Bl OVEDI CAL DEVICE MOLD FIELD OF THE | NVENTION This invention relates to
nol ds for form ng 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 sonme applications, they are not suitable for all patients due to

their poor confort and relati p. ! to oxygen. Later
devel opnments in the field gavﬁbhﬂﬁlﬁékﬁkﬁﬁﬁmgtﬁ | 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 materi al s.
Mal | eabl e soft contact | enses EHALIDOF TRBINHENTIOY by fornming a lens in a

mul ti-part nol.d.where. the copbi ned rts forma ..topography consi nt with
The desired 1M yanioh Kot Ranrias cafiint RPBhGricalRRsc Ry 3B ficg. '
which a r‘l@lﬁb@ﬂiﬂére@?é&ﬁdaﬂ?f, thé predéHl @fich@sh felited t6 apakatudfid maHodeforRShiognt i cal

surfaces of opposing nold parts. Miulti-part nolds wused to fashion hydrogels

into a uskemedieal devipes wide mokkthatinepdasieesiurface lpygignd egarelaydrude for  exanpl 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 CcBACEGROUND OPMTHEINVENTENS. To prepare a | ens
:using such nold parts, an uncured hydrogel lens fornulation is placed
bet ween the c n,cav?l and convex syrfaces of the nold portions,and

subsequent | y dhisetell kpqanithatcapfast lenspscandesedito; BRrarsyY 15N cYptiRYs cpiactexanpl e
by expos | - oot Laht e a
Y eXPOoSUfefset RaveSek %mm@fcmlsPl? ﬁosdug?@fotr ﬂgﬂ%i&%p Ear-w@esgﬁ% gﬁcm@ﬁ R8ls fvf/éz?ﬁ

| ens according to the dinen portions. Page- 1 - o

Fol | owi ngfashiored ftanablartl intaterial o Adtboughethelied¢rat eare stithturnrdntlymsedlinpontei ons ar e
separated anpd the  |lens remains.adhered to one of the | d portj.ons, A

ol enoe pHBBELEN ey e Rt FHERTE i of Do e P et ooh So MBI Rar R e
new devel gpmBiikty tdokRnf LiteHdfiRWpnlead it theTRIY @k rIs€ RS &5 TR feh ) th¥el ogel s

upon hydrogels.

Hydrogel contact lenses are very popular today. These lenses are often more comfortable
to wear than contact lenses made of hard materials. 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 formulzi}ion may be cured, for example by exposure to
either, or both, heat and light. The cured hydrog%:l forms a lens according to the dimensions of

the mold portions.
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and silicone hydrogels that are coated with polymers to inprove the confort
of the lenses. Oten lenses are coated by treating the cured |l enses with a
pol ymer. Recently polynmer coated |enses have been produced by coating the
surfaces of a two part nold with a polyner, adding an uncured fornulation
to the coated lens nold, curing the | ens, and subsequently rel easing the
cured lens fromthe nold where. the surface of said cured lens is coated

wi th the polymetlowingtcupptradisonul ipgictied diytarsl Rt e nidld bbeioasistcaearstbd arddetheol d

It is knomn that sqonme nold terials provide certain characterjstics to a
mol d par tleR§HPRANS ﬁ@ﬁyrqsleto Qs Prasmold pertiAns oA FrieRse D ciidletachesdhe (A5 fremghtier

mol d ”atQ%?E&ﬁ1QHMdEERV'de certain characteristics which are desirable for
a nold surface,” such as surface properties. Heretofore, a nold designer nmay
have had to chaags P&t Wk fGh e ﬁeﬂ{l’ ﬁ!u,etléc?ﬁ) d!oﬂta 1%@%9 'rr%dg ) rég;lse‘:t ' on
nol di ng envi ronment "~ or at g to crea rough expen e

conpl i cataad sAicone H}dk@cls\/thdttmresédawdmth pol@aéns wmqﬁb@h thg cpméresthas lenddzer ef or e,

it would be ﬁdvantageou to prov L gf@aratus and nethods which facilitate
the use dPiteR [RpcHarsaPstctPY el thasied RS Jetharnalymers Recenrhirplenentantedne

o Sc?f‘én %ﬁ%@%@%‘?&ﬁ?’&%m’éﬁbﬁ%&%@é&%@ PRI A, R

present iumvenrt famuation mjths cmbdjlqnantoiad wirtitg thre letnis eine shb?quualtlarrdeasamlhe at us

DESCR! PRt ey Reshetehiesties of B itd lebg iskomied i e POLR=6R: nal mi c

| ens ol dyasforfginall 'ahﬁe‘ﬂ&hb%@@rﬁc@b%é%@l&f an ophthalmc lens nold with
nmultiple |ayers. EIG. 3 illustrates an ophthalmc lens nold with a reactive

‘m xture deposi %%b@ni ?ﬁdlﬁ [anggterlalg 1d'e%exta19fcga ?&!er%t cétd 4 MdRE a@lt\ﬂﬁcl?

cross section of an opht ns nD a surftace ayer and a core
| ayer. { thayhe dbsthlustw}aaseaoda.llmsmlaﬁmmwhllewmrf mald rogédidiamay prdvidescertaind par t

corrpri5| a fi.rst a se mat eci al . .DETAI LED CRI PTI ON OF
THE | NVENRERIETHICS WHE AP P B e oo s a s SHAGHoe PRRERF s HeEH ROy
i ncl udes myldtdefiber iy @ade RAd 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.

Page - 2 - 0of 24



alicyclic co-polynmer. The layers of the alicyclic co-polyner conprise,
consi st essentially of, or consist of at least two alicyclic polyners of
different chem cal structures wherein a first layer includes a first
alicyclic co-polynmer and forms a |l ens surface and a second | ayer includes a
second alicyclic co-polynmer and forns a core portion of the nold part.
According to the present invention, during an injection nolding process, a

di ff er entilgl 4 ilfustr¥te$ € k4 $ecBbn f dnl dphithaliiic @rs@hol@Ratha ssefa@ydrah@hicate used to
forma lens nold part can be used to create a multilayer lens part. In the

context df¥erhis docunent, a surface layer and a core layer will be
described, but it is understood that nultiple layers may be forned according
to the ndfedillistratees toptdetvnaview ohen pphthedwi learmipldipgrsompeising edirsianasérial " | ens”
refers tao_any op tQﬁlnﬁc device that resides in or on the eye. These

devi ces & aﬁ?b?l&% %B%Tcal correction or may be cosnetic. The term /|l ens
includes but is not limted to soft contact |enses, intraocular |enses,

overlay | enses, ocul ar DEJAILED RESCRIPTIONIOF THEANVENTION preferred | enses
of the invention are soft contact |enses are made fromsilicone elastoners
or hydrogel s, WHs axentioa indedes gimeld parh far making algng hakinpludesaultiplirleges of, and
f1 uor ohy - e i : "3l L. nol "
compounte e s e PR R the ey B Ro M GohforBE Ul SeschBAIR/E &7
sat ur at edconsistd @y lehst two hhgelipylyberssafliififérénttcheinichl struotuees wirergima dirstdayieer s of

t he group. consi sting. of. hydrogen, | oal kyl, hal ogen, hydroxyl, Cl

1081 boxy C BRI Gie iR TEG ang T dns Supheroanct segon Ty i o ut eq a1
loal kyl V‘A%@&ﬁialf‘c?&ic&%%’iﬂ}rﬁ&%ﬂa%ﬁ{seao%?é&ﬁ%i@rﬂoftﬁ@ﬂloﬁﬁﬁar@r nore menbers of the
group consi sting of hal ogen, hydroxyl, Cl _loal koxycarbonyl, Cl_10al koxy,

cyano, ami do, Ageonting terthle piebapit inveEmtiomp Heringn injgtiienymbidingrubsess rdifferentiadé but

are not li.mted to | yvimer.i zabl e cycl obut an cycl ppent anes cl ohexanes,
eyl onept Hies el fREmE AR Seglimia fag o ks BRS pofl ipen B LstS

