CASTI NG CUP ASSEMBLY FOR FORM NG AN OPHTHALM C DEVI CE FI ELD OF THE

I'NVENTION [ 0001 Thi's invention refates, in one embodi ment, to a
casting cup assenbly for form ng ophthal m c devices such as contact

| enses. It also relates to a nold design for making the casting cup
assenblies and to | enses nmade fromthe casting cup assenbli es.
BACKGROUND [ 0002] Many opht hal m ¢ devi ces, including contact |enses,
surgical lenses, intraocular |enses, and the |like, are often nmade by
perform ng a polymnerization reaction within a casting cup assenbly.

The casting cup assenbly i @ASCIEIN@ CUP ASSEMBLY
FOR FORMING AN OPHTHALMIC DEVICE

FIELD OF THE INVENTION

[0001] This invention relates, in one embodiment, to a casting cup assembly
for forming ophthalmic devices such as contact lenses. It also relates to a mold
design for making the casting cup assemblies and to lenses made from the casting

cup assemblies.

BACKGROUND
[0002] Many ophthalmic devices, including contact lenses, surgical lenses,
intraocular lenses, and the like, are often made by performing a polymerization
reaction within a casting cup assembly. The casting cup assembly includes a
basecurve mold, which forms the portion of the device that rests against the eye,
and a frontcurve mold, which forms the portion of the device facing away from
the eye. A reaction mixture, which includes one or more polymerizable
monomers and other components, is disposed in the frontcurve mold. Thereafter,
the basecurve mold is pressed against the frontcurve mold and the reaction
mixture is forced to adopt the shape of the volume defined between the two
molds. After properly being positioned, the reaction mixture is subjected to
polymerization conditions (e.g. photopolymerization or other suitable technique).
The resulting polymer is removed from the casting cup assembly and subjected to

post-polymerization processing (e.g. rinsing, hydration, etc) to provide a finished
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basecurve nold, which forns the portion of the device that rests

agai nst the eye, and a frontcurve nold, which forns the portion of

the device facing away fromthe eye. A reaction m xture, which

i ncl udes one or nore polynerizabl e nononers and ot her conponents, is

di sposed in the frontcurve nold. Thereafter, the basecurve nold is

pressed against the frontcurve nold and the reaction mxture is

forced to adopt the shape of the volune defined between the two

nol ds. After properly being positioned, the reaction m xture is

subj ected to palphthemiizakvion epdationons theelegs frpmothe podly nesentdy iraymires

ot her suitable technique). The resulting polyner is renoved fromthe

casting cup asssetbirhty aaddr&ide] @einghftthe lens mold halves apart to release the cast
contact lens. Precise automated prying mechanisms are employed and the
repeated operation of this step is a critical factor in maintaining high yields of

lenses that meet the requirements of the lens design.

[0003] During this post-polymerization processing, careful inspection of the
lenses often reveals a substantial number of the Jenses contain defects. Defects
include a variety of fabrication errors such as holes in the lenses, tears in the
edges, the presence rings of excess polymer around the ophthalmic device, and
other similar defects. Therefore, an improved casing cup assembly that allows
repeatable and precise opening of the lens mold assemblies and prevents excess
flash material from interfering with the prying mechanisms is desired to reduce

the ocecurrence of these defects.

[0004] In U.S. Patent No. 5,540,410 incorporated herein by reference are
disclosed molds and their use in contact lens manufacture. With all cast molding
methods the manufacture of lenses that meet the intended design parameters is the
key goal and is difficult to obtain with complete accuracy given the very precise
design parameters that are called for, slight variation in the thickness and contour
of the lens, especially relating to its optical zone, and clean edges that show no
signs of tears or deformation. In addition, other various approaches to lens mold
design have been developed over time. For instance, US 6,997,428 shows the

use of tabs to align optical surface and that may also be used to pull the mold
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post - pol yneri zati on processing (e.g. rinsing, hydration, etc) to

provi de a finished Page! of 18 ophthalmc device. Separation of the
|l ens fromthe nold assenbly requires accurate and preci se prying of
the lens nold hal ves apart to rel ease the cast contact |ens. Precise
aut omat ed prying nmechani sns are enpl oyed and the repeated operation
of this step is a critical factor in maintaining high yields of

| enses that neet the requirenments of the | ens design. [0003]During
this post-polynerization processing, careful inspection of the |enses

often reveal s ehatuebspaNt Titdre RUBDRAICA ot AR heBSSareGREY A 1i&1RAL Sr o
Defects include a variety of fabrication errors such as holes in the

