicyclic
co-polynmer contains two different alicyclic nononers where the generic
structure of the saturated carbocyclic rings of the alicyclic R3 gR2
polymers are of the formula RRA and R -R are Cl. loal kyl. Typically the
surface energy of the alicyclic co-polynmer is between 30 and 45 dynes/cm at
25 C. A preferred alicyclic co-polyner contains two different alicyclic
polymers gre=i s sold by Zeon Chemicals L.P. under the trade name ZEONOR
There are |ssyeral diffterent gradgs—gf ZEONOR. Varifess) grades may have gl ass
transitio ; rangi ng f 105C to 160C. pecifically preferred
mat eri al i/S_AEONOR 1@601R, whi ch jrding the to t manuf acturer, ZEON
Chem cal s ' ¢ ("MFR") range 11.0 grans/] O

m nutes top :0 gr ang D m nut eg i tested DI SK @ 230C)), a specific
gravity ( oR' [1. Azand /gl transition re of 105C. As
used here, &term Ynolid" r f1 S rigid Ol 1SE @9 ect that may

be used tp rm | erges %4 om l‘%cure forrmlad%l e preferred nolds are
two part nolds as described above, where €i ﬂer the front curve or the back
curve of the rmlleqbart&umg@raférrédmlcgdllcccybqioﬂ)cm@@entpmhy\neﬂﬁfeeefnthh@cliaventi on and
t he other curve i de of ‘ﬁé’f ol e i pcl ude but

i
are not |THTORE Vaerofhgieard &'r%%étg? g afirf?g%bwleﬁ%off hetlioghoue) eat o
and clarified, such as, but== limted to ExxonMbil PP9544 MED(r) and
ATOFI NA PP3620WZ(r). As used|fmsgein, "released froma nold," neans that a
lens is either conpletely separated fromthe nold, or is only |oosely
attached so that it can be rgm¥ed with mld agitation or pushed off with a
swab. Page - 5 - of 24 Lense! used herein "lens" refers to any ophthalmc
device that resides in or on R eye. These devices can provide optical
correction or nmay be cosneti¢\ Fhag exanple, the termlens
polymers are of the formula R'" R4 and R'-R*are Cy.ipalkyl.
Typically the surface energy of the alicyclic co-polymer is between 30 and 45 dynes/cm
at 25 °C. A preferred alicyclic co-polymer contains two different alicyclic polymers and is sold
by Zeon Chemicals L.P. under the trade name ZEONOR. There are several different grades of
ZEONOR. Various grades may have glass transition temperatures ranging from 105°C to
160°C. A specifically preferred material is ZEONOR 1060R, which according the to the
manufacturer, ZEON Chemicals L.P. has an melt flow rate ("MFR") range of 11.0 grams/10
minutes to 18.0 grams/10 minutes (as tested JISK 6719 (230°C)), a specific gravity (H,O =1) of
1.01 and a glass transition temperature of 105°C.
As used here, the term “mold” refers to a rigid or semi-rigid object that may be used to
form lenses from uncured formulations. The preferred molds are two part molds as described
above, where either the front curve or the back curve of the mold is made of the alicyclic co-
polymers of the invention and the other curve is made of polyolefin. Examples of polyolefin
include but are not limited to Zieglar-Natta catalyzed polypropylene that is nucleated and
clarified, such as, but not limited to ExxonMobil PP9544 MED® and ATOFINA PP3620WZ®.
As used herein, “released from a mold,” means that a lens is either completely separated

from the mold, or is only loosely attached so that it can be removed with mild agitation or

pushed off with a swab.

Page - 5 - 0of 24



can refer to a contact |lens, intraocular |ens, overlay |lens, ocular insert,
optical insert or other simlar device through which vision is corrected or
nodi fied, or through which eye physiology is cosnetically enhanced (e.g.
iris color) without inpeding vision. As used herein, the term"lens form ng
m xture" refers to a prepolymer material which can be cured, to forman
ophthal mc | ens. Various enbodi nents can include prepolyner mxtures with
one or noje additives such as: WV blockers, tints, photoinitiators or

catal ysts, and other additives one m ght deS|re in an ophthalmc | enses
such as, contads usnd hemm é!@c 1raferd terasxegphtha_@nsdefvmenhaﬁgesndexnrumecm the eyaror e
fully des i be Ref erring now

excempl ar y RS G O PO S S o o st e AR ARG Bl ¢ e
terns "nokghrefntb 2 beHisht &SS SRANCULaE BheloveGaytlefi) bonldGAsdmavpin@] mser€avdther 105
into which a lens form ng m xture, can be di spensed such that upon reaction

or cure &imilapgeviga{arough mh.*r@ i$191 {frcarredies o mwh@%c} &f gayueharhiglh RRAVHPILY ens
of a desi Esecsé)s&b@oqﬁybﬁha%aﬂcefge%scoT&ﬁwﬁpé@%ﬁé%gleQnassenbl ies 100 of this

invention are nmade  up of nore than one "nold parts" or "nold pieces"

101-102. The ”Eulsq e}eﬁn ]tgél'feil'lgzleﬁ ﬁ)rﬁﬁ]gﬁﬁﬁﬂﬂgtre{’ B%E %}ﬁ&rﬁﬁ@ﬁal% &av' ty

105 i s forned I nat1 on of t arts 1 ens 1 can be
f ashi onedcar be ctdn@l uamrmym Dbthalftic Ens oﬁmlmtemimdmienlmiad indudeprd@lynd®2 i s

preferably .te Upo ens the nol.d parts 10 1-102

Can agai n HEER g Fore pubFR sy rifkeRaiie e it Shta S ol o
part” as bher mﬁtmelssw t dBsidehh &n smﬁalm@l@ﬁseemmﬁ&roﬁtabooranﬁwcmamnw‘s nol d
101- 102, which when conbined with another portion of a nold 101-102 fornms a

nmol d 100 (Lansfermingmeixiuess arpmaes fyllydesgribedsheldyy 100). At | east one nmold part
101-102 is designed to have at least a portion of its surface 103-104 in
contact wWipjdigd he lens formng m xture such that upon reaction or cure of
the lens formng m xture that surface 103-104 provi des a desired shape and

formto the pgL fe\gﬁ% ﬁ%@iﬁﬁoﬂe%' re{ntf'om &Iamgfarylﬁlolcpfof%Bﬁﬁﬁalmﬁ"@nssﬁne i's

true of at |east 101- 10 or exanple, 1n a
preferredﬂhmbmddnénnmaihmtm &ssﬂm$Pymkm@nd§nﬂdMﬁedmnﬂamktu01ﬁpaﬂﬂ@hiﬂﬁgaoz

a femal e Cz(l)vr}t%xal\f)g IIFI)t h(e]: feRs’ I’orr%ynrgvrreﬂxme canpoe cfigpense suc[}n that Upo upon Feactlon ot cu ei ece
of the lens forming mixture (not illustrated), an ophthalmic lens of a desired shape is produced.
The molds and mold assemblies 100 of this invention are made up of more than one "mold
parts" or "mold pieces" 101-102. The mold parts 101-102 can be brought together such that a
cavity 105 is formed by combination of the mold parts 101-102 and a lens 108 can be fashioned
in the cavity 105. This combination of mold parts 101-102 is preferably temporary. Upon
formation of the lens, the mold parts 101-102 can again be separated for removal of a fashioned
lens (not shown.

A “mold part” as the term is used in this specification refers to a portion of mold 101-
102, which when combined with another portion of a mold 101-102 forms a mold 100 (also
referred to as a mold assembly 100). At least one mold part 101-102 is designed to have at least
a portion of its surface 103-104 in contact with the lens forming mixture such that upon reaction
or cure of the lens forming mixture that surface 103-104 provides a desired shape and form to
the portion of the lens with which it is in contact. The same is true of at least one other mold part
101-102.