bi scycl ohg¥agesmultilbyes the lpa e B BB esntektiof ME i @Rftear) 8 SurfaRdayt@bhds b @ser |t i S
preferred that the at least two alicyclic polynmers be polynerized by ring

openi ng nwitlbherfssiribed dut dvieundsystenddhaigertiple dayerssnaicke fogmeshepsording to thg ~ 24
pol Yoo o eyl hepRSSLRiq gyl 1ot he i ds mde [rom hese
which is typicad uselFbereindens” edfersie anyaphtismimafc debiee thanvesides or dnftkyeyey be
a1 1 cycl | CTHOH GrHG6es GBh Db e A CHC OB 80 OF BB 06 FRTEir TG e DOt B e
not |i m t & el REsIPEIn@I RAse ! InHaddhla? Senses, 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.
Aé 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 membérs of the group consisting of hydrogen, C,.joalkyl, halogen, hydroxyl,
Ci.i0alkoxycarbonyl, 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.jpalkoxycarbonyl, C;.jpalkoxy, 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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1 RBR2RRRRER RRRIRMRLI3IRRRL R {3 RLAMRRR6 RR2R3 R6 2
R R and RL R4 wherein Rl-6 are independently selected fromone or nore
menbers of the group consisting of hydrogen, Cl1_|oal kyl, hal ogen, hydroxyl,
Cl. loal koxycar bonyl, Cl. loal koxy, cyano, amdo, imdo, silyl, and
substituted Cl1_10al kyl where the substituents selected fromone or nore
menbers of the group consisting of hal ogen, hydroxyl, C _10al koxycarbonyl,
C1_i oal kqxyymety @@ @ostlyaitiigigreferdbleihaeine il dsythade Mot ke é0Mpolpmeriangy Wfuskll " 6 may
be taken together to form an unsaturated bond, a carbocyclic rin? a
car bocy c|SE¥eralitagesde AreantsileRseoetent ofrance Whichds bpisebk of o thewsafesred groldgptaheonat i ¢

ring. Th I ' up consisting of C 10al kyl
g ?ﬁe&@é@ téﬁ%{iwi%?%ﬁea \R}i"g‘l’ 8Gh BHcd t%@)ﬁ%&u@@le%é@. p 9 _ y

and subs re the su Ituents are selected fromthe
group consi st iMagre partichlatlpgeampley df eboykclic fidlymenddatainiog sdramted, catbbclabialringxy
cyano, am do, imdo and.silyl. The .alicyclic co-polyners consist of at |east
two di ffe‘PSH@,e Byt ROt ﬂ@ltﬁ%@t&}&folg}m%%&%&}rg erred alicyclic co-polyners
contain two or riee different alicyclic polyner s, selected from the group
consisting of Bagd-4-of 24 =k i j - R3 BE=R3 R6 F2 RL Rl X3F~ R R4 ,
R R4, R, a R2 The paftilcul arly pref d alicy co-pol ynmer contai ns

two different clic rs where t neric s ture of the
saturated carb ic ring§ of the alicyc

3
R3 9 R4 R
1 1 R R2 R!
- R R4 . R R3 : R4 : R2 :
R3
6 2
RUp2 [ ka\R R/ 3R Rs R R
R3 RS : R2 :and R’ R4

wherein R'-® are independently selected from one or more members of the group
consisting of hydrogen, C,.jpalkyl, halogen, hydroxyl, C;.jpalkoxycarbonyl, C;.jpalkoxy, cyano,
amido, imido, silyl, and substituted C,.jpalkyl 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 Cy.jpalkyl
and substituted Ci.joalkyl where the substituents are selected from the group comnsisting of
halogen, hydroxyl, C,.jpalkoxycarbonyl, 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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3 R2 Rpolyners are of the formula RL R4 and R1-R4 are C _toal kyl. Typically
the surface energy of the alicyclic co-polyner is between 30 and 45 dynes/cm
at 25 T. A preferred alicyclic co-polyner contains two different alicyclic
polymers and is sold by Zeon Chemicals L.P. under the trade nanme ZEONOR
There are several different grades of w ZEONOR Various grades may have
glass transition tenperatures ranging from105C to 160C. A specifically
preferred rial is ZEONOR 1060R,_ which according the to the |[i

manuf act ur ZEON Cipesmcal s L. P. s an nelt flow ("MFR') range of
11.0 grans m nut ¢ o 18.0 gngsg) 10 m nut es (a efted JI SK 6719

(2300)), cific § i 1) of 1.01 an gl ass transition

t enper at ur 105C. \he term "nol d" rs toarigid or

sem -rigi d\ofy ect t y be usp 9. formlenses R uncur ed

formul ati o The B df er\rgd nolfls ¥ two part dsAas\dsscri bed above,
where eit 2t31efrot curve »
al i cycl i cRtop4pol yneR%S of4 t he p2nvention and. curve i s made of
pol yol efi n. 1E?xar’rpl es of polyolefin include but are not limted to

Zi eglar-Natta Tlatpatt'y:nhdlymméfyrped)mclyelﬁmcot-}btﬂymélsconmhisewbeldiffaam:t alicydici fi ed, such
as, but not I|mtgd t o Exxqnihbbi | F 544 ME % cf ATG:IItsIA ﬁ36 OV\Z(r) As
used here"i“ﬂ““"“‘rr%YV ere dp genghis siryere of thsafpratediratbogyqliggings of theHeYClig ol et el y
separated '|I1 fromthe noldyg=o] is only |oosely attached so that it can be
removed with mld agitation pushed off with a swab. Page- 5 - of 24
Lenses As used herein "l ens" ers to any ophthal mc device that resides in
or on the eye. These deviceg can provide optical correction or may be
cosnetic. For exanple, the t ens can refer to a contact |ens,

i ntraocul ar |l ens, overlay |leng, N\ocular insert, optical insert or other
simlar device through which bhgn s correct ed or nodified, or through

whi ch eye physiology is cosnpgla Bal I y enhanced (e g. iris color) wthout

i npedi ng vi,sion gin £ rmng mxture refers to a
pr epol ynePOIY’?ﬁ?rélafegqsf vﬁwf%clﬂlmacan ge % R ?rS pﬁygin ophthalmc |l ens. Various
enmbodi nents canypidaglly lﬁdﬁsuﬂﬂa@@@ieﬁﬁf the al1cycllc 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 lenseé 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.
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m xtures with one or nore additives such as: WV bl ockers, tints,
photoinitiators or catalysts, and other additives one mght desire in an
ophthal m c | enses such as, contact or intraocular |enses. Lens forn ng

m xtures are nore fully described below. MIlds Referring nowto Fig. 1, a

di agram of an exerrpl ary nold for an ophthalmc lens is illustrated. As used
herein, the terns "nold" and "nold assenbly” refer to a form 100 having a
cavity 1QZenkest o which a Iens form ng m xture can be di spensed such that upon

reacti on or cure e,lens formn st rat ed)

oot ha i o 1 e pd herteerRa Tt e e stk Sa e ek renidih Ynh el

ass enbl ' elshegé)@evﬂfes ta robfa¥ %Eﬁéaq) BorddcBoNBERay Be &dsnibiE eFM‘é%dAn@lbe thefB¥nllenpar t s”
or "nold pieces" 101-102. The nold parts 101-102 can be brought t oget her

such t hatcan refer teagonipctlless, n@rap@rlwém%yvqybmmeﬂqu&n inserts psicaongerisofher 101- 102

and a | e?ﬁTé%%Ieg%Q tlﬂ? eéha\gf}lcf? Oﬁg)n it Qor}era?eﬁ%?%otdﬁe%loér thib r&'gﬁ fﬂﬁ'l?%g ynghgs(?&?%é ot ¢

parts 10 orary or rat i nol d

parts 10]4sﬂ:6)s&e®16ﬂl}6@1aaﬁbebe€e gaﬁababf)dvﬁlmnt 1lhﬁﬁﬂmglv1@cin.a fashi oned |ens (not
shown. A "nold part” as the termis used in this specification refers to a

portion of nolgk Lﬂs@aher%ﬁzthewnphemsﬂmﬁgmtu&d réfessho a@%pbgrme@ﬂ{a&ér&nwﬁfcha nol d