| enses, tears igodilplRtatfet VehReR IR ForlibRgS Of excess pol yner
around the ophthalmc device, and other sinmlar defects. Therefore,
an inproved casing cup assenbly that allows repeatable and precise

openi ng of the [beosy U PagsENd! 3,852,800 IIRKEMEN] PrR¥S 8BS vhtsADthtionally
mat eri al fron1|nterfer|ng with the pryi ng nechanisns is desired to

reduce the oCCUiMARGR Mirtsth@ KiEIRS St uilP Bk Bs W.nRand %r%ﬂun%‘oa hot
5, 540, 410 i ncor porate hereln by reference are disclosed nolds and

their use in coRtRetuh Q%u%ﬂa'ﬂ{éf BRIUES - imP¥h B 1§j|e&tloﬁaﬁ$w g gfo@@enmfgt heds
the manufacture of l|enses that nmeet the intended design paraneters is

the key goal angiettntidnt. g3k bsd QorBLRhA %Slhta%g@g}llﬁ%ﬁoc@ﬁlgu Eyhag{/e\éen
the very precise design parameters that are called I

variation in thgy U@écziaaq%u@cedonegiahgfaehep hah {12 fJnﬁ%meﬁ?e@sﬁwemon.
relating to its optical zone ean ed ges ow no signs of
tears or deformation. In addition, other various approaches to |ens
mol d desi gn haygodggen mx%k%q@fe@eﬁ% IISE rﬁmuﬁemaaa%%ﬁ@er n%%oﬁeé?&]? g‘el28

shows the use of tabs to align optical surface and that may al so
used to pull t theoadgyied injection front and to improve the separation of mold halves after

curing .
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hal ves apart. There is no indication that the tabs are used to
deliver nelt or to provide plane offset between the nold portions.

[ 0005] US Patent No. 5,252,056 illustrates a process that uses
rotationally symetric parts and which does not use a blade as a
means for having a hot runner run through the blade to inprove
injection flow by broadening the injection front. US 5, 254,000
teaches small tabs for interlocking nold halves and US 6, 444, 145 uses
one bl ade rather than the four of the present invention. [0006] None
of the references use multi plSUNMMARY QRTHEINVENTIONNMEr on a
broadened injection front and to inprove the separation of nold

hal ves after :ﬁ]bm P]ﬁlgaos?édq%x tl‘}1§ s e%%Yis g:ca}-t!i_lﬁ (L%'Vp as(s%ln%ﬁ/ﬁsing

100071Di scl ose t hi's speci iCation 18 a cas

conpri sing precision manufactured frontcurve and basecurve molds which include a set of

four blades on the periphery of both the frontcurve and basecurve molds.  When
the casting cup is assembled the blades allow for a larger footprint to be handled
by the automated systems equipment. The four blades are also out of plane with
the mold half and allow for a more robust prying equipment since the offset
allows for great space between the two mold halves, An advantage that may be
realized in the practice of some disclosed embodiments of the casting cup
assembly is the reduction of edge defects by minimizing the de-centering and
tilting of the concave and convex mold surface surfaces of a casting cup assembly
increased area available to operate prying apparatus on the cup assembly and also
additional area to keep overflow monomer from exiting the cup assembly and

contaminating the prying apparatus.
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preci si on manufactured frontcurve and basecurve nol ds which include a

set of four blades on the periphery of both the frontcurve and
basecurve nolds. When the casting cup is assenbled the bl ades all ow
for a larger footprint to be handl ed by the autonmated systens

equi pnent. The four bl ades are also out of plane with the nold half
and allow for a nore robust prying equipnment since the offset allows
for great space between the two nold hal ves. An advantage that may be
realized in the practice of sonme disclosed enbodi mrents of the casting
cup assenbly i 50008 redugkieRamsliryedigRdotahect Gstig SipNdstntly e difgosed.
de-centering and tilting of the concave and convex nold surface

surfaces of a CRftdaBgheCtlp RS |Ymbiies QAFSHNRE BoRY Hith ADERici @ mold
operate prying apparatus on the cup assenbly and al so additional area

to keep overf| qwfigenQHRAnLGT BXd,t 4 Rdgd NS LHMs ATRRND tYan@lﬂgn zone and a
contam nating the prying apparatus. %0008 In one exenpl ary

enbodi ment, a GAShI)Df BiHRlcAS ﬂ“ﬁé’fms}!mbl%r fAlB&! QapHses 1BasE@Sld MOIICHIN a
assenbly conprises a frontcurve nold with a concave nold surface, an