Thus, for example, in a preferred embodiment a mold assembly 100 is formed from two

parts 101-102, a female concave piece (front curve mold part) 102 and a male convex piece
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Page -6-o0f 24 (back curve nold part) 101 with a cavity fornmed between them
The portion of the concave surface 104 which nmakes contact with reaction

m xture (not shown) has the curvature of the front curve of an ophthalmc

| ens to be produced in the nold assenbly 100 and is sufficiently snooth and
formed such that the surface of a ophthalmc |lens formed by pol ynerization
of the reaction mxture which is in contact with the concave surface 104 is

ticall I . 103
P Gont astCHgh e Bish ool oF R LS il oBRi i, PRSpHERBYRE MO, o o
t he back swface |64 whichphetkaatoritact hathgedctobmixtpredoatciown rhas hig: cupvaiurass tigbl y

100. The convex syrface, 103 is sufficiently snooth and faornmed. suych that the
surface of OB Gt HAP RPN 1o K prag ore sLioe Bt orssgply Db Bomis TSy i ng
mxture kRo6@Rh@EImed bichttha thagkfassbfl AGMihhRRiciShsABin ey polRR&RLIGDIRhe

Accordingly, the inner concave surface 104 of the front curve nold part 102

def i nes t FRactn mixturg whighds it cantast with thegonsayve pefase 104y ensicelieacsentelle.convex
surface 103 of ' [ A . e
ophthal m c | engwﬁaﬁﬁggﬁg eér%ggg‘:t %ﬁ?%%oﬂﬁé%%@fﬁc%ﬁ@vlgr&ﬁo %f%é@g%%scthg al so
i ncl ude otms Germimgmextwre o histhe curvagresiidpdeick culge sf 4 Ophtidimihlehoorhean excess

|l ens material ri.ng puller 1 ngagi n cess .prepal r which is cyured
ana. bi nds PigupsiP el Sess bl 0. A VD Y e ma SR o
101-102 sepdrthdtehe syRtCat d dphtiRMAER e fBrmdAriyaeacitn 3t cre 35thcQOR foMMiihaaextafe
both nold parts. However, in sone enbodi nents, one surface of the | enses

may be foitheiact with therharkisurfage d A isgted! lyagedribie. Acsvdingbe theoprgonsivag a

| at hi ng , ) i Ley.Cld - S, in
soms. onbod iaad 2Por Mk Sk JFt RN pafTodBeli e Sl A ENE e SRBRLKTELS .
facilit at evhilaéehesmparcanvearsudicet 1198 of grdatlomoldygeceuf aefises thetneresurfaee ofabihesi on

of the cured,l.ens to the nol di ng surface, or both, Far..exanple,. additives
aUch s mERPAITGS g Ao eE P A EreGl F Bak S pafh 4L AR SR MeBF JBt 81 ene
or pol ypr aRyd eimReMBX 86g sIpB@ALSes 1PN OHRIMALAN 88 ERISs lcB MR riRSIuBES] by
al cohol esters may be added to_ alicyclic co-polynmers prior to curing said

pol ymer s €BeaBBIeAEeshBreRo!lYmeapicdds eredachbindidp thesidges smihphi madde renevedr e not
L SRRV RS Con ) nane 160,921 (2 5| cone
Regi stry No. 25@pi8alf3efies are formed on at least one surface of both mold parts. However, in
some embodiments, one surface of the lenses may be formed from a mold and the other surface
could be formed using a lathing method, or other methods.
Aside from the alicyclic co-polymers, in some embodiments, the molds of the invention
may contain additives that facilitate the separation of the lens forming surfaces, reduce the
adhesion of the cured lens to the molding surface, or both. For example, additives such as metal
or ammonium salts of stearic acid, amide waxes, polyethylene or polypropylene waxes, organic
phosphate esters, glycerol esters or alcohol esters may be added to alicyclic co-polymers prior to
curing said polymers to form a mold. Examples of such additives can include, but are not
limited to: Dow Siloxane MB50-321 and Dow Siloxane MB50-321 (a silicone dispersion),
Nurcrel 535 & 932 (ethylene-methacrylic acid co-polymer resin Registry No. 25053-53-6),
Erucamide (fatty acid amide Registry No. 112-84-5), Oleamide (fatty acid amide Registry No.
301-02-0), Mica (Registry No. 12001-26-2), Atmer 163 (fatty alkyl diethanolamine Registry
No.107043-84-5), Pluronic (polyoxypropylene-polyoxyethylene block co-polymer Registry
No0.106392-12-5), Tetronic ( aikyoxylated amine 110617-70-4), Flura (Registry No.7681-49-4),

calcium stearate, zinc stearate, Super-Floss anti block (slip/anti blocking agent, Registry No.
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Erucam de (fatty acid am de Registry No. 112-84-5), Oeamde (fatty acid
am de Registry No. 301-02-0), Mca (Registry No. 12001-26-2), Atner 163
(fatty al kyl diethanolam ne Registry No.107043-84-5), Pluronic

(pol yoxypropyl ene- pol yoxyet hyl ene bl ock co-pol ymer Registry

No. 106392-12-5), Tetronic (al kyoxylated am ne 110617-70-4), Flura (Registry
No. 7681-49-4), calcium stearate, zinc stearate, Super-Floss anti bl ock

l'i p/ ant | ki ' - Pages 7. of =2)
veospher e8! BNEH Beqflhs bl olpRlh ioBlR: Lol ARBCBRTINEY ) aci g
ani de), Kemide), Kenfahsitd (fatacacd amiddy Licoviag datexaciddrhide adymbraed B246 SRy KbAPer
B246SF, XNAP | yvet hyl | : | ti-stat idi zed
bean o I Poapey RS AFsel u ey Gif-<EP oS Sulfiah ok bl buftied Miskam o
acid, pentigesyy, bdiéiti@l caftRhhShcdanidhéld, FerehylirRolacth ieafiRgls@tenic BAS-Pbne Met hyl

cel |l ul ose, cocam de ianti - bl ocki ng a%]_ent Regi stry No. 61789-19- 3%}, POl y
vinyl pyr 48 Bicthyl sty csecormpida enticacldpaent feegitnse o891 A-3ursly Pat No.
>, 690, 865 Wy ﬁ‘?ﬁron'd&oh@gs%%}bob RERH BRA ﬁ‘&:%@dipkfe RSB REUIST phitiSo. BTHY0T8RS 36vh]ic;|:1he
preferred additives are polyvinyl pyrrolidinone, zinc stearate and glycerol
nono st ealsateesbywhermraecdby giitreqeric @ne@getyofThe ddifd¢rredeslditivas&d palyeimyt he t ot al

wei ght of the.polyners is about. 0.05 to aboyt 10.0 wei ght percent., . ..

b ef or abl VARt o veraau o mud TP oYy MRidlberBRRRAN pives
percent. bikeQPEh ERALI EEHIDS tHerpoRGliré is@Bokt®.(BAdiabbtg8.0 WéightgRRRAGL | On Of
the lens froma lens form n% sur faces ma?/ be facilitated by applying
sur f act anPEfareply gout 843 ¢ abant Y, gptipaeleably aboutds) weight paentabl e surfactants

i ncl ude Tween Io%ﬁ%}n?&ﬁﬁmen@s?ﬁﬁ At @b Yadh mhég?;ﬁﬁtgﬁ%?meh% frd a ns-  Pat.

No. 5,837,314 ereby 1 ncorporated by reference in Its entirety and
Span 80. fadmireysuefeeasphaysbedhcibtatedddytapplymgandadans toobe tins forlig; suPkates. No.