101- 102 forns a nold 0 (also referred to as a nold assenbly 100). At
| east onecambpaurﬁé,rtp fqmamo@th@mefelgns@;r%%lou@emh%maﬂts |C@amcludapmpb'm¢n of |ts

surface 1191 tur 4 fél? ﬁ Onrtrggrle él\rqﬂdﬁlfl%t *&%‘h as* QJSVE) lgalr%n % ho"E it alfloib%ft T%Aysg v| des

reaction rrEur rmng mX Pace

a desi r edothdtapéititexoreatiight desiré itansphthiatnic ®nsédwich Qi}%oﬂ%étfbr\i‘{ma@bulhxt lehsgs.i N
contact. The sanme is true of at | east one ot her nold part 101-102. Thus,

for exanph@s forming mixtpies Areanepfyly deesribed bMMd assembly 100 is formed from
two parts 101-102, a femal e concave piece (front curve nold part) 102 and a
mal e convgygei ece Page- 6-of 24 (back curve nold part) 101 with a cavity
formed between them The porti on of the concave surface 104 whi ch nmakes

contact with r . t ..front
curve of an oplﬁéﬁ&#g]ﬂow:téﬁg eér 6?10 égﬁﬁl {)}EOB%%%H lf@ﬁds and is
suf fi ci enillugtrateiroAs bsealnﬁre‘lmrtlmdrrﬁy'oimlﬂ'hatd "ntudd sesedbly® refer to adpith had having £ns

formed by pol rizatj nof the reaction m xture which is in contact with
the concaSAIIEI0T B Whish & lensfpiming miyiuEesaB Be dispensed pich BQ@wpem%t%qrcfuﬁart

101 has a,GRONGX formidgdhf it fnot 'ﬂhﬁﬁé‘t%@)cﬁn %&qeﬁ@&ftasde%i?@d sHap O Jr&fu"&c{‘g

t
m xture and has the curvature of E)ac?ﬁnl urve of a opht hal nF I"'ens to be
The molds and mold assemblies 100 of th1s 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 co.ncave piece (front cdrve mold part) 102 and a male convex piece
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produced in the nold assenbly 100. The convex surface 103 is sufficiently
snmooth and forned such that the surface of a ophthalmc |ens forned by
reaction or cure of the lens formng mxture in contact with the back
surface 103 is optically acceptable. Accordingly, the inner concave surface
104 of the front curve nold part 102 defines the outer surface of the
ophthalmc lens, while the outer convex surface 103 of the back nold piece

101 def i qeskicheveinmie parsurdlacieh dtavitydornmditietvedeniticent. &g pottivnssiniee @mbodi ment s,
t he back curve nold part 101 can_al so, include one or nore concentrjc r| ng

shaped riHg#s i 100 WGBS PG EIAEAOn RN @b honm) AR e SEERFe o _
engagi ng e ERve ﬁp@hmﬁﬁw\«g{sq@ bl BroRéctln AnOI AR iRy 1 0Parld id cﬁﬁtbt hat it

may be renoved art 101- 102 separate ypi cally [ enses are
f or med orsmapthl @dsfmrrmdesusluﬂrhathe smfaCb ofh oph:thdnmalensfonmd\by eolyniernizatporod the
enbodi nents,. one surf nd the

| e be
ol hor! Teedtia® M he VST sgh e e RS o itve Tt s PBEIS e tabl Fone ¢

Aside from t hehalbhgy&iriEmeRfRsd 10 mﬁ§acéﬁe§@ﬁ%c€ﬁb@ﬂi é%ﬁc%whic'ﬂ%oﬂ’ﬁl:t@%eof the
invention may contain additives that facilitate the separation of the |ens

formng §@nsffaltm9g nuétdmdthlaethea;dtv@mrmf the badkecueverafa dpbtelmis lersdo hel di ng

surface. 0aRed ikl R PHEIRC 0308 Larke SHRR, 75 ISl flcier ) STTRILUMARY! S of

phosphat euelsthef the s@fice of @bplehilaiiSleas foaﬂne@bpkeaetsdrﬁsr&ufwof the leas @@ thirigOmixture
alicyclic co-polyners prior to curing said polynmers to forma nold.
Exanpl es Bromact ithidhe backeyrfacenl 0i3r1& pritally peseptable: fheﬁordmglm the dnnep conoag

Si | Oxa”e%??% Ig()%;of?{kdfﬁﬂ?%%'n% &)efffi%}t Bufe Ll]\r?ﬁg%fﬂfe%ﬁ h%ln(ﬁmens

Nur cr el ene- et hacrylic aC| co-polymer resrn I'stry No.
25053- 53-while tthomxeraamde( {urtat¢ Y03 hafi the laatukdmolﬂepmceﬂ@}ydé‘ﬁnes ﬂibﬂnﬂstsﬁn)face(af dem de

A mer 16 AR Tk SR GRS Pk U oI\ 0FPR. A I8 A i &

(pol yoxy %%%Bﬁ&ﬁﬁﬁcﬂwyﬁédrﬁdg@g‘ E0PhRiEK fGRr d?lch%@ rletﬁ?r?dt@ﬁz{l Ymg ?)‘Qller 107 by
106392-12-5), Tetronic al kyoxyl ated am ne 110617-70-4 Regi Stry

No. 7681- 4®gﬂglng e)@ai;sqmrepnlmqamlac}e;s caiadand bisls &t e r@g@eﬂo-tﬁatosmaﬁh‘t rentwlvgd: k |
(slip/anti Ckl istry No. Page-7-of 24 61790-53-2), Zeospheres
anti - bl oc¥l ?ﬁPQ&ﬁiaﬁgﬁméﬁﬁ% Ef'é)eént) Anpacet 40604 (fatty acid anide),
Kemam de (fat tnsyrpee@usi [cABé st fortnbd BMaXledstbhd/sudfatlo PBOtE frold RAT FRYweBed SF,

XNAP, pol yet hyl ene gl ycol nonol aurate (anti-stat) epoxidized so bean oil,

tal ¢ (hydomeembotimesis, pne sirfape of thy lengesiraayiba feanesbiiemea, meldisad the aslegr gurface

I E43- W hyl
pent et b SR PSR Rpaf o) 1 (o ver. et

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 ( alkyoxylated 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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vinyl pyrrolidinone (360 000 My and the additives disclosed in U S. Pat

No. 5, 690, 865 which { is hereby incorporated by reference in its entirety.
The preferred additives are polyvinyl pyrrolidinone, zinc stearate and

gl ycerol nono stearate, where a wei ght percentage of additives based upon
the total weight of the polyners is about 0.05 to about 10.0 wei ght percent,
preferably about 0.05 to about 3.0, nost preferably about 2.0 wei ght
percent . d1M9G63R),eirbahicres ahti-bldck (diphintiibdetking agehat);tAmpscet 4004 Eogaaidi on of

the lens froma |en orm rf ce ‘ be facilitated
sur f act zrﬂ@gfi ?‘H%mfdéﬁ tW@F]HI%HB @%@@gp%ye&%ﬁm@% ers“ﬂﬁrttﬁéﬁggps)éﬂf‘gct ant's
i ncl ude E@%&yﬁﬁ%%ﬁ%%&%latﬁ%%&%t% lelyox]—d’ié‘&irbo§%eﬁ§01@$§l€rhﬁl%ed gﬁél@n Pat .