annul ar flat riBgvexdndil Sgeict,Nad ARhR: AR rﬁlgd%rﬂan?itlﬁﬂ ey &151%1&81?@ qnd

a plurality of blades. The assenbly furthér conprises a basecurve

mold with a conygx. Ww&ngpé fél%ﬁt%uveaﬂgldaxﬁ%gftéf with he [,A.s@cgm%fda';l 1’851d9nh

zone and a plurality of VWhen rontcuve no

the basecurve rEQ+ gﬂr lfl §RYid l¥nsdl§ff$ﬁ]deﬁgth Fl%l ge?%fngﬁ goo‘llsvg over raIlel

formed, the annu rings cooperate in ara oW i f

the dosed ”0”0%5115\90@8516‘%2#@'«% Fa%tm&{%%e%?c?ft NRELE, Ad [ BRLE of

bl ades al so cooperate I n 0 one another W ness

b.et ween them g n‘iz“tﬁ‘{lpeié bItaQe%QilsE)hgot il ecllﬁrf) ¢} elqet \rll\éea?n%ther Wi V@H nnu' a&ff | at
rings, thus allowng Iofe roptst _pry ng R A

woul d be the case. | a . I n_,anot her
exenpl ary embodi Tt %reatergt?an:tgl £ ﬁlﬁ%n?: Sl évegiﬁﬁ%ﬁ‘/’o ?%nu&qr g} r3ugsyg thoggllowing
casting cup assenb S front urve h a co ve nold
surface circunstri t?)‘}e/El “ By rﬁt?sfﬁa’mgfﬂgc lﬁ@?@rfgﬁw (f“\t(}gr E"ﬁ&}e Céﬁw‘ﬁ?q“%%’?"‘lfr
basecurve nDId ith a convex nold surface and four bl ades di sposed 90
degr ees fron1tﬁ@ SAdf ANt bl ades. [0009] I n anot her exenpl ary

enbodi nent, one of {he Hﬁades S tg%ager t han t he ot her }hree bl ades.
Thi's thicker blade He¥IOgKT FEmplaty SILRdIES Y 7 G950 fYP PEemBly iidiseloped.

bl ade cavity iﬂ,the mol ds used to produce the casting cup. This

thi cker bl ade d4%iBSBsCHPhE by COMBHFS cERNBHvEMol! PRE # sARRaYe gyald em

of the nmold to introduce plastlc into the mold as part of the nolding
process. The t Biréace Cupmsgab qdal@éa gings Hhg assembly further comprises a basecurve

mold with a convex mold surface and four blades disposed 90 degrees from the

adjacent blades.

[0009] In another exemplary embodiment, one of the blades is thicker than the
other three blades. This thicker blade design is achieved by providing for a
thicker blade cavity in the molds used to produce the casting cup. This thicker
blade cavity is then in communication with the runner system of the mold to

introduce plastic into the mold as part of the molding process. The thicker blade
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allows a broader nelt front of plastic which reduces turbulent flow
of the plastic into the nold. The net effect is that the plastic
confornms to the nold better and produces a casting cup nold assenbly
that is closer to the designed specification. BRI EF DESCRI PTI ON COF
THE DRAW NGS [00010] The present invention is disclosed with
reference to the acconpanyi ng draw ngs, wherein: [00011]] FIG | shows
a schematic profile view of a frontcurve and backcurve section of a
nol d apparatus of the present invention [00012] FIG 2 shows a
schemati c top villewsafbréadenteluiront dadtiinghch pedmbaviunbglehthibow efithe plsticof
the casting cup including the four blades; [00013] FIG 3 is a
perspective vi emioahe ol CRisuder effed st thmghe plpstkhowiongs tcihe hredd betes aof
the casting cup including the four blades; [00014] FIG 4 shows a
schemati c of a gmodlcks Peabidy Aipinicdd avasblg alatiy ckerps 0@ desingd epsrifkation.

| enses according to the present invention; and [00015] FIG 5 shows
an enbodi nrent of the invention one of the blades has a feature to

i nprove nelt flow [00016},] i | arge pitch
di fference setup using tﬁ%Rﬁ?@gﬁ@?j%}?i@ﬁpLﬁﬁ%@ﬁbont act
lens/ ol d hal Ve[ﬁmh%] t h'Fhe:I prll'tleste}ltailnven 1&)1(1:i is disclosed with reference to the accompanying

drawings, wherein:

[00011] FIG. 1 shows a schematic profile view of a frontcurve and backcurve

section of a mold apparatus of the present invention.