5,264, 161 which i by, i d b f in i irety. Still
Further . FAOBBA vf o80SR BB bes et iir Sor Eals g s of fiived

i nvent i onifMB)s. P&ONb a3, B3 Q8 iewhipR isH¥EdbS isisedorasd Polefaeap)h anentirpglae s sne,

pol ystyrene, pol ynet hfyl met hacryl ate, and nodified pol yol efins containing
an al i cyclOtker gianles afpusipganinang dasslosed inthp. Passdiinshae4. 181 Brhistuls derebhe

alicyclic ilﬁgfcpgpgtwéf@gge Relyaieayl ene (Zieglar Natta or metall ocene
catal yst process w'th nucleation, ere ATOFINA EOD 00-11) may be used,
wher e the rati Btilhjurthasiigaddiper odht dgeclef coapdlpyes, the voldsoif jheanvention may
pol ypr Opylcgn &in'o %9Sglyﬁlgl%ngu&bgsuﬁolygpgréplylente,o poq?e?l%;lene, polystyrene, polymethyl
methacrylate, and modified polyolefins containing an alicyclic moiety in the main chain. For
example, a blend of the alicyclic co-polymers and polypropylene (Zieglar Natta or metallocene
catalyst process with nucleation, where ATOFINA EOD 00-11) may be used, where the ratio by
weight percentage of alicyclic co-polymer to polypropylene ranges from about 99:1, to about
20:80 respectively. This blend can be used on either or both mold halves, where it is preferred
that this blend is used on the back curve and the front curve consists of the alicyclic co-
polymers.
As used herein, the term “uncured” refers to the physical state of a reaction mixture
(sometimes referred to as “lens formulation”) prior to final curing to form a lens. Some lens

formulations contain mixtures of monomers which are cured only once. Other lens formulations

contain monomers, partially cured monomers, macromers and other components.

As used herein “lens forming surface” means a surface 103-104 that is used to mold a
lens. In some embodiments, any such surface 103-104 can have an optical quality surface

finish, which indicates that it is sufficiently smooth and formed so that a lens surface fashioned
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20: 80 respectively. This blend can be used on either or both nold hal ves,
where it is preferred that this blend is used on the back curve and the
front curve consists of the alicyclic co- polyners. As used herein, the term
"uncured" refers to the physical state of a reaction mxture (sonetines
referred to as "lens formulation") prior to final curing to forma |ens.

Sonme lens fornulations contain m xtures of nononmers which are cured only

once. O h . S,
et omer o Pt PR RS Ae 0, ofiple e PRy Pl e SHERE THRRIRL 2.
a surfac ea@@&aﬂl@AFuﬂﬁm msoms eoibbdimepisdthalenk émmng smr&omaOkh&ﬂoa:hndam s, any
such surface ve an. op surface inis ch

i ndi cat esg?%etjfry?ﬂf'gt l§ne§,ﬁ§s]a]iy P &R e h%%f]ﬁs"g dﬁ%lE?d X %Pﬂafﬁlarﬁ“fﬂéﬂkcs’sur face
f ashi onedirkRR@arg v&tmfueﬂmhyndmepmﬂbaanaphmhl 0 cofinder bewer, haioTrog abBirg&lonal in
contact with the nDIdlng surface is optically accep table Further, in sone

embodi nentyrectipl cpral tpppgranky cgUth@e@nqé@ 1&@45 wsH aﬁa%c%n bipasiowetherEofhat i s
necessary to inpart to the Ilens surface the desired optical characteristics,
i ncl udi ng wi t hbient survs matd parts 18Haed bagk curva iotdpartsdi02 b%wmcrmm togessHon. wav e

front_abets ajeh 8fBAEE BELIAR: AORIEAL W AROGIARNLCRAL SR A OFIILS 25

wel | as any conbi nat| ons ereo ont cur arts curve
nol d part sptilcﬁzdletamobesurfupenmd«stanﬁ othleeph;stcaba’mprratmnse'xm tekuIMrmmmilannfaon‘Uring

contact | ens defects su s .edge chips,. tears s, .delam.,nation pulls,
OB R O O e A B Rl R g Nt Rt A L
result f rammmag@sctw EXHinpl & aQfe®pPopyfdae %@&p&'ﬁﬂﬁ& Qrovﬁ%qhxpﬂﬂfeﬂ kedlcar plastic
resin can provide particular advantages and _disa vant&gpa For exanple, a

pol ypr opy Restiéiesnd ygidware reajivelydess desifabisrdimensiongt stalibty. st ol soms, maéw yet
have rel a aygis%g bk 518185 VhaRls gllugﬁ i onal stability. Cost of sonme materials
a

may al so ¢for invarious applications. According to the present

nvention 2 LAY IRl S REBYL A5t 0k STV HGR0ERE pRL AR Ly from

a first allcy I'C CO= herel n
qual ity f stabiliey frm:ad‘ms:t apojrqholcefplolynm{tmnétyafm “‘(dnera@rbﬁaﬁﬁcbzr surfude faadiey framar ") .

Met hod Ste urt this invention includes met hod of making an
opht hal mi ééjcpgfﬁgo'ﬁﬁtllpﬁn £¢ g%lgmleh reinafter surfu ace layer .

Method Steps

Further this invention includes a method of making an ophthalmic lens with steps that
include dispensing an uncured lens reaction mixture into a mold comprising, consisting
essentially of, or consisting of, an alicyclic co-polymer wherein said alicyclic co-polymer
includes a first alicyclic polymer and a second alicyclic polymer, each of different viscosity. IN
some embodiment, the first material and the second material can also each be of different
chemical structures. The combined materials form a surface layer and a core layer, such that the
core layer includes the first material and the second material and is essentially covered by the
first layer. In addition, at any given cross section, the amount of the first material present in the
surface layer is greater than the amount of the first material present in the core layer. The terms

lenses, alicyclic polymer s, and molds have their aforementioned meaning and preferred ranges.

Referring now to Fig. 2, a flow diagram illustrates exemplary steps that may be
implemented in some embodiments of the present invention. It is to be understood that some or

all of the following steps may be implemented in various embodiments of the present invention.
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i ncl ude di spensing an uncured lens reaction mxture into a nold conpri sing,
consisting essentially of, or consisting of, an alicyclic co-polyner
wherein said alicyclic co-polymer includes a first alicyclic polyner and a
second alicyclic polyner, each of different viscosity. IN sone enbodi nent,
the first material and the second material can also each be of different
chem cal structures. The conbined nmaterials forma surface |ayer and a core
| ayer, such th ore laye ncl udes the.first teri second
ot ai - and 13 L Beefiah oo S bR st O Fort B EF Rl AR e g F any
gi ven cr osasfasebiyéramd atdos: lapunt of the first nmaterial present in the
surface | ayer reater fhan_the am) nt of the first te present in
the core Iayerﬁef?‘%’é‘gtt%?fgsEA} %1%’8%'11’6&?% Uoysri ’%Olﬁﬁ??ﬁ%}b%g? FFL!’W"E@“’IW&\% t heir
af or enent j.gfewo Hﬁ?e'ﬂlal%gmﬁﬂéiw@éc%ftfHff%?enh@l“ﬂ%‘e—1 E@[tl(ﬁf ﬁbl@%g’}%‘ée%?cdﬂdﬁ:on@use@ flow
diagramillustrates exenplary steps that nmay i nplemented in sone

enmbodi mentodfout thetreold pegedhe yrnmaterials can be m§crbt¢ dyenismiblle et @ vuerosdenic lexsheAor

all of th oII var £ f the
present 1 AR YHON aRdEP Sorgtions el G RTBKFH, R bO VRV AIIRRLE . o o
used to fokhide ﬂnﬂﬁahipa:yelfe tafﬁbdaqnamfthmmjeatéﬂm@tanalssmef@e@d dfayﬁctmrdtl@e core

| ayer. Referr.ing t 200athe mul ti er nold part can be faorned
by combi nfAGTAE: h FB’é?éft“ng \mﬁ harhishitiy atgrin aig w%&h %eoal?qt&y&férhpfravneapseﬂhe

i nj ectionjyRé m&ﬂo@ﬁﬂﬁﬁ%p&@&g'tﬁé Qﬂcsofuas ude@ irf e mjééiﬁ)nmlgmg%wcess-rﬂﬁi two
material s can E)e m scible or mscib a mcroscopic |evel

i nj ect i onothe idiealdorompiding \ergbleh At 2@% ﬂweﬂvldrpﬁrédan e m@tlpm m&?ll@dt he VI sc05| ty
differential cgpy..| g(hl gzda%am QFE% 2 HPﬁ(ﬁhthehfea§t‘Form\ef‘l[ﬁﬁrlér(ﬁes&fibedhﬁ nlodd @&%F?