No. 5,83 whi ¢H i's hereby incorporated by reference in its entirety and
Span 80. silPateyrcakeivampdrbenaty, bshmiaaacubptﬂmyterlml sattasts ardte], succing: aciRd epolbie

5, 264, 16 ich i in itsentirety. Still
Purther. TAFWaRimeteH S B cBRtdR R Sios Rgrgri e el TSRS ety >
i nvent i onyifAYyrr6 KAt 366,060 MW) MIRASakiteRs AfkcPYVRTPRYPRDR. 5890865 Wulcane,
pol ystyrene, poI ymet hyl ‘nmethacrylate, and nodified polyolefins containing

an al i cyds h@rebmineworiatﬁdth’mremnne ghigs antiretyr Thesrafepred additivesemelpolyvinyle

cat o yot HESUEBRTER AU SRRl ARYREE R KACwCE b Bt ARG

wher et hebagat ipdn iy towivglpht plthe polyags i9hboak 00Y € hisout 06 NateigE hetcont,
pol ypropyl ene_ranges from about 99:1, to about 20:80 respectively. This
bl end carPrefErablyeabonid- torabeuio}.0.9mesh Peirebln abapi 2.0 Wpighipergent.s preferred t hat

this biend 1S s SRnbdfeREck (BHENE ARAIAE B¢ ABhaBlE UPUEIDSIREa fhs e

alicyclic co- nmers Used ere uncure ers to the
physi cal fotming smfacas map bt fawilitated by agplyick smsﬁmm]ts towlse lerd forméng sucfaees. " | ens

fornmul ati " ri.or cur o forma | ens | ens__fornulations
cont ai n nfw{w%ef avlt%wfﬁ?@nmcwgét@ee Syttastast 9ar8ﬁ@érrfewe? 89 @ described
formul atignss. P‘a@"NI@'SrBﬁ@fI@Wﬁc% is Hé’x%y %'cbx%‘;of‘a%l{d% r@?é'?é?ﬁ@'ir?lts éﬂiﬁét?'&ﬁdlg 2.
ot her conponents. As used herein "l ens orm ng surface" neans” a surface

103- 104 tOther éxempiee df twfamnﬁs ae disdnsed in .S Pk Nonb@d# Aehwdjchdmpersbich sur f ace
103- 104 can havg % Ofﬁre 2l lgueﬁé tt surface finish, which indicates that it
i's suffi cRERPYIed Y SYRreRRH ™y §%o0 that a | ens surface fashioned Page - $
- of 24 by thestpofupth®] inzaitdRA t6 thealibRilis cbPolinttgs, MRS @bidebf the ie@Atiaapi t h t he
nmol di ng surface is optlcally

contain other polymers such’as polypropylene, polyethylene, 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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acceptable. Further, in sonme enbodi ments, the lens formng surface 103-104
can have a geonetry that is necessary to inpart to the |lens surface the
desired optical characteristics, including without limtation, spherical,
aspherical and cylinder power, wave front aberration correction, corneal

t opography correction and the |ike as well as any conbi nati ons thereof.

Front curve nold parts 102 and back curve nold parts 102 can be inportant to

reduct i orby th@pol@iviefizatioh Bt & &nk Gitnikg BavREialdh chiehd witf the hildne surfge &ageicalli ps,
tears, holes, deI am nation pulls, optical distortion, surface mar ks and

ot her phyaseepiableaaihst, %WWM“P@%I“@G lr%ﬁwﬁwaaflﬁeqeulr%rﬂé)‘l BRBR¥sS, such as
derol d. Eg§81% 195?[;15& f%‘fﬂeé’ersszf}g?é r{t@ﬁ{eﬂe&%rf%e% ggsnl%ﬂ }ah&all"cﬁe{ra& dﬁ@é ages and
t or a poly e

di sadvant@ages exa ypropyl ene no provi I’'npr oved
surface inclading moutamitajneh dpherécat, alsplterwai layd bﬁﬂﬁledﬁ@mera\bh*& filonrabaraioal
stability. Cost of s me materials | so be factor in various

appl | cat |COHECtoRe ERPEAl FRPOEEP hepcist d‘%ﬁi‘@?ﬁ‘% wgll =S AoMRIRRERS (Rt s

provi ded t hat l:prow des core stability froma first alicyclic co-poly

(herei naf ter 'Teenteurvgyagld )oalahbp%némls@ngalq Rajts fl P garpbe igmoptapt tﬁéﬁ%‘ll%l n
co- pol AL e(fé]félghlﬂgtﬁ&necff c'&)ﬁﬂéEtfl?ﬂs%eE&Yses‘hc as &% R.;B %a? %oFelé{M Jﬁﬁm&ﬁﬂn}ul%at

i nvention inc es a neth an o ens ste
i ncl ude cbpa;lpﬂrdsstangom,rsurfmmaﬁs hmfmhelqmgslcajrabmattous whlchtresudat frooh manmfamnrlsg ng,

conS|st| essenti f r consistin an alicyclic ¢ ol

Wherer n PRSI eEtkb AR PRI AT PR GESn G pipdde RFFieyBr FEeBBRRE and a
second al 0 I odi nent
the fi rstdlér:rdl)gt%edrtiggaelg g%{j@ta h Fea& 0 gog%{egfﬁgm%agﬂnlﬁ t‘Ii)ea(?lclzlt{lﬂ»beéégfm% di ?berent
chenmi cal quahtnst andegst ha'\reerekatmﬁy Mddm‘ablleldahmsmmlmt@llsm f@steoﬂsalylermaamalsa core
| ayer, such t 1 a% Eat-ff %R’Hal includes the first material and the second
mat eri al ARG TFE%EE WEH%Y*F&?“& [aUPNSy the first layer. In addition, at any
gi ven cross sectio E amount of the first rra &t’l al Bféféent in the
surface |ayer “?“é’ofjﬂ%%ﬁoé © PISSARt IYENtihy f Multgpyer MOl fsgpvi PiRIPVIBFEOEht i n
the core diagg froﬁh@ﬁi‘s@ﬁf@ché ?§l§fmefi‘ {Hefeltdftef «q30d MYEP) shd LREABDEHFitRYR hEI r
af orenenti oned neani ng efred ranges. Referrlng now to Fig.” 2, a flow

di agr am |Sebmmcrlﬁirewemi}’mmy(hsltemﬁelt‘fsaltfaqedglyebé i npl enented in sone

enbodi ments of the present invention. It is to be understood that sone or
al I of theethol Sepsng steps may be inplenented in various enbodi nents of the
present invention. Page- 9-of24 At 200, injection nolding processes are

used to form aurihks fhisciyention itluRs b metoldwiind@ing anSophfhabtic ey evithastehsahator e
| ayer.
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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Referring to Fig. 2A, at 200a the nmultilayer nold part can be fornmed by
conbining at least two materials with a viscosity differential at the

i njection nolding process conditions used to formthe nold part. The two
materials can be mscible or mscible at a mcroscopic |evel. At 200b,
injection nolding conditions that can be varied to facilitate the viscosity
differential can include, for exanple: the tenperature of the injected
materials; thesspesdjesfior MbRiGid Ociestahused®s B alrdultilaher A6 RPAHIRIWIREE
which the materials are injected; the geonmetry of a hotrunner used in the
i nj ect i orsurfdtedpyry apd aeetsdayer-he size of a gate used in the injection nmolding

process, and t can
be injection r;]%# %ggg {Ogbege%rAr‘ ?aﬂ 266340@3 ggl ét@?"?g‘%ﬁ‘?ga“ @tﬂ 1%39 %el(% wagw ﬂfqag