[00012] FIG. 2 shows a schematic top view of frontcurve casting cup showing

the features of the casting cup including the four blades;

[00013] FIG. 3 is a perspective view of a backcurve casting cup showing the

features of the casting cup including the four blades;

[00014] FIG. 4 shows a schematic of a small pitch difference setup of

producing contact lenses according to the present invention; and

[00015] FIG. 5 shows an embodiment of the invention one of the blades has a

feature to improve melt flow.

[00016] FIG. 6 shows a schematic of a large pitch difference setup using the

present invention to produce contact lens/mold halves in the initial mold.

[00017] Fig 7 shows a schematic of an array of small pitch difference cups in
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[00017]Fig 7 shows a schematic of an array of small pitch difference

cups in an array where the nold half assenblies are arranged for the
process of dosing, and curing. [00018] Corresponding reference
characters indicate correspondi ng parts throughout the several views.
The exanples set out herein illustrate several enbodi nents of the

i nvention but should not be construed as limting the scope of the
invention in any manner. DETAILED DESCRI PTION [00019] Sonic of the
factors that inpact the occurrence of edge defects in ophthalmc

devi ces i ncl udenfatial wies: the mald/hdQasepablict B dmahgbdol e prock dIrdasihg ce,
sone defects occur due to contam nation of the prying nechanisns or
sinple failure sgfdeudg wear. Providing a nold assenbly that allows for
nore robust and precise prying nechanism and greater area in the

nol d assenbly to maintain overfl ow nononmer and subsequent fl ashing

| eads to fewer [0@18Lt LdrresppadingC tefdrexs eshardctepil rifididats hdwsspandiah epaii C
view of the present invention including a frontcurve nold half that
has a central nebdgt®ecthicorvdlyiers ammaudxamplct @kt 6t NErel? AlusBatlRBRIRT
dam 123, a transition zone 124, and a plane with a set of plurality
of bl ades 125; embbaialens or W€ iwehbn it §ho\Mdtdatee&ﬁ&mu%yﬁmﬁﬁgm&sb&%d
section 111, an annular flat ring 112, a transition zone 113 and

pl ane 114wt h aheslg{,@tlglllg,ra@yllﬁaﬁn&f bl ades. The two sets of plurality
of bl ades defines a prying space 131. The two nold halves forma
cavity 134 that defnes the contact lens to be nolded. The dam 123
provi des a bather to contain excess nononer dosage from Page 7 of 18
spreading to the prying space. pleANNHIBERORGPPIIN AL I on With one

anot her define the nold cavity and a Trrst separation 130 between the
hol d hal ves an ecqnd s ration 131 between the nold hal ves where
t he second sepi(?@llglon%ﬁﬁ’?véptﬁ 3?1°é°ri)rﬂlﬁt rRIBAoh dhp PesBence Ofvies defselyimg
mechani snms 133 af matlca y |nserted to pry the nold hal ves
apart as part 8?‘? ﬁFF%IE’tC “ﬁﬁd’é@%ngo?l’e&dlﬂﬂ Beld habigg da practice,

some defects occur due to contamination of the prying mechanisms or simple

failure due to wear. Providing a mold assembly that allows for more robust and
precise prying mechanism, and greater area in the mold assembly to maintain
overflow monomer and subsequent flashing leads to fewer defects in contact
lenses. Figure 1 shows a schematic view of the present invention including a
frontcurve mold half that has a central mold section 121, an annular flat ring 122,
a monomer dam 123, a transition zone 124, and a plane with a set of plurality of
blades 125; a back curve mold half with a backcurve central mold section 111,
an annular flat ring 112, a traﬁsition zone 113 and a plane 114with a sets plurality
of blades. The two sets of plurality of blades defines a prying space 131. The
two mold halves form a cavity 134 that defines the contact lens to be molded.