material s; the Spee nj ecti eria essure un

whi ch t hebetawpisidapsitad mto afiese et parh2gebirkts wilokd & dhape tham)phthulmdlens h0d. he
i njection di ng, proce the size of .a.gate used in the injectign nolding
process, EHD ﬁrsb'ﬁlﬁ@rpaf’tr'}]léﬁ‘#qsélﬁuﬁ%?eé?ﬁé ofafi ?%H}a?é‘afaﬂd 6N Py “’H{?Pg part can
be i nj ect {@fpriggdeshifalefef hicddo AW tBIBIbMeliRaldedice 2ThéMirs ibid pdieal REREILEAN

M xture (described in nore detail below) is deposited into a first nold

part 102, 2wk ddyer alsafdrmed Eametbe Srsapeterinkang e seapnd Batedpgndeesentiatyecoveredt
mol d pa”bif {h%'fH&%ye? ﬁUJor@iﬁ td t%’g{eaa{t 1rﬂ/fer1f 6&351»[];9@ énadroﬁ@gc@eﬁﬁsgﬁgqﬂ%ffef i al

and conpri1sing urface a ea u omsdl e first
nol d part thalfsa mamla:hpl&sentm theserficayeer &l gsentdrohiamabe dmount tolfi eheffirstahatenitl er i al

and the second. nﬁter ? and essentially covered
present in the core layer.

At 202, the first mold part 102 can be combined with at least one other mold part (the

second mold part) 101 to shape the deposited silicone monomer or other Reaction Mixture.

At 203, the Reaction Mixture is cured and formed into a lens 100. Curing can be
effected, for example, by various means known in the art, such as, exposure of the monomer to
actinic radiation, exposure of the monomer to elevated heat (i.e. 40°C to 75°C), or exposure to

both actinic radiation and elevated heat.

At 204, the first mold part 101 can be separated from the second mold part 102 in a
demolding process. In some embodiments, the lens 100 will have adhered to the second mold
part 102 (i.e. the front curve mold part) during the cure process and remain with the second
mold part 102 after separation until the lens 100 has been released from the front curve mold

part 102. In other embodiments, the lens 100 can adhere to the first mold part 101.

At 205, in some embodiments of the present invention, the lens is exposed to a hydration

solution. The hydration solution can include, for example, deionized (DI) water. In addition,
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by the first layer. According to the present invention, at any given cross
section, the anount of the first material present in the surface |ayer is
greater than the amount of the first material present in the core |ayer. At
202, the first nold part 102 can be conbined with at | east one other nold
part (the second nold part) 101 to shape the deposited silicone nononer or
ot her Reaction Mxture. At 203, the Reaction Mxture is cured and forned

into a ! ange Laoainthlsn i21d2%n & IR6E aridlinfAR R fore BYaiNGLT QR pERANS Known
inthe art. SUCh &S, EXPOSUT € "0 e’ MoNoMer 1o act i nic radi art o, exposur e
of the nBOTEWwekD 8€)vehie Bhoh@alethylem: sodfian nondbl€ite; Dyloeapphutyéphemoxybot h

actinic radiation and el evated heat. At 204, t [ rst .nol, 01 can be
separ at ed¥¥e et”ﬁ)eetE@l‘?gr‘?Hl }eﬁcgﬁ};tprefﬁﬁati“'ﬁs &e'g'%tﬁoh@‘l B‘?‘gf,lgg&h:‘ ‘N some
enbodi MenhforhdxRdin gl'il@ori]a@,lfg)él%tjoéeﬂ?e‘{@(ié’éé rflﬂit‘nﬁfbsﬁl‘,)mﬁl5’@‘!.1&3,eﬁ(ﬂS)ﬁjex@'ﬁ’lleﬂllylei'ﬂi_@-r t 102

P

(i.e. the front curve no art) during the cure process and rémain with the
second rhigudnidarantibacteriy pgantss dybsicants: saliandibufferse In eofee arobodimentbedpitived eased

fromthe I : . 102, ' 1 - 100 can
adner e 1 6°f PErgRY e BBlAoR B aployR Ve IR TR Eand 196 1 Oigh®
present itavambalanvelit less thansbous | @gposedishit.o a hydrati on solution. The
hydrati on sol ution can include, for exanple, deionized (D) water. In

addi tion, Pag®e terdfdratuef oPhe dodrati@niaddionesi Be a@ywHenClrod eaifra@ing 0bISear
solution with one or nore additives, such PEG P Tween 80, which is

pol yoxy etyI"8nRoIFhilt & AT dﬁ%&@@?mwﬁwﬁggiweeag%Fﬁﬁﬁﬁéx > NAFVGRINA ene)
et hanol ; arphel&ehwech Q55 CRIngYSF vatives (e.g. EDTA, sorbic acid, DYMED,

chl or hexadi ne ¢l uconate; hydrogen peroxide; thinerosal; polyquad,

pol yhexanet hylggngg,, &ﬂH@Bﬁﬂﬁélm@%hPmttGEﬂe?lgd?‘%i%ﬂ%élhtiw@e[d &%&ﬁﬁypmé&’s‘y and

buffers. In so enbodi nents, ad litives n be added to the drati on
sol ut i on vwashiagopraysngy seakinggsubstengiag, od a0yl Génatriviatib® %l ithe aketegientionedutor

cunul ati vel | ess t han.,about. 10%,b ight. The,t ratures ,of t
L oSl SaE Be Bt MEVGY A0 ke wiRE hETRSLBIMEE SRl 1°,

however, detonized prask efid PBGtA000 id heydretrgpacwéur es between 30 C and 95 C, and
even nore preferably between 45 C and 75 C. Exposure of the ophthalmc |ens

100 to the hydiatydane &eldiséssy waRinfRan ate@andn e At curve mold parts 102
containing lenses 100 can be placed in pallets or trays and stacked vertically. The solution can
be introduced at the top of the stack of lenses 100 so that the solution will flow downwardly
over the lenses 100. The solution can also be introduced at various positions along the tower.
In some embodiments, the trays can be moved upwardly allowing the lenses 100 to be exposed

to increasingly fresher solution.

[n other embodiments, the ophthalmic ienses 100 can cycle through exposure to a
hydration solution, such as DI water which is dosed into the mold part 102 and the retention area
106 during the hydration step 205. At 206, some embodiments can also include rinsing the lens

of residual hydration

According to some embodiments of the present invention that expose the lenses to the
hydration solution via submersion, magazines can be accumulated and then lowered into tanks
containing the hydration solution. In addition, in some embodiments, the hydration solution can

be heated to a temperature of between about 30°C and 72°C.

Apparatus
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washi ng, spraying, soaking, subnerging, or any conbination of the

af orenenti oned. For exanple, in sone enbodi nents, the | ens 100 can be
washed with a hydration solution of deionized water and PEG 2000 in a
hydration tower. To hydrate the | enses by washing in a hydration tower,
front curve nold parts 102 containing | enses 100 can be placed in pallets
or trays and stacked vertically. The solution can be introduced at the top

of the stack o nSEe . to bk i i el £ rdly over
the 1ensee. 100ReTRGRMOMHE b MK AR bl BholichpdBit HRIBNELE Y, o0
al ong t he pteeesing stdtions dhte3 @htheidiamba utilizedhe irhplayenta@onsé thepresntipvantich .y In

allowing the | enses 100.t0 be exposed .to j asingly fresher solution. In
other embSHRITEedAROdRaP i B PE et 0 T fE peeersife gt ORIBE L 6 (o a
hydr at i on |g@ésUtonas a FatfsPordebhantidt 805, WeGRinkfordRe@dnisnt305che inthldd faart 102
and the retention area 106 during the hydration step 205. At 206, sone

embodi nenesreRe opg AGNPEEILAFEbYE EPTHEYLARd papbsystem ingsnigngion ik alqcemotion
Accordi ng hodi : i E e
anses oM ATRPRUET Ry o bil? SRR AR of BYRRIN AR mTERRAR
accunul at edrizdspebdémotopwenther knotwa drave lgecharosm Gionsmgvit)he hydr ati on sol uti on.
In addition, in sone enbodi nents, the hydration solution can be heated to a
t enper at ur e of Sbheatwméodiateoutcad 0Cludn dackXirfadgpakigiatts 1 Paplaced ih paletofnoR 4