M xture (lesstvd inedrials wmhraewsb@tslay dhffetmhalw) tHeSanaamsrhcbldnhgipnmessacd‘ndnmhs tmtid
part 102, ch is utilized to shape e ophthal m.c |l ens 100. fjrst

mol d par ttoi1E) fiagwldpar, fhedyo “é%}%rﬂaq%? crRbaple pa TP a%ﬁncaossce@aﬁwelm‘?%_r i al
and CO”WO‘OE'1Hﬁc@or§rﬁ6fdﬁf‘g%oﬁ&1%%né’§n§@cah%evaﬁéH tBffé‘cﬂ*?ﬂa&rfﬁéjbﬁ@ds1tgﬁﬁfe‘%§xt1afr&%_ first
nmold part also includes- a core [ayer also formed fromthe Tirst materia

and the siedodr forexemplz! thateinpsaturetdf hd ipjeciod eratialsh thetsheedf afrinjecticayod the
According to.th resent inve t ross secti.on, the amunt
of %t he e Gt p EprE SR paStRich S men i s dueqids B Syl qr Aot B
amount  of inteinfebticd mﬁm%ﬂr@éess RRESLIVS ol datd 38d GOthE inj@XRh mading g?oceishﬁldf irst
nol d part 102 can be combined with at |east one other mol d Fart the second
mol d par tgthqome@t@nsh@lé@gtvn@ahi@q@dé 20 theimold paré carpbroiniection metdsdr React i on

M xture. At e X 100.
Cur ing can beZIQ%?rrﬁl 8\5 % t(()) ?%N% A%(@ y{h% I&a%tlo% ik gl,H‘e ?(iqug\kﬁdﬁﬁn 9} ﬁe!iegéi such

as, exposhkyl@wv)ds déﬂmtmﬂa%ﬁrst moldapm 1rm;:wh1ahi usaitn@&i toeshppsthe @phthalitie e nEOTE
to el evat ed heat (i exposure to  both actlnlc radi ati on

Cto 750,
and el evallsdisiggeld pAft nztrbuﬁeS@ﬁérf@qe I%Xer ﬁf)‘l‘ Er%maﬁerlﬂb@d@awcw ngepHtlandd fromthe
second | ens
100 wi 1 FyERig sl RO Rl A T, BRARGES Al B S PRP TR SR YRy intilfes,
nmol d par ta)ccdeltalyagalmtkrmed ﬁomrthn:ﬁssmateda]rmdﬂhensemndmhthﬂalsamdceménna’rlyl cvprdt 102

AT T I NE RN R R

first nol ﬂle Bidt tnatd?thl %)r@&en?ﬁﬁthe ‘sﬁkfa’%@%e?ﬁ%‘téﬁtﬁh&h@ﬁmélﬁﬁ oPIR IR mAtYgNt i on,
the lens is exposed to a hydration sol ution. The hydration sol ution can

i ncl ude, prewnémethﬁpcoée layet.oni zed (D) vvat er. In addition, Page-|0-of 24

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, fbr example, deionized (DI) water. In addition,
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ya sonme enbodi ments can include an aqueous solution with one or nore
additives, ¢ such PEG PEGQ Tween 80, which is pol yoxyethyl ene sorbitan
nonool eat e; Tyl oxapol ; octyl phenoxy (oxyethyl ene) ethanol; anphoteric 10);
preservatives (e.g. EDTA, sorbic acid, DYMED, chlorhexadi ne gl uconate;
hydr ogen peroxi de; thinerosal; polyquad; polyhexanethyl ene biguani de;

anti bacterial agents; lubricants; salts and buffers. In sone enbodi nents,

addi ti ve&omeambb@ln@dti&dn hmldda&nfaqﬁhroat blidticiOwith bR or ord Hadil &s, ¥euhyiRTY bet ween
0.01 % and. 10% by wei ght but cunul atively | ess than about 10% by wei ght.

fThe t enp Y vessn 89, Wingh mmﬂs&xwﬁhyl%q m‘w&m maqirolsaten hylrmanad; actdphenesy

bet waen 45 REERne) Ao MhpHSQUEUBE prdsbrin iy EL SO PA, LB oLAPRIVRARS, 31 (1 €S
Exposulrle cxrt]xtorhdxadlnp gl;ﬁ?:]ane (hgdmegsn fddoxitle tﬁmerdsyl;l paltyqumi polyhéﬁmt}qdaneggl ation
R 14 My T - PR A e TR et g LY R e T e

be washedqivt Badkahy HeyiRAion SbkkionPh foundlehble Sahv Ui €013l PO B0AeHn 2

hydration tower. it To"hydrate the |lenses by washing in a hydrati'on Tower,
front curbnécuroilatiyedy tess thaabaip h%ibyiweggtenses 100 can be placed in pall ets
or trays and stacked vertically. The solution can be introduced at the top
of the stack dhheltemsesuteof the hybmtion kdutial aahibe anywhdre friommed ofiesmirigtb wearover

the | ens 100, The solution ¢ so be introduce osi tions

Al ong ¢ hOUBReROWeNE, 1R SRR Br PR TRy eenailn AN e SRR A

al | owl ng fbRrbRNReRechUB° Canaersexposed to increasingly fresher solution. In
ot her enbodi rrents the ophthalmc | enses 100 can cycl e through exposure to a

Fr' hydration ar
102 Zmd the r 2%3 g%dlr‘gﬁf tg}s' ggmh%gléplg 3 ri n(g{ottm)?? #@tagg%ﬁgtceﬂ)gﬁ(%gﬁxn%g 89 sone
enbodi menvashomgnspadysing, |smzklmgj sutrmerginggprtang cbmbnsatlcm‘ ofrtbs aﬁdtmﬂlenhynhrdatﬂoo n

According to sone enbo nts qf the res in ion that e ose t he
| enses to‘“*"ta'Pi‘@IS > By &t At | th?r].e% Y"'s‘?h& wi 3ien splyHop gf

accunul at&@oﬂ@q\,@a@&r&ng@}g@rmollﬁgg (q,@trgglstowgpnt ai ni ng the hydration solution.

In addition, 1 n sone enbodi nents, the hydrati on sol ution can
To hydrate the lenses by washing in a hydration tower, front 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.

In other embodiments, the ophthalmic lenses 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, 1n some embodiments, the hydration solution can

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

Apparatus
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be heated to a tenperature of between about 30C and 72C. Apparatus sk Page-
11 - of 24 43 1:3 Referring nowto Fig. 3, a block diagramis illustrated
of apparatus contained in processing stations 301-304 that can be utilized
in inplementations of the present invention. In sone preferred enbodi nents,
processing stations 301-304 can be accessible to ophthalmc |enses 100 via
a transport nechani sm 305. The transport nechani sm 305 can include for

exanpl e one orRefarieg odw taFreobat hloek diegramyioillustnatedioff apphragissbatained irtonj uncti on

ith | t. . hat [ | ,. ) |t hai n, .
hydr aul | PHERTBARTHT ANLA0A Sty O be i i Bl AP B Do mERuGh Tr i ve
mechani s ngofRPrefSiriEbodHABRSs, SARREKINERM tFon§ 301-BOC LR é@@é‘déib?élt'bfo%ﬁﬁam& d parts
y

101 placed in pallets (not shown). The pallets can be noved t he
t r anspor tlemses hethyis mtzosoranesbensmgds ol herisanspor meekandinn d0s eantinelnde 01- 304. A

or ocossl rigwpleth oAbt g Boen AR hPRoPbRSUGV R T RRREEL TN BeiiSivnay  on

301- 304 amehns Mas hafvlide] a a6HVe @ HeltOdhalr) €abld autSM@edulic MREhaiin Foweld b9 a
coordi nate the novenent of |enses _between the process stations 301-304.