The dam 123 provides a barrier to confain excess monomer dosage from
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[00020] FIG 2 shows a schematic drawing of a frontcurve nold half.
The set of plurality of blades 125 are disposed in a plane that is
out of plane with the annular flat ring. As can be seen fromthe
figure the four blades 125 are disposed in a plane 90 degrees from
each other in a symmetric fashion that allows the two nold halves to
sit stably when they are dosed with nononmer and pl aced together.
[00021] FIG 3 is a scaled drawing of the frontcurve 120 nold hal f

whi ch al so shows an enbodi nent of the present invention with the
plurality of blsadeding o the ptyargspadef dbt nfoldsrin oorweration wih otyargbo tdeBg
degrees. In operation, the backcurve nold sits on top of the

front curve nol dhanchld dweitponbambrst depemgen i130 pétaeadthe holdhelvepmulea/second
portion of the frontsurface lens nold. [00022] FIG 4 provides a

scal ed drawi ng separitiva 134 bkieusery the molldhahes hwlidnethb agckindiseparatiool tbtd & the
features displayed in a three di nensional representation, nanely the
centeral convexrs@elingobladed 1s whért pryagniiéchanifrhal 33 arecauchiticdllyenserted to
transition zone 113, and the plurality of blades 114. [00023] FIG 5
shows a scal ed iy @singd BAlve abir0 s fRiktiof eheMdndfadtutiBg probek bf dvRABIlenses.
feature, a small trough, disposed on one of the blades. [00024] FIG
7 shows another schematic of nold cup assenbly arrays. In this system
a tray of nol d [6020hsSEGLDRiskevd Ssclisaglici dlawing ofra frohiactve mohighabf Cltesst
and the tray is set up into quadrants where all of the asymmetric
cups i n each quadlanlityaifdlqiee $Eniredisphscihie asplae hat i@ ruabdf piane WO ERS)
The four blades 114, 125 are out of plane fromthe flat annular
portion 112, 12Zan@hr fleinkr astaind @eefromlict Bdte ihatds blatlaciesnpd dsprssd be
thicker in the range of 0.050 mMmto 0.4 mmwth a preferred val ue of
0. 2nun than t henatphek Jbldegess fidn adch@fker ihesyihétrip FaBibh that SllvRtes cwipl d
with a broader path to spread across the cavity. Renenber that this
is the step whah&daaehs kit kasly mkeﬂlth@ﬂhl‘é@lSsédSNibﬂth{EDhldﬂﬂaceMé@eﬂ hi s
step is done with better nelt flow the nold half produces is closer
to the design which subsequently provides nore consistent |ens
formation. [00Q86421T7herTGr 017 a sddlect AeBViCOHH tBE frohtenSe M) okl IR Widsh A
annul ar ridge 123 di sposed on the flat annular surface that acts as a
dam to contai n H¥wess cABHOMEIL JfItRSPrefcho Mveaminngitl he plihldy ioh blaB& in a
contact | ens manufacturing process. [00027] The bl ades al so serve to

provide the pl gnafe AfskSRém tohadtindthdr W¥SabiiteRt @preef As ioperatidia Mhd Rk I
cavity itself which provides the added advantage of allow ng nore
robustly desi gngeldRiYsNSpR BRI RnkSrve mold and the monomer dosage is placed in the

concave portion of the frontsurface lens mold.

[00022] FIG. 4 provides a scaled drawing of the backcurve mold with the
backcurve mold 110 features displayed in a three dimensional representation,
namely the centeral convex section 111 , the annular flat ring 112, the transition

zone 113, and the plurality of blades 114.

[00023] FIG. 5 shows a scaled drawing of a frontcurve mold with a melt means

feature, a small trough, disposed on one of the blades.
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[ 00028] The back surface contact |lens nold half shown in Figure 4 has

a concave central portion 111 and an annuiar flat area 112 . The
convex central portion of the back surface nold cooperates with the
concave central portion of Page 9 of 18 the front surface nold to
define the nold cavity 134. The back surface contact |ens nold half
has four bl ades separated from one another by 90 degrees that
cooperate with the blades fromthe front surface nold to provide
greater control of the orientation along a plane between the nold

hal ves and al | qa02an a€aSi 2rshows siolle schibMbitiddf)bhdld clpORbdnblPakssi ns@ist ed
to separate the nold halves. [00029] The front surface nold half also

has an annul ar spéan@ il bhmaldeey edsedbied geusadjnabembndfni@ peRBdsal agone
that cooperates with an annular flat indentation with a bevel ed edge

of the back surif.gcesei) thid@lalfirahdher!all Q0fheREREhSAC Bl @NERR gBrak alfehe
two surfaces to formthe nold cavity producing the contact |ens. The

operation of thgeskwed $8hSsaffe oibAGEH. On each ol d hal f produces the
slight planar offset. [00030] Figure 7 shows an alternate setup used

when the pitch difference is lower, in the range of |ess than about
20 nm then thgo@zERY mmodmmemmemsea@@ﬁt Tl Ae B5HAMDNA QMM Poliid8

orientation of each of the nold assenblies can be maintained due to

the symretry of112 heonayl e @88ts@Hce mold and backsurface mold may be thicker in the
range of 0.050 mm to 0.4 mm with a preferred value of 0.2mm than the other
blades to allows the melt plastic to enter mold with a broader path to spread
across the cavity. Remember that this is the step where each of the mold halves is
being molded. Where this step is done with better melt flow the mold half

produces is closer to the design which subsequently provides more consistent lens

formation.