Referring now. tq Fi 3 bl ock diagramis illustrated of apparatus

Cont ai nod S 5E BRIain bR oY SO B0 s MEGHaE R 00 TGPISen 28R of ot

i npl enent atdceRfgtiatioREIPI-SRENA chRY@BL drQfher bontrodRMPOPERTRIIpBE ST OSHNIERE S,
processi ng stations 301-304 can be accessible to ophthalmc |enses 100 via

a transpof® thepeacassingntamss 3GHa04 oanapier endwoakahiesassost each sfatien dak3pbend
exanple o of I i junction
wth o | oasnalorel Sulond ool RO RIS AR B AL (RPN RIS o
hydr aul i c bamehathe progesssateds BY1-a04.vari abl e speed notor or other known drive
mechani sm (not shown). Sone enbodi nents can include back surface nold parts
101 pl aced in palcksing staiohs 36hd0dYan iddedepfilr lerdrspleain ibectimvadlding stdtien 301.

transport Aq?lger}gjréict?ong r%gl%in%esttzytvi%ﬁgoti ,V}gjegtlionnr%lsing apparatus deposits a quantity of a
Reaction Mixture, such as, for example, a silicone hydrogel as described above, into the front
curve mold portion 102 and preferably completely covers the mold surface 104 with the
Reaction Mixture. The Reaction Mixture should comprise any material or mixture of materials,
which upon polymerization yields an optically clear, integral shape-sustaining contact lens or

contact lens precursor.

As utilized in this application, a "precursor”" means an object which has the desired
relative dimensions and which upon subsequent hydration in water or buffered isotonic saline
aqueous solution can be worn as a contact lens. Examples of such compositions abound in this

field and are readily ascertainable by reference to standard literature sources.

In some embodiments, polymerization of Reaction Mixture can be carried out in an
atmosphere with controlled exposure to oxygen, including, in some embodiments, an oxygen-
free environment, because oxygen can enter into side reactions which may affect a desired
optical quality, as well as the clarity of the polymerized lens. In some embodiments, the lens
mold halves are also prepared in an atmosphere that has limited oxygen or is oxygen-free.

Methods and apparatus for controlling exposure to oxygen are well known in the art.
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processi ng stations 301-304. A conputer or other controller 306 can be
operatively connected to the processing stations 301-304 to nonitor and
control processes at each station 301-304 and also nonitor and control the
transport nechani sm 305 to coordi nate the novenent of | enses between the
process stations 301-304. Processing stations 301-304 can include, for
exanpl e, an injection nmolding station 301. At the injection nolding station

301, 11y ect o ARLNARRPALAHASCARSLS (8 SUAN LA AL kB BRAFALAD, M XL Ure,

such as, for exanp |cone escri oV 0 'the front
curve rmIPdlymlntzatmn id pi faalely pareibe babjyyexpomg ht Bleyctmmb&'mmré beea sokad fur f ace 104

with the. .React M xt Th t M xt
ot o7 al, TSR P STATDIE (B B O st Pocs FERDegh feEan

opti cal | %ta6bi303 theRFRQirluded aRfarahushaiprdvide LR iniBAfondT thEREYcAsH | ens
precursor. As utilized in this application, a "precursor" neans an object
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anpl es

as a contact suc osl tions aboun ileld and
are readiimtynsagzoémtmnmdilaémbyl ergf/er}dmmaaaradlehtoahdwldof tiht bnkotthates sdliciedso | n
sone enbodj.ment nerization of Reaction M Xxture can be carried out in
an at noé'Bh%FFEO@FFﬁ %’Ht rol l ed exposure to oxygen, including, in sonme

enbodi nent s, xygen-.. free environ because oxygen can enter into side
aa0t] o, whi SsaRe RGIURETS GUENE JAOTOH el SOHE IR be CILectiiiq raise theyo

clarity Qémée'i‘eﬁux@%'fﬂéﬂ(éaé@&b MBS td Qteﬁ%ﬁatﬁ@@@ﬁi’cﬁﬁ%%sﬁthﬁ’e ﬂn%Be?ganHPbﬂh@a' Ves
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oxygen- f pebmerigioncad taerpnigsisa thetterdener ofdbhReastipn Mjxexgteshriek @la‘lrtg%b‘gen are
Ik
we ”ng@?%d:th%@ﬁ/sae&boseﬁ e illgmﬁé ra%Aatl'Ahg ih'é'l%bib?otn}ﬁ? rﬁ;gr% gojﬁlyrﬂ&iz‘dﬁc?n

appar at u I'Zing the gacti on xtur on I's
pr ef er ablSpmeamboéithentstcab yheeotpesnalgdet hieeaRemodeithat chh riaintan the temposucesfolie
initi can i nc].ude for e, or. npre of.. actinic.radiation

L hont Keadiibn WitEE oGS e PR BB B0 poh e s b to

source ofpolymehmg) ove thel 1B BaAGHPRmpMatthdIbehé gRI9MeH 2 drodiRt bbolé pt curve
nol d 102. sone enbodi nents, actinic radiation can be sourced from bul bs

under mseﬁﬁemrrgetemﬁr@tua%wﬁtﬂ robanarizinge ISuchTis@PBIAISE Cammyary Motithreidgriity and
amount of the components in the Reaction Mixture. In general, some embodiments include

apparatus capable of establishing and maintaining temperatures on the order of 40° C degrec to

75°C.

In some embodiments, a source of heat can include a duct, which blows warm gas, such
as, for example, N3 or air, across and around the mold assembly as it passes under the actinic
radiation bulbs. The end of the duct can be fitted with a plurality of holes through which warm
gas passes. Distributing the gas in this way helps achieve uniformity of temperature throughout
the area under the housing. Uniform temperatures throughout the regions around the mold

assemblies can facilitate more uniform polymerization.

A mold separation station 303 can include apparatus to separate the back curve mold part
101 from the front curve mold part 102. Separation can be accomplished for example with

mechanical fingers and high speed robotic movement that pry the mold parts apart.

In some embodiments, a cured lens which includes a polymer/diluent mixture can be
treated by exposure to a hydration solution at a hydration station 304 which removes the diluent

and ultimately replaces the diluent with water, whereby a silicone hydrogel lens is formed
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intensity of actinic radiation in a given plane parallel to the axis of the
bulb that is sufficient to initiate polynerization. In sone enbodi nents, a
curing station 302 heat source can be effective to raise the tenperature of
the Reactive Mxture to a tenperature sufficient to assist the propagation
of the polynerization and to counteract the tendency of the Reaction

M xture to shrink during the period that it is exposed to the actinic

radi ation,.& r s g : ' ' SR &5 [ S can
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Pat. No. 5,965,631. Further polymers that may be used to form soft contact lenses are disclosed
in the following U.S. Pat. Nos. 6,419,858; 6,308,314; and 6,416,690.

Other preferred embodiments of the resent invention can include lenses of etafilcon A,
genfilcon A, lenefilcon A, polymacon, acquafilcon A, balafilcon A, lotrafilcon A, galyfilcon A,
senofilcon A, silicone hydrogels, inciuding for example, lenses described in U.S. Patent No.
6,087,415, U.S. Pat. No. 5,760,100, U.S. Pat. N0.5,776,999, U.S. Pat. No. 5,789,461, U.S. Pat.
No. 5,849,811, and U.S. Pat. No. 5,965,631. Other embodiments can include ophthalmic lenses
made from prepolymers. These patents as well as all other patent disclosed in this application

are hereby incorporated by reference in their entirety.