Pr ocessi ntjrigblaspesdsnagonaraier kapwp ddyyaechanism (@gtshgwa). an i nj ection nol di ng
station 301. At the injection nolding station 301, injection nolding
appar at us depd¥vimesenzbogiragnts ¢ap in¢lude bagk awrfice mald partsr )1 pdassH impallefsqnotexanpl e,

a silicong hvdrpgel ,as describe gve, into the f curve nold portion
102 and pPerEt alPeUBR sPEPEmyTEbRaRE Weneohutkshave 208 banhUhe SnE" React T on
M xture. pibeeskeastation’ 30l 30ur & songpuked! of BB doheroBE308RhE be Bpertivelf édndé@edf
materials, ~which upon polynerization yields an optically clear, integral

shape- susahtprageseing statiens 305304 to mogHernd cputral Prrcsesss aiogach atation 30 -304pndn
this appl} | " spdlER : ' 1 |

relative %Lgo?rle&lh@?béﬁgd 3né%me§ﬁdka%on su fglgralg*}e@rs]?&%@oﬁ@é?@é@g%&&%??%b&%uf fered
i sotoni c sawednehe pguessytatissd 301-304. can be worn as a contact | ens. Exanpl es of
such conpositions abound in this field and are readily ascertainabl e by

reference to spragudsing stalibrerisiLa0a ca® ichms, fof edatple) AR ir§EdRd inidlfing station 301.
pol yneri zation of Reaction Mxture can be carried out in an i
At the injection molding station 301, injection molding 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 exposuré to oxygen are well known in the art.
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at nosphere wth controll ed exposure to oxygen, including, in sone

enbodi nents, an oxygen free environnent, because oxygen can enter into side
reactions which may affect a desired optical quality, as well as the
clarity of the polynerized lens. In sone enbodinents, the |ens nold hal ves
are also prepared in an atnosphere, that has |imted oxygen or is
oxygen-free. Methods and apparatus for controlling exposure to oxygen are
wel | known i n A brirgy statioRed§e -caR inofud? 4pparatuy fion golsinetizing tlOReacton Miktutede

e T N AR T SR
i ni tiati opiahbeAhRARak Heludd o QAmBRAGR! & mRP6f: ALl ERliRfon aRGhbfti Cufiagli at i on

and heat. Curing station 302 therefore i ncludes apparatus that provide a
sour ce of statioint302 thepeforsfin¢lhdesRpparafus that poxidaasouksp of initédion of thetReactionont cur ve

nol d 102. sonme enbodi ts, actini adiation can. be sour.ced,.from bul bs
under whi MR S5 Rae e Moot w1 oot it e s e ooy
of acti nie Joafbed oM bullk whde# WhRith lean6ld Rseribligd travel.t Ties wibsScafprdvige Ul b t hat
is sufficient to initiate polynerization. In sone enbodi nents, a curing

stati on 30Ensiaf astnie cadidion ipe gofendtane parallel tp Hesxis ¢fdhe bt it suffeciant tq he
Reacti ve .a.tenperature sufficient to assist the propagation of
the pol yf}n{%ﬁrgllIe éﬁ%%lz%%{ggto counteract the tendency of the Reaction M xture
to shrink duri t he riod that it is osed to the actj.nic radjation and
her eby pr omotd SPiEFBVBRTSFy heRing1tsh 35 B S0 uwhe otn et P or e

i ncl ude atehPadansOHf 1BE RTeEtine%Quﬂ@torEt@tngex’éﬁ?e SHENTIeKtab déstst @fe proghgafifpethon

M xture (by which is nmeant that resin before it begins to polymerize, and as
it is popsiymenizatipgandieceunteraet e teadency oif dietR eantionclibeinegito slrink during the
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In some embodiments, a source of heat can include a duct, which blows warm gas, such
as, for example, N, 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 aroﬁnd 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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A nol d separation station 303 can include apparatus to separate the back
curve nold part 101 fromthe front curve nold part 102. Separation can be
acconpl i shed for exanple with mechanical fingers and high speed robotic
novenent that pry the nold parts apart. In sonme enbodi nents, a cured |ens
whi ch includes a polyner/diluent mxture can be treated by exposure to a
hydration solution at a hydration station 304 which renoves the diluent Fi
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opht hal m ¢ device that resides in_or the eye. These devices can provide

optical duHraser sntign torfpguisld” Lolorbeit c72 ﬁhe termlens includes but is not

limted to soft contact |enses, intraocular |enses, overlay |enses, ocular
i nserts, langMatarialsasl inserts. In sonme embodi ments, preferred | enses of t he

nyar ogel o, -wniSrrh BFEE Hnse FARER B0 MR Fus b oL il SRES A RBIEEE one
f 1 uor ohy driegelericeSoir providt apticdl ensection oiinay boossnakie. The cﬂrmslec!; 1h¢1ud1és$ut #sat ent

No. 5,710,302, EP 406161, JP 2000016905, U.S. Pat. No. 5,998,498, U.S.
Pat ent NJot Bmifgd tasspét coptaes lepsgs, infggpculas lengss, avsrjay gnsgs, pelar ingsrts, apd@pticag.

S, Pat o B A% A0, FPbe NonePo PO NP sbh SomalP e B made
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6, 416, 690. he efer enbodi mnents of the re tio ude
Censes. oringdhprany ok é@fﬁr?r tecS A oo esrﬁllsaosb%rfyﬁé Bafent 3&3&193%
bal af i | copp 4’961%@tJ‘P32f0'0b@m905°\UQaPMfNB 998498, T PhichCQb. 6“087841'5' O Pat, No.
hydrogel s, including f exanpl e, |endes described in U’S. Pafent No.

6, 087, 4153,769,190, Bft. PaNbIO 557,716689%,(108 Rgt.o. I§a7tS9 0. B.S77 g, 91995,,8419 811, Pad U.SNo.
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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, including for example, lenses described in U.S. Patent No.
6,087,415, U.S. Pat. No. 5,760,100, U.S. Pat. No.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 Viscoeities 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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made from prepol yners. These patents as well as all other patent disclosed
in this application are hereby incorporated by reference in their entirety.
I nj ection Mol ding According to some enbodi nents of the present invention, a
surface |l ayer and core layer nold is injection nolded with a single unit

i njection nol ding apparatus by bl ending or conpounding plastic resins with
different viscosities under conditions present during injection nolding
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pushing the nelted conpound " resin through the nold cavi until it flows to
a di st al resioltht@gzhdhe miold cavity uptalit flawoto aﬁcbstamdﬂﬁﬁpéﬂleamtﬂ@amd% esinis
pushed t hrough the nold cavity, a first naterial will separate out to the
surface of the\sthé thepied ¢omdiiind nabirais pasied chrowghethe aiold/\bdvlityszeﬁm aberielwilt o t he
core of the d pa 0. d| nts, the |aI with a | ower
melt vi sésgaretﬁowwﬂq wgw% etL e 04 et HD and o aind el ogl! | §¢pa3ie OWdP ipar t
400 and the ighebld R0l Scosity material will tend to remain in the core
403 of the rml d part” 400. Cenerally, the separation will not be conplete,

however, %{?Xerﬂ%&%ﬁ odthRR ﬂi?ﬁ{a’te? 1 3R 2 TR e‘?% VIWoE?y&zﬂ?te%gﬁ%%?@ pe 1 ow

rate will Irgher cohce |on 'n ace ayer
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material will separate in t er 403 such.that at a iven Cross
section, PH¥ oK% c?ft&he{nﬁ E%f%%neﬁa@%&% feparsgipr Witk notbhg CPH’QP%%%ewF‘éRFer 403
will be %t%ﬁ‘}‘} ﬁﬁfeﬁ E&%E's sekfiéh ﬁ%@na?%tﬁ'ﬂ?eﬂ@%r %’lttﬂdfwl' 20 Qﬁfl?erdt@mg}i%rt he
surface | ayer "401-402. In sonme enbodi nents, the first material and the

second nedopedndiaticmim 4 mﬂ'acmlaytn/@ 1 s4é)|’zhas toyrpparccbmth thelmotre kaljer 403r Similadly gtheal  and
t he second mat rlal can hav |t visco t he conditions
present 1 RVERECT ¥Ryl R FepapronisaEe trrbSEE TR R ol P BR300,