[00026] The front surface contact lens mold also has an annular ridge 123
disposed on the flat annular surface that acts as a dam to contain excess monomer

flash from dosing the mold in the contact lens manufacturing process.

[00027] The blades also serve to provide the planar offset that allows greater
spacing than the mold cavity itself which provides the added advantage of

allowing more robustly designed prying apparatus.

[00028] The back surface contact lens mold half shown in Figure 4 has a
concave central portion 111 and an annular flat area 112 . The convex central

portion of the back surface mold cooperates with the concave central portion of
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[ 00031] The nold cups of the present invention have the foll ow ng
features: 1- Four Scalloped bl ades are protruding at about a 90
degree angle fromeach other; 2- One of the blades is used as a
surface appropriate for interfacing with the nelt delivery; The
system of the nmold. The nelt delivery system can be any of the

vari ous net hods known using for instance, either a cold or a hot
runner: 3- Under the nelt delivery blade, also naned tab, an

i ncreased thickness between 0.050 nmto 0.4 mmwith a preferred val ue
of 0.2mm The dbalkroufsutthiesmbldade deiane the mpldeayityd A4t Abe hadkisufipgsrontact
before entering the bow. Any shape that serves this purpose

(exanpl e: bevellews woldflmtfehas tfpenididel etmrated) o) orgaamother bys 8¢ dedihes that
overall plastic shape disclosed still provides very useful

i mprovenent i n acvopatatagrithribeblad@drom thedimt suréact hiokd fogadtidegredier Ontrelach
of the casting cup formng the front curve of the lens (FC) and the
base curve of tdfahd efient{tB&)along fplamebaiedit thomould halbet meedlovk enfdasitr
region just outside the bow and another flat region that extends to
the bl ades. ThentkfhideGopryinhasis tb &g imeasdearepuatethe hbld lalvane shift can
occur on either the FC or the BC, or, in a preferred enbodi nent on
both: 5- The thickness of the blades is equivalent or thinner than

t he t hi ckness dbo029] i Tiredronpbafiee awdd bdfbls@h@aun dnnular paef with e develed
enbodi nent, the difference in thickness is 0.1-nun. 6- The pitch of
the parts is sudet hdjficehDiotthecdpailtzont diahcooperags piithfae mhdarefi ddicnetidn,
the pitch between parts is 0.050 mmto 0.4 nun with a preferred val ue
of 0.2mm Thankgiti #béeraediLat thé Bk shftgeelnadld BYIF 0gt AbvwE Prage Sriedatidne
reached: a- Parallelismis necessary between the front curve and base

curve to achi evsd BO6ch s@RAEADI AN IR MBRINca L phdGeing thel @afcanrgs. t Mehe
excess nononer ring. In addition sone designs Page 11 of 18 w th non

spherical base $dfauén bEAYIKE sQA6AbIh@)Ss 08 Bad P mbRICKERprédiesOlE sEdt planar
aberration. Conpared to nonsymetrical plastic the base curve
presented in thjgged Nvention will not tend to shift on top of the
front curve after the nononer is deposited and before cure. Any

asymetry will [Eadysg ¢ 7l hlswh Gh att&ﬁatbqaﬁ Qﬂs@&/@hénothé @ﬁtéﬁ dgREnkOist he
unbal anced wei ght 00 2 The pl ane shif etween the flat section

just outside t hs‘wQD% tﬁélsia %Q%f flés@fthaﬁ%satow RhAd@ el araklc@whhwlnt)}eng

nonomner contanlnatlon/spl ing during dose and assenbly on

external plane.;, Ihi g ¥ Jséerdbﬁ@sva%dqh&&r%&uaﬁ §RcLRbE BE ﬁo@as@&ﬁﬁlfes meoet wo

casting cups post cure. ean prying area Is critical to yield and

upti ne because gﬁF@ 1,,ON the pry nechani sm
| eads to clogslg% %%%@ktﬁgﬁ§ &ggpgourﬂﬁggégd area and cl ean