Injection Molding

According to some embodiments of the present invention, a surface layer and core layer
mold is injection molded with a single unit injection molding apparatus by blending or
compounding plastic resins with different viscosities under conditions present during injection
molding conditions used to form the mold part. The blending or compounding methods can

include, for example: simple hand/machine blending; single screw compounding, twin screw
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In sone enbodi nents, a heat exchanger 307 is used to maintain the
tenperature of the hydration solution at a tenperature greater than typica
anbi ent roomtenperature. For exanple, and without limtation, a heat
exchanger can be used to raise the tenperature of the hydration solution to
about 30 Cto about 72 C. Lens Materials As used herein "lens" refers to any
ophthal m c device that resides in or on the eye. These devices can provide
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hydr ogel s, i nchudiengelfeﬁrcoﬁpam 1ésin |1ﬁ5113&81 tdﬁﬁlgh tHeaflbo It RatiySa fiva hemdriaNaiil
6,087,415, U S. Pat. 100, IUi’i No. 5, 776, 9?9 U S. Pat.
5, 789, 461 SeParatg oypsg the Sﬂﬁaceif;’fﬁl?g“@lﬂfa“éﬂ@l asecpny marggal willggparag put ‘@Jtt'PF‘er

enbodi WEHE&-e%gﬂlellﬂgh Pg@w@_ht hal mc | enses made from prepol yners. These
patents as well as all other patent disclosed in this application are

her eby i ncor pofnastoﬁfé Cg%gpﬁlfleﬁl?sg ﬂ%%étﬁ' idi RGthTa 16RE &% Viscdsith S k& t&’ﬁb@'té‘ﬁle

Accor di ng to sone enb e pr esent inventi on, a surface ayer and
core | ayesurfatm BaN-#82 phhe otdldparhd}ckand th hiphex nmlmwesrunmtaterlmlj withttershtonrerhalhng

apparatus.b bIe r q%n t|c resins h diff
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used to f ardnytdhenredsd sgutioh xheTxhaexballeﬂdﬂ tﬁ@h@her&ﬁémﬂ@m dito gviliveé ﬁtmdﬁgleean

i nclude, for exanple: sinple hand/ machi ne bl endi ng; single sc

conpoundi ﬁ@ce@t\mtwn dip p gygface layer 401-402 as compared with the core layer 403. Slmllarly, the
lower meit viscosity material will separate into the core layer 403 such that at any given cross
section, the amount of the low melt viscosity material in the core layer 403 will be greater than
the amount of the low melt flow material in the surface layer 401-402. In some embodiments,
the first material and the second material can include two same type resins but the first material

and the second material can have different melt viscosities at the conditions present in the

injection molding process used to form the mold part 400.

Various embodiments can also include a first mold material with a lower surface energy
that separates out into a surface layer 401-402 and a second material, with a relatively higher
surface energy, which separates out into the core layer 403. Conversely, it is within the scope of
this invention to include a first material with a higher surface energy than a second material. In
another aspect, a first material can have a higher modulus or a lower modulus than a second

material.

Specific examples of material that can be used to practice the present invention can

include Zeonor 1060R® and polypropylene, such as ExxonMobil® PP1654 or PP9544;
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Page - 14 - of 24 conpounding; or nultiple screw conpoundi ng. O her
enbodi nents can include apparatus that utilizes two or nore injection
nol ding units to inject two or nore materials into the nold cavity.
Referring nowto Fig. 4, a nold part 400 is injected nolded froma conpound
resin that includes at least a first material and a second material, and as
descri bed above, each material can include one or nore of a polyolefin and
an alicyclyj, t i n be
acconpl | SR abd BB prop Pl e Gfhr BB Ppolk iyt ol RB kR o)
desi gned tpolyWaB'haIwhOtl,mdmdted cqnabmmm@ ohtliffzramt xmtemat@' semd tﬂ@&eamwplus hi ng t he
nel ted conq? [¢ ne5| Hggoggh the nold cavity until it flows to a distal

F nglanbart 10

end 406 o " As the nelted conmpound resin is pushed through
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have different nelt viscosities at the conditions present jectlon
mol di ng pnmdes;srfwéatfetr oOfler first h@tmISdinpamqondaraterthsrrna){j@vedﬁﬁmim’mattos\Adnm al so
i ncl ude a fErst wer, surface energy that separates

o 1ne o2 geBie b Rt R p b ol s R B mater ol i th a relatively

hi gher surfac ner ch s out to the core.layer 403. .
Conversely. 1t ReTHIRMn i HEw S2oBE G B¢ fickrs ot St Sricobs! hob dueraciqriise
material wh tHe pResBhtdRedntiSh bleaBEWRNEIZOVA iiNAta@s § eReNskciBt 64 Abld Jakt as@nGdNEr
aspect, a first material can have a higher nodulus _ or.  a | ower nodulus than a
second appear if viewed through a scanning electron microscope (hereinafter “SEM”). Fig. 6A

illustrates a polypropylene surface layer 601, such as for example, ExxonMobile P9544 ® and a

core layer 602, such as Zeonor 1060R®, in a blend of 55%w.t. core material to 45% surface

material. Fig. 6A also illustrates a transition 603 from the surface layer 601 to the core layer

602.

It can also be noted that unexpectedly, the addition of an additive containing siloxane,
such as Dow Corning MB50-001 (comprising essentially 50% polypropylene and 50% siloxane)
in an amount of about 5% into a blend of the two alicyclic polymers will additionally result in a
majority of the silicon separating into the surface layer 601. Therefore, it is within the scope of
the present invention to include additives, such as siloxane containing materials in the combined
materials used to form a mold part. For example in some preferred embodiments a material
including up to about 10% siloxane can the mold material. Other additives are also within the

scope of the invention.

Referring now to Fig. 6B, a cross section of a mold part is illustrated as it may be viewed

through an SEM at a higher resolution than Fig. 6A. The high resolution cross section reveals
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material. Specific exanples of material that can be used to practice the
present invention can include Zeonor 1060R(r) and pol ypropyl ene, such as
ExxonMbobi | (r) PP1654 or PP9544; Page-15-of 24 pol ystyrene and

pol ypr opyl ene, Zeonor 1060R(r) and pol yvinyl al cohol; polystyrene and

pol yvi nyl al cohol; and other conbinations of different material or sanme type
resins with differentials in nelt viscosity Referring nowto Fig. 5, chart
500 illu t ] a L. l |S|ng
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desired modulus characteristics and dimensional stability. Some embodiments can include a

core material of a low cost material, such as, for example polystyrene. Still other embodiments
can include a multilayer mold formed with two or more resin materials with different shrinkage
or thermal expansion factors which can facilitate lens demold and lens release during hydration

at selected temperatures.

While the present invention has been particularly described above and drawings, it will
be understood by those skilled in the art that the foregoing ad other changes in form and details
may be made therein without departing from the spirit and scope of the invention, which should

be limited only by the scope of the appended claims.
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majority of the silicon separating into the surface |ayer 601. Therefore, it
is wthin the scope of the present invention to include additives, such as
sil oxane containing materials in the conbined naterials used to forma nold
part. For exanple in sonme preferred enbodinents a material including up to
about 10% sil oxane can the nold material. Oher additives are also within
the scope of the invention. Referring nowto Fig. 6B, a cross section of a
mol d part yisiddidskiated as it may be viewed through an SEM at a higher
resolution than Fig. 6A. The high resolution cross section reveals Page -
16 - of 24 the surface |layer 606 and the core |ayer 607. The high resolution
cross section also illustrates how the thickness of the surface |ayer 606
may vary, lsuchAaseldfpan fextanping a bionostidahdevice! thieinwadi part tdriprising;f ace | ayer of
605 to the rel ativelgﬁéhi }:Pger surfacefla er of 604. Referrinig now to. Fig. 7,
a cross section of SYHERCEMAYBLFARURNEs rsRatEalaad e ssaepd matsial angfoawrisHgRude

a surface | aye, 606a@28 ukdd t18YrmPBe BidRGEaWMdvean SEM at hi gh resol ution. The
surface |ayer 700 includes a first material 701, such as, polypropylene and