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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Vari ous enbodi nents can also include a first nold material with a | ower
surface energy that separates out into a surface |ayer 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 thanes second
material. In another aspect, a first material can have a hi gher nodul us or
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bl end andetvrzhhiey athdumt bf the firstatateriahpreséntt in the diemd and whétherethk fiys atcHabwil
particular materials indicate that a hreak point occyrs . at about 45% _ 502 of
pol ypr opyfrpgﬁé SYacE Hamsthﬁs Pitigulanmaeraly ingidatq Gaiahreak RPIREGHES @f/akgut 1512

pol ypr opydee pyffe WRichGhl Be BEdnR Aforats Causk b ridj6dtyl Rl t
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ot os wHPL ot PRt (ribba B plefac Ae AR e SR it o fposy B psen

Ref er ri ngingukRcdIagsr. CiRerdnst Raterialé MR s6 @M AErids ﬁlrag;ﬁﬁvescﬁﬁtsiemaﬁ&s whidp| d
part according to the present invention are showmn. Fig. 6Aillustrates a

cross secddafion when aswibacd 1aygr wilhforinfovgpuee layphear i f vi ewed t hrough a
scanni ng el ectron mcroscope (hereinafter "SEM'). Fig. 6A illustrates a
pol ypr opyl ene Raferfiag @owdy Ergs66A and 618 twasy idvor ofexcaoss sestioBboxX @ mddth phre ageofidug ()

mater i ol PQUBYIRELYditish SR R s e ep Tpasties ntperfh 03
fromthe gipedrat@ewayBiodBh scthrdifEel6oR rhiddt8Eope Beteinafter “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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It can also be noted that unexpectedly, the addition of an additive
cont ai ni ng sil oxane, such as Dow Corning MB50-001 (conprising essentially
50% pol ypropyl ene and 50% sil oxane) i in an anount of about 5% into a bl end
of the two alicyclic polyners will additionally result in a mgjority of the
silicon separating into the surface |ayer 601. Therefore, it is within the
scope of the present invention to include additives, such as sil oxane
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pol ypr opyl ne and mat eri al 2, S ch as Z onor 60R(r) The
Do 1 oo additisnmay P SRGHET i ot Govare o6 ST e oA o (9ra LT 1 he surf ace

| ayer includes both the first andl second nmaterial. |In_addi t| on, ot her
materials or Aardingpshepipsens invartiandueVides meld pars. #smellgs methads aud f ace | ayer
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| ower surface energy for easy |ens demol ding and reduction in edgé chips

and edge tedentiod@f edgeshipSiand kdgel tyaralefeotse Suaﬂ\arlyrm¢cmd earalnnladea neferisd with desi r ed

nodul us charagteri,sti.cs and..di ona di ments, can
ool ue SORUEP SR e RS E SR RCR Bl Sbing SRR RRGs ol ThRle
pol yst yr egifpe matetibl ofQt16® coSUTRAEHIATEER 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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can include a nultilayer nold formed with two or nore resin materials with
different shrinkage or thernmal expansion factors which can facilitate |ens
denol d and | ens rel ease during hydration at selected tenperatures. Wile
the present invention has been particularly described above and draw ngs, it
will o- be understood by those skilled in the art that the foregoing ad

ot her changes in formand details nmay be nmade therein w thout departing
from t h&/VBafiis clainaed iscope of the invention, which should be linited only by
t he scope of the appended clains. fl Page- 17-of 24 13 11 What is cl ai med
is: 1 Anold part” for form ng a bionedical device, the nold part conpri sing;
a surfacle | apenokiqrgst fos forgniag Bibicmedisbleddvide, aahr&jrrmlctpanbndmmismgi; al and
conprising a surface area use r'?.tFe |orred| cal devi | c& .a]nd core
ayer comur ising BRUTAPS ByerapmpranSzrs! et BB Sracar ard Snelsont | al Iy

covered by thgm hél‘hbdﬁ)f%oeé’k@ﬁru@bﬂ,toﬁimﬁtﬁé%Mé@lcﬁrd@ﬁcé%ﬁl on, the anount
of the first material present in the surface |ayer is greater than t he

amount of the fir8tcormtayer eomprigise the fifst materid padithe seconshmatgrial end fir st

pol yrer nay S P O, R it Y BREIT ™ Bl Qoo™ PBR SRERrOI e 1 st

material . 2. agit@ntef BedRstmaferial gicgeat nhes gunfedehlﬁyél sgrea®r eidrafhehas a
different melt vi scosity than the second nmaterial when subject to the

condi ti ons ofNM@Nt ﬁi@@tflf%trfnﬁ’@lﬂél Prgseptipdle soigsarer o fashion the nold part.
tj 3. The mold pagi. ofiy ﬁ{eal'l l%bﬁﬁg"@&% o@}m%@rﬁ]h@lse%ﬁ TatOMNg"

viscosity than the “second & a n su e |njec i on nol di ng .
process usedcobmpfisshanathet belynmlrdaplagta crmmﬁfaﬂestmh.demm‘éremfthahaham 1 vvhere| n
‘the surface area ha Xi rrat end and a distal end and the surface at
the proxi mat BOWAE" g?ﬁﬁ'{)@g *t 98% or nore of the first material and the
di stal end conprises nore than about 70% of the first material.

2. The mold part of claim 1 wherein the first material has a different melt viscosity
than the second material when subject to the conditions of an injection molding

process used to fashion the mold part.

3. The mold part of claim 2 wherein the first material has a lower viscosity than the
second material when subject to the injection molding process used to fashion

the mold 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.
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5. The nold part of claim1 wherein the first nold material conprises about
40% or nore of the nold part. ij 6. The nold part of claiml1l wherein the
first material and the second nmaterial conprise a polyolefin and the first
material and the second material are not mscible on a nolecular scale.
Page - 18 of 24 7. The nold part of claim1l wherein the first material and
the second material conprise a polrgol e and aige first material and the

second rfat er ilAF mgid Paft qfé‘é?i’W _YYQPfqi Fhey‘j"lﬁ{ng‘eﬁfi Bd tha? 101 rI"é_Fer@!:al e. 8.
The mol d par g&@gnsé alﬂan_goné?ﬂ'éﬁa irSYmaRIFRl hd Bk SeddhdlHafBRbehicadt |69TPr T sing

less than 1 r nore “of e nold part; wherein the third materi al

conpri ses abeattiallp@vscblemmaaandectiatssald.n, at any given cross section, the
anount of silicon present in the surface |layer is greater than the anount
of silicon present in the core layer. 9. The nold part of claim1l wherein
the firgt matraginddld HRMAUTIcKRM ﬁaﬂ@iﬂ_@ﬁal?@&nﬁ’&%jnge@ﬁier_nfafb'cﬂhlbbﬁhpjﬁgmgﬂélss _
material. 10. The nold part of claim1l wherein the first material conprises

a hi gher sur tharel0%msmgretdidie Medd padiomMae e ieithird meteriatigenasisgs gheut of

cl aim1 wher g} ; LT i DL S : -t han the
second mat er .%Qlf}“ é'%%?aéﬁéh%%d&ﬁ]ar a@?g@%gliﬁq%fas\ﬁ%(rg@ﬁheW#?&?ﬁ'%@ eri al
conprises a pmyent molelsusfacé hafer ihgreater dinah thet @nobaht. of Klicomipeesaitdh thar t  of
claiml wherein both the first material and the second material conprise an
alicyclic pof9t#eaYehith one alicyclic polyner having a chemical structure
different than the other. 14. The nold part of claim 13 wherein the
alicyclic polyners conprise polynerizable cyclobutanes, cycl opentanes,

cycl one¥anes Theyeoldpaptafotsm twhkosn dreefirst matestay compldsesadower surface

bi scycl opent anes i sgycl ohexanes,. pbi scycl ohept anes, bi scycl ooct anes, or
nor b)c/)r naE\es energy tRan fe secon matse‘rlaP y P y

10.  The mold part of claim 1 wherein the first material comprises a higher surface

energy than the second material.

11.  The mold part of claim 1 wherein the first material comprises a higher modulus

than the second material.

12.  The mold part of claim 1 wherein the first material comprises a lower modulus

than the second material.