outside plane offers an increased ease of handling conpared to parts
that are asymetric or smaller in projected surface. Lifting and

di spl acing the casting cups via the nean of suction cups or other
mechanismis facilitated by both the symmetry and the | arge surface.
The plane shift between the inner flat section and the outer fl at
section extending to the blades allows to have a section with an

i ncreased di stance between the FC and BC after they are assenbl ed.
This enabl es the use of |arger prying nechani sm Larger prying
mechani snms are advant ageous because they are easier to manufacture
and offer a | arger resistance. [ 00034] The presence of specifically
four bl ades all ows several assenbly options. For instance, one of the
assenbly options is such that the blades on the FC and the BC are
aligned. In such case the prying mechanismcan offer a simlar
deformati on between the front curve and the base curve. hi another
option, the BC can be oriented with the bl ades at 45 degrees fromthe
FC. In such case, it is possible to use a prying nmechani sm such that
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f 00035] Wile the invention has been described with reference to

certain enbodiments, it Wil be understood by those skilled in the
art that various changes nay be nmade and equi val ents may be
substituted for elenents thereof to adapt to particular situations

wi t hout departing fromthe scope of the disclosure. Therefore, it is
I ntended that the clains not be limted to the particul ar enbodi nents
di scl osed, but that the clains will include all enbodi nents falling
within the scope and spirit of the appended clains. Wat is clained

is: 1. A castingoesup aseendlllyufsf tieQfrdiciOnntioPhivb @l folowiaY G irest Ne
assenbly conprising: a frontcurve nold conprising: a concave

nol d surface Orfcar s&flosdddadel arleRpotfulHRlaC MME a0l ddgret RBICHNE BXE JR:d
surface having a perineter that is surrounded by, and conti guous

with, a flat anmHdr tel BhleMstdlePdt 4 HGEe @gf@ﬁm@m iR @Y Qi Bl melt
periphery; a first ring disposed on said at annular ring formng a

dam a transitiRivegpNehedysPAsEInOholdeTIRUGLEE dBRkEPRSEN &h rRahd of hat

various methods known using for instance, either a cold or a hot runner: 3- Under
the melt delivery blade, also named tab, an increased thickness between 0.050
mm to 0.4 mm with a preferred value of 0.2mm. The goal of this feature is to
broaden the melt front before entering the bowl. Any shape that serves this
purpose (example: beveled surface, trench before bowl) can be used. The overall
plastic shape disclosed still provides very useful improvement in meolding
processes without the this feature: 4- On each of the casting cup forming the front
curve of the lens (FC) and the base curve of the lens (BC), a plane shift occurs
between the flat region just outside the bowl and another flat region that extends
to the blades. The ratio of these regions can vary. The plane shift can occur on
cither the FC or the BC, or, in a preferred embodiment on both: 5- The thickness
of the blades is equivalent or thinner than the thickness of the inner plane and
bowl area. In a preferred embodiment, the difference in thickness is 0.1-mm. 6-
The pitch of the parts is superior to the part width. In a preferred embodiment, the
pitch between parts is 0.050 mm to 0.4 mm with a preferred value of 0.2mm.
Thanks to these features, the following advantages can be reached: a- Parallelism
is necessary between the front curve and base curve to achieve good separation

between the uncured lens and the excess monomer ring. In addition some designs
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annul ar ring; a plane di sposed on the transition zone that
conprises a plurality of flat blades in a plane; a basecurve nold

conpri si ng: a convex nold surface on a bottomside of the
basecurve nold, the convex nold surface having a perineter that is
surrounded by a bottom surface; a second flat annular ring with
an inner periphery and an outer periphery; a second transition

zone di sposed on the outer periphery of said flat annular ring;

a second pl ane di sposed on the transition zone that conprises a

second pl ural i tvwitlofiorf dphg¢richl adesirvaregaiedhasaliesnd topkdure anRoptithlebesgmnb| y

as recited in claim1, wherein the concave nold surface and convex

nmol d surface haVenghrddf ®rensynouetsicd piastc thediasd bt pwbraredtinehib aseousy e

nold is disposed on the frontcurve nold, a stop is defined by a

poi nt - of - cont acwilloet weé e dhifeox pedve fimk durselsfta cle madnee vviegodied and