a second material Foxe laygeermapyismechofirst seBRakand thecgrMnplerigiong gescotally
differentiates in tk I | udes
bot h t he £ 1 ot “AAouaR AR ER ARl ol dhy g ordsl Sechidhy AL rap R et

addi tives may hateriacpragtatinithe anécotayams greafer thiah éhesamichac ef thaYiest narediat he core
| ayer. Accordingly, .the rEfsent invention provides nold parts, as well as
met hods and aB%é‘%‘/’éf’h@ng'F PStming the nold parts. The nold parts include at
| east a first material and a second material. The inclusion of multiple

materials allows for various desired qualities to be inparted into the

nmol d. For 2exanphemold pagt Gigtedm| laykareia fe firsionyedal Jedd diferend bieltivisgosity then ban be
beneficial to I 0, i enses: r r f easy

| ens denol di nggeggllclilé:ﬁlﬁl %Qﬁg\?lﬁ%ngulﬁﬁcggé%e %ﬁ?%gns:%ﬂcf?l\g@ge{éé#eégﬁﬁ\g‘f%g@{eg%%?Fﬁ larly
a core can i ncfashiensghemtldmpiaatl with desired nodul us characteristics and

di mensi onal stability. Sone enbodi nents can include a core material of a

| ow cost material, such as, for exanple polystyrene. Still other enbodi nents

can include a mHé foldpsel offBisl 2f WhevBiH tivd first mmeriﬂmaml@vdrassb@sigahﬁthah&om th
di fferent shrinkage or thermal expansion factors which can facilitate |ens

denol d and | engatesipbyBen whicchlg thg/atestionmolding eteseused to Eshiep sheuneld part.

4. The mold part of claim 1 wherein the surface area has a proximate end and a distal end
and the surface at the proximate end comprises about 98% or more of the first material

and the distal end comprises more than about 70% of the first material.

5. The mold part of claim 1 wherein the first mold material comprises about 40% or more

of the mold part.

6. The mold part of claim 1 wherein the first material and the second material comprise a
polyolefin and the first material and the second material are not miscible on a molecular

scale,

7. The mold part of claim 1 wherein the first material and the second material comprise a
polyolefin and the first material and the second material are at least partially miscible on

a molecular scale.
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Wil e the present invention has been particularly described above and
drawings, it will be understood by those skilled in the art that the
foregoi ng ad other changes in formand details nay be made therein wthout
departing fromthe spirit and scope of the invention, which should be
limted only by the scope of the appended clains. Page -17-o0f 24 Wat is
clainmed is: 1. Anold part for formng a bionedical device, the nold part
conprisingg a f : 3 - ard. al :

rateri ol ahd conor g R AFeTRILAYAR, BobiiShe A Bri AR SRERN e, e
a core |ayer cdfprorgnerg of e nigld partrahieesin Hie thindimateeiabemprgenatiostr 568 sidmane
essentially covered b e first |ayer erein, ~at. an iven, cross .
cection the attturesi AhuS i dRosHEb I EpBilinr Bt e el g B Sy ver
greater than thegma@tihin tie aifo@nf éfsHiconpiegértal thepoRdeydr. in the core |ayer. 2.
The nold part of claiml wherein the first material has a different nelt
viscosity than the second material when subject to the conditions of an

i nj ection gl diyhg oRII@p&E S USRI WRerelrARE HAP maRBiaRInthrRE! 4 jowdr sukfiRe ERgy par t

of claim2 wherein the first material has a | ower viscosity than the second
mat eri al when ghdyjthbesecord mwhigriphj ecti on nol di ng process used to fashion the
nold part. 4. The nold part of claim1 wherein the surface area has a

proxi mate end and a distal end and the surface at the proxi mate end

conpri ses AWOoutThB961d partof daigf 1 tierefn the tirstaiatinbdompmizds 4 higheh saitade eny
conprises nore thap about 70% of the first material, 5. The nold part of
claim| wherei ﬁhatnﬁge?ficf;’% malsFal mat eri al conprises about 40%or nore of the
nold part. 6. The nold part of claiml wherein the first nmaterial and the
second material conprise a polyolefin and the first material and the second
mat eri al arle noihemaldpit ef dpinnl wbewoubhe first meteriel comprifpea higher medulusgharcthei m 1
wherein the fi rs%ong%]igria?l and the second material conprise a polyolefin
and the first material . and the second material are at | east partially

m sci bl e on

12.  The mold part of claim | wherein the first material comprises a lower modulus than the

second material.

13.  The mold part of claim 1 wherein the first material and the second material comprise at

least two alicyclic polymers of different chemical structures.
14, The mold part of claim 13 wherein the alicyclic polymers comprise polymerizable
cyclobutanes, cyclopentanes, cyclohexanes, cycloheptanes, cycloctanes, biscyclobutanes,

biscyclopentanes, biscyclohexanes, biscycloheptanes, biscyclooctanes, or norbornanes.

15.  The mold part of claim 13 comprising two alicyclic polymers wherein the alicyclic

polymers comprise a saturated carbocyclic ring.

16,  The mold part of claim 13 wherein the alicyclic polymers are selected from the group

consisting of
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a nol ecul ar scale. Page - 18 - of 24 9. The nold part of claim]l
additionally conprising a third material conprising |ess than 10% or nore
of the nold part; wherein the third naterial conprises about 50% si |l oxane
and wherein, at any given cross section, the anount of silicon present in
the surface layer is greater than the anobunt of silicon present in the core
| ayer. 9. The nold part of claiml| wherein the first material conprises a

| ower surface gasrigy than the second material. 10. The nold part of claim!l

wherein the fi mat eri al nprises a highgr surfad ergy than the
second material\._11. The part of cl gim| wherei e first materi al
conpri ses a hi ghe\ nodul u n the secd mat eri al The nol d part of

claim1 wherein the first
second materi al \3. The divpart of cl gf mil wher ej
the second mat gr\ 3 i ; i

ulus than the

first material and
: ers of different
chem cal structjysed the alicyclic

pol yners conprR'segpol ynerr'zabl 4 .cygd opent anes, cycl ohexanes,
cycl ohept anes, cycl octanes, biscyclobutanes, Biscycl opentanes,

bi scycl ohexanes, bi scycl oheptanes, biscycl ooctanes, or norbornanes. 15. The
nol d part of claim 13 conprising two alicyclic pol ynegswherein the
alicyclic polynmers conprise a saturated carbocyclic fing. 16. The nold part
of claim 13 wherein=the alicyclic polyners are sel ec romthe group

consi sting of Page 19 - of 24 RB R4 R3 RR R2 4 SRR RAR R R3

R1 2 4 Rs R'l
R RS R R5 : R2

wherein R'%® are independently selected from one or more members of the group
consisting of hydrogen, Cio.poalkyl, halogen, hydroxyl, Cio.i00alkoxycarbonyl, Cjg.jg0alkoxy,
cyano, amido, imido, silyl, and substituted C,o.1g0alkyl where the substituents are selected from
the group consisting of halogen, hydroxyl, Co.1gcalkoxycarbonyl, Ciq.100alkoxy, cyano, amido,

imido and silyl.