13. The mold part of claim 1 wherein both the first material and the second material
comprise an alicyclic polymer, with one alicyclic polymer having a chemical

structure different than the other.

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.
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15. The nold part of claim 13 conprising two alicyclic polynmers wherein the
alicyclic polynmers conprise a saturated carbocyclic ring. Page-190f24 " ~i
16. The nold part of claim 13 wherein the alicyclic polynmers are sel ected
fromthe group consisting of RBRRA RILR3 Rz RZRL RILRA RLRBRZR4 R R3
RL A2,4 R6 Rl 3 RA RS R6 RZR3 RS RZ Rand RL R4 5] ci wherein R10-6 are

|ndependentl sel ected fr e nDre nbers of the ons sting of
hydr ogerl®. CLEhE GRRIR At oficla g bhwhRseR H1e, A1y eicopal YBs a5, 1P EBA Jiom the1o

| ooal koxy, Cbﬁﬂ&,c&ﬁgéﬁﬂ dfnldo S|Iyl and substltuted Cl0looal kyl where the
substituents are selected fromthe group consisting of halogen, hydroxyl,
Clo- | ooal koxy onyl, Clo-iooal koxy, cyano, am do, ido and silyl. 17. The

nol d part of iy mll vvher BT the alicycl pol yner g e selected fromthe
group consi sti of gRt34\Rl R3 RZ RJR|RR4 R1 4 RZ A} Page - 20

of 24 3 2 R6 R Rl R4 RR6 R1 R : and 4
R’ 3
R® R2 RE R 1
R! R4 R 3 R .
R 1 R ] R ) R 1
R3
1 6 4 6 R2
R R2 R4 5R R1 R R R5 R
R3 R : R2 ;andR' R4

wherein R'%® are independently selected from one or more members of the
group consisting of hydrogen, C1q.100alkyl, halogen, hydroxyl, C1q.100alkoxycarbonyl,
Cio-100alkoxy, cyano, amido, imido, silyl, and substituted C1g.1g0alkyl where the
substituents are selected from the group consisting of halogen, hydroxyl,

C1o-100alkoxycarbonyl, C1o.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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wherein two or nore of R1O-fi are taken together to form an unsaturated
bond, a carbocyclic ring, a carbocyclic ring containing one or nore

unsat urated bonds, or an aromatic ring. 18. The nold part of claim 11
wherein the alicyclic polyners are selected fromthe group consisting of R
RS gRRs zRLARLS R RR RMR4R and Rz R wherein R10-6 are

i ndependently sel ected fromone or nore nenbers of the.group consisting of
hydr ogen, Clo-+ooal kyl, hal ogen, hydroxyl, Cl01lo0al kpxycarbonyl, Ci o

| ooal koxy, cyano, _ami do, imdo, silyl, and substituted C10-100al kyl where

t he substituentsiieaselected frompne|or nore neniers/of the group
consisting of 6/ gen, hydroxyl, | ooal koxycar |, Clo_lo0al koxy,
cyano, am do, i nd silyl. 19. nol d part ofclai m 11 where R10-6

Cro_Il ooal kyl, or Hstituted CLl0-iooal kyl where the stituents are
selected fromth pup consi sting g ogen,  hydr pxy\\
Clo- | ooal koxycaf] Clo- | oaal ko# 3 ani do, fi M, 4> and si |l yl . Page -

21 of 24 20.Rf D g \part of clpiy ]31|'\Wnseiﬁ? the alRcyelic pol yners are
yl R3 R2 RL R4 wieleir® R10. 4 4 i|$2iﬁ"1dependent l yng®'ect @ from Clo-""' al kyl .
21. The nold part of clai q%éLO wherein the nold further conprises an

addi t i vavherain twheor mnrg obdy t - afe taken tagetheitie fernhan Nasalgsrterd \pondsaabout 2.0

eact ong IR AR BN E ing oo ing Bk of ke SnaSii U nBrR AT oy e

pol yvi nrordhtt®heg.. 24. The nold part of claim 23 wherein the polyvinyl
al cohol is water soluble. 25. A nethod of formng a nold part for formng a
bi omedi cal device, the nethod

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

R1E¥RG

3
-and R? R

group consisting of

3 R1 R3
R? R R’
2
R R4 R® R4, R2

wherein R'%® are independently selected from one or more members of the group
consisting of hydrogen, Cig.100alkyl, halogen, hydroxyl, C1g.1g0alkoxycarbonyl,
C1o-100alkoxy, cyano, amido, imido, silyl, and substituted Cqp.1gpalkyl where the
substituents are selected from one or more members of the group consisting of

halogen, hydroxyl, Cig-1g0alkoxycarbonyl, Cig.1g0alkoxy, cyano, amido, imido and silyl.
19.  The mold part of claim 11 where R'%® Cyg.1gpalkyl, or substituted C1g.1goalkyl

where the substituents are selected from the group consisting of halogen,

hydroxyl, C1o-1g0alkoxycarbonyl, C1q.1g0alkoxy, cyano, amido, imido and silyl.
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conprising the steps of: mxing a conbined nold material conprising first
material and a second material, wherein the first material and the second
material are not mscible on a nolecular scale; injection nolding the
conbined nold material through a single injection wunit, wherein the nold
part conprises a first end proximate to the injection unit and a second end
distal to the injection unit; and form ng’, a functional |ayer on the surface
of the ®8i d paeMedaag & staim blwhereppiieAlicYelicePalYmets #fal | ayer; wherein at
any gi vep=efioss section, the anmount -of said first material in the
functiongi~llayer is greater than the anount of said first material in the
core | ayg Page - 22 of 24 { 26. The nethod of claim 25 wherein the core
| ayer copprhses at |east about 40%of the first material. 27. A nethod of
formng §n gphthalmic lens, the method conprising the steps of: mixing a
conbi ned frohd material conprising a first material and a second nmaterial,
wherein tihel¥irst material and the second material conprise a viscosity
differen iRa Rat the conditions present during injection nolding of a first
mol d pamdi; Lpjecti onsnol.di t ' | d ~medoeial to formthe first
nol d part ahe‘ﬁy@%rﬁﬁ}ﬁe f'?#@%pﬁﬁﬁ‘aﬁ@ﬁ@@g%ﬂﬁ& a%‘%‘?‘st 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 first nold part and a core
| ayer beneath the functional |ayer; wherein at any given cross section, the
amount - fy sarfle (i baP 8l 10 Wbl AL Ahe! AYAOdeS B BRdiRYe L han the
anount of " sal g material” 1n the core layer; 1njection nolding a second
nmol d part; dosing an anount of a reaction mxture into a receiving area of

one of the | d rts, erejn each nold part c jses a |ens formng
sur f ace22coupht AP RETRSCR BRI Wheio ettty eris ARPL & ONERIGR' REICRRLARS o i nt o

a desired shage;tef the ophthalmc lens within a cavity forned between the
first

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.
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nold part and the second nold part; and curing the reaction mxture to
fashion the ophthalmc |lens. 28. The nethod of claim 27 wherein at |east one
of the first nold part and the second nold part conprises an area capabl e
of transmtting sufficient light energy to cure the reaction m xture. 29.
The nethod of claim 27 wherein the injection nolding is perforned vi aa
single |nJ ection unit.  30. The method of claim27 wherein the firs

mat er i al2®and 15@&eRthod& 6'@!'@256\4’%9&@6%@9&%'%( ferapeRsAtusasi ARl §pﬁg°fat

| east two in ing units used to injection nold the first nold
part. Page _i@cﬁrg?r‘i’?g@ﬁa@

27. A method of forming an ophthalmic lens, the method comprising the steps of:

mixing a combined mold material comprising a first material and a second
material, wherein the first material and the second material comprise a viscosity
differential at the conditions present during injection molding of a first mold part;

injection molding the combined mold material to form the first mold part
wherein the first mold part comprises a first end proximate to theiinjecf:fion unit
and a second end distal to the injection unit; and

forming a functional layer on the surface of the first 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;

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 capablye 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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