17.  The mold part of claim 11 wherein the alicyclic polymers are selected from the group

consisting of
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RL MR Rs RL3IRA RSB RE Rz RRR5 2R; and R R4 4 wherein R10-6 are
i ndependently sel ected fromone or nore nenbers of the group consisting of
hydr ogen, Clo-1ooal kyl, hal ogen, hydroxyl, Clo-I|ooal koxycarbonyl,

Clo- | ooal koxy, cyano, am do, imdo, silyl, and substituted Clo-I ooal kyl
where the substituents are selected from the group consisting of hal ogen,
hydr oxyl, Clo-I ooal koxycarbonyl, Clo.| ooal koxy, cyano, am do, imdo and
sily). 17. The nold part of claiml | wherein the aligyglic polyners are
selected fromthe group consisting of R34 RLR3 RJRBF?P RR R 4 RR3 ;

Rz RA Rz Page - 20 =pf 24 Rl R2 R4 R XR4 R6 R2 R2 R;and Rt R4
wherein two or norg of R10-6 are take gether to foym An unsaturated bond,
a carbocyclic rin carbocyclic ri ontaining o nor e unsat ur at ed
bonds, or an arome\ic/ing. 18. The part of claiywl} wherein the
alicyclic polyners/arg selected from group consigtiRg of s RL R3i R2 R

2 RLR X3 R4 R5 R4 ; RR4 aRth R2 R wher gAn 0-6 are
i ndependent |y c d R®M one or_, g\ sof thergnoup consi sting of
hydr ogen, d o- Ioaél hal ogen, I%/rgxy . 3 0.1 ooal koxycar bonyl ,

d o. | ooal koxy, cyaR o afido, > imid® siiyl, and sWER'itutRd O o-1ooal kyl
wh th
ere theyh Plﬁtt{wf)‘d?%% ﬁ{/[ﬁ‘?i%?ﬁ&%@oogf h%m ﬁn%u {LﬁatF@E%E%agg Jefl€ riflg ouP

conS|st|ng 0 ogen, ooaI oxyca ony ‘Boal Koxy,
cyano, ani cbodynlichongerohtaning bne or more unsaturated bonds, or an aromatic ring.

18.  The mold part of claim 11 wherein the alicyclic polymers are selected from the group

A A

; and R?

consisting of

wherein R'%® are independently selected from one or more members of the group consisting of
hydrogen, Cg.100alkyl, halogen, hydroxyl, Cio.jg0alkoxycarbonyl, Co.190alkoxy, cyano, amido,
imido, silyl, and substituted C)q.;ppalkyl where the substituents are selected from one or more
members of the group consisting of halogen, hydroxyl, C,o.100alkoxycarbonyl, Cyo.1g0alkoxy,

cyano, amido, imido and silyl.

19. The mold part of claim 11 where R'%¢ Cio.100alkyl, or substituted Ci¢.jgpalkyl where the
substituents are selected from the group consisting of halogen, hydroxyl, C,o.ig0alkoxycarbonyl,

Co.100alkoxy, cyano, amido, imido and silyl.

20.  The mold part of claim 11 wherein the alicyclic polymers are
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19. The nold part of claiml | where Rl 6 Clo-|ooal kyl, or substituted
C10_1o00al kyl where the substituents are selected fromthe group consisting
of hal ogen, hydroxyl, d o-1looal koxycarbonyl, Clo-Iooal koxy, cyano, ani do,
imdo and silyl. 20. The nold part of claiml | wherein the alicyclic
polymers are Page - 21 - of 24 RZ R R4 wherein R10"4 is independently
sel ected from C10-100al kyl . 21. The nold part of claim 10 wherein the nold
further cqoapsi ses an additive. 22. The nold part of claim 10 wherein the
additive i bout 2.0 weight percent zinc stearate. 23. The nold part of
claim 10 ein at |l east one of the first nold material and the second
nol d mat er/aN conprises polyvinyl alcohol. 24. The mold part of claim 23
wherein t*G.EuIyV|nyI al cohol is water soluble, 25. A nethod of formng a

nold part KON formng a bionedical device, the nmethod conprising the steps
of : m Xxi ng sqnmbi ned nold material conprising first material and a second
mat eri al , f%in the first material and the second material are not

m sci bl e

mbi ned | d mat I
hr ough 4 si Rat SRFRFULL: et ooy RRPaRPRS rolhar ¢ compri ses. a frrst -

end proximate to the injection unit and a second end distal to the
injection unit; and formng a functional |ayer on the surface of the nold
part and a core |layer beneath the functional |ayer; wherein at any given

Cross secy 0”1Th%%1@ﬁ3}t%'9ﬁcl%1 Fi Herbib i moﬂ%ﬁlﬁér?hm%ﬂsés@ﬁ aEB‘iH%' onal |ayer is

greater than the ano of said first materi core layer. 26. The
nmet hod of claim 25 wherein the core | ayer conprises at |east about 4% of the

}c IeL:t er i ﬂl(gla %S%B?rt gg ﬁ ajmy ﬁ{ W ?Af%%?the Addr{eve is :g)ou B%e%ht%er%gntozpncts?e%{'ate
23, The mold part of claim 10 wherein at least one of the first mold material and the second

mold material comprises polyvinyl alcohol.
24, The mold part of claim 23 wherein the polyvinyl alcohol is water soluble.

25. A method of forming a mold part for forming a biomedical device, the method

comprising the steps of:

mixing a combined mold material comprising first material and a second
material, wherein the first material and the second material are not miscible on a
molecular scale;

injection molding the combined mold material through a single injection unit,
wherein the mold part comprises a first end proximate to the injection unit and a second
end distal to the injection unit; and

forming a functional layer on the surface of the mold part and a core layer
beneath the functional layer; wherein at any given cross section, the amount of said first
material in the functional layer is greater than the amount of said first material in the

core layer.

26.  The method of claim 25 wherein the core layer comprises at least about 4% of the first

material.

Page - 22 - of 24



m xing a conbined nold material conprising a first material and a second
material, wherein the first material and the second material conprise a
viscosity differential at the conditions present during injection nolding
of a first nold part; injection nolding the conbined nold material to form
the first nold part wherein the first nold part conprises a first end

proxi mate to the injection unit and a second end distal to the injection
unit; for ctional ace of the first nold part
and ootk | agepengiotiBiningag op e il Sy anbd didrding B a8t Ven e oss
section, the anmpbuniixihg sabrebihéd sbld lﬂ’ﬁéﬁ[llc&hphﬂng Béirdt wiedriabngl a dedyd 1S

greater than the anount . of aldflr terial Iint core lLayer; injection
mol di ng a secBYE AL Mesi) the %ﬁ%‘iﬁ‘&ﬁ%ﬁﬁ%’“%f"@“? ORATEA 3KiSEPIe into a

receiving ar ealfféﬁenﬂgﬁat%e ctolﬂﬁltlm?i ﬁreseﬁ@fiﬁrﬁ'vg MR rﬂol@ by et rﬁ)&}ﬂ?) agoNpri ses a
| ens form ng surtace; coupling t parts togeth r to formthe reaction

m xture into a desmﬂ@dosh‘@bhngtbﬁ combinep okbinategallte figrmuihe irst mewld part whertior med

bet ween t he f and t nd. art:. and..cu
Poaert on moct HedocRd pRREhm ks b 3 REF R im ARl nB Rt R M S phdifnd | -
wher ei n at | edital wle Oijectibg uhityrat nol d part and the second nold part

conpri ses an area able of . transmttjng suff] nt |ight energy to cure
the reaction mxttcﬂr@mgzvguanr%lah%m&a%wéa%?ﬁtﬁqﬁ é‘??ﬁ”&‘ﬁ@qﬁ%@t’?%n

mol ding is pepfpniEHe an@héhaﬂa?&i ShetelN a@%ﬁ%%@e#@o&s sedfon, Tﬁb%ﬂ%.hh@pkamfﬁﬁd aim
27 wherein the first material “and second terial are conbined wth

appar at us conpriesiahig the funetaal tayer i gjeetet them thepinivngoisaid Frsusatdrialan thej ect i on
nold the fir gére ]ayled part. Page - 23 - of 24
injection molding a second mold part;
dosing an amount of a reaction mixture into a receiving area of one of the mold
parts, wherein each mold part comprises a lens forming surface;
coupling the mold parts together to form the reaction mixture into a desired shape
of the ophthalmic lens within a cavity formed between the first mold part and the second
mold part; and

curing the reaction mixture to fashion the ophthalmic lens.

28.  The method of claim 27 wherein at least one of the first mold part and the second mold
part comprises an area capable of transmitting sufficient light energy to cure the reaction

mixture.

29.  The method of claim 27 wherein the injection molding is performed via a single

injection unit.
30, The method of claim 27 wherein the first material and second material are combined

with apparatus comprising at least two injection molding units used to injection mold the

first mold part,
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