surface thereby establishing a volune between the concave nold

surface and corbefore tik.dAsudsiametry Ralfmdi& thé ridkBfor the base curve to shift due to
the unbalanced weight.
[00032] The plane shift between the flat section just outside the bowl and the
flat section/blade will allow limiting monomer contamination/spilling during dose
and assembly on the external plane. This will leave a clean area for prying apart
the two casting cups post cure. A clean prying area is critical to yield and uptime
because accumulation of uncured monomer on the pry mechanism leads to clogs
and jams.
[00033] The four-bladed area and clean outside planc offers an increased ease
of handling compared to parts that are asymmetric or smaller in projected surface.
Lifting and displacing the casting cups via the mean of suction cups or other
mechanism is facilitated by both the symmetry and the large surface. The plane
shift between the inner flat section and the outer flat section extending to the
blades allows to have a section with an increased distance between the FC and BC
after they are assembled. This enables the use of larger prying mechanism. Larger

prying mechanisms are advantageous because they are easier to manufacture and

offer a larger resistance.
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3. The assenbly as recited in claim2, wherein the second annul ar

ring has a termnus that s spaced fromthe first top planar ring
surface by a first gap when the basecurve nold is disposed on the
frontcurve nold and the stop have established a first volume with a
defined thickness. 4. The assenbly as recited in claim3, wherein the
first set of blades and the second set of bl ades established a second
volume with a defined thickness. 5. The assenbly of claim4 wherein
said first plurality of blades conprises four blades and said second

plurality conpr0sesd] f Oltte plessiles .of Gpeclfi@llasiaibladesaslidvac kdvel iakselbBi M
3, wherein the thickness of said first volune is | ess than about

0. 050 ni | |'i met edpSionsl ForliGamieSeMEd fith@ssséily lofbris s &lcaithat Ghe BMARE 8h M he
second thickness is in the range of about 0.050 to 0.4 mllineters.

8. The assenbl YF@indcheBMak AMRER 1A sifcBichkelthd Siinp i¢tnistyca@lb B} A8 Rar
conprises one blade that is thicker than the other blades of said

plurality. 9. TReraasRVeenlthe kahiBubMIBHERI PasS 3lide S BF AR P, ey
of bl ades conprises one blade that is thicker than the other” bl ades

of said plural igy canlfd oribhed m%mhydeg)gttgcﬁ:bf&slﬁm%eeﬂ'(ﬂ %&cﬁ%ﬂs%gﬁ%el .

bl ades in said first plurality of blades has an interface wt
delivery MBAaNS.possible to use a prying mechanism such that the FC is clamped flat and an

amount of flexion is introduced on the BC. Such options and attributes can
depending on the lens monomer used lower the defect rate that might appear
during the prying operation. The casting cup manufacturing benefits for molds
with a large pitch between parts. Such molds allow for large cooling line options
and shape as well as a variety of hot or cold runner options. Conversely, further
lens manufacturing steps such as dosing, FC/BC assembly and prying benefit
from a small footprint for cost and space efficiencies. One possibility to
accommodate for this variation is to change the pitch of the parts with a robot.
However this invention allows having a mold that has twice the pitch of the
downstream line (see Figure 6). The robot then transfers parts in the downstream
pallet and deposits every other cavity. The 90 degree symmetry of the part
invented allows for the retention of homogeneity in part presentation to
downstream robots. The thinner blades will fill after the bowl area, providing
equivalent filling properties compared to one/bladed (one tab) parts that are well

known to provide appropriate dimensional stability.
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11. The assenbly of Caim 10 wherein the blade with runner feature
has a runner feature chosen fromtroughs, beveled surface, and trench
before bow. 12. A nethod for manufacturing contact |enses which
conprises the steps of: Providing an array of four casting cup
assenbl i es di sposed around a center that conprise a frontcurve nold
wi th four protruding bl ades and a backcurve nold with four protruding
bl ades where one of said protruding bl ades is thicker than the
others creating an orientation vector wherein the orientation vector
of each of sai d08S1 i nYhdw pheasyentisin kas begn ofesesibed dvitho wrierancet ivecertait er
of said array. 13. A nold assenbly for producing a casting cup
assenbly for fomriodgneats, wphit bainderstodd by dwsedhiadiis thegrtahat venteuls ichangest
nold parts that define two cavities including a frontcurve nold
cavity conpri simay be made and equralentemap belsubatithmd doratenzentsghersefde addpt tche
fronteurve nold, the concave nold surface having a perineter that is
surrounded by, mrndulaonditugiiomsswithdu, departing from the scope of the disclosure.

Therefore, it is intended that the claims not be limited to the particular
embodiments disclosed, but that the claims will include all embodiments falling

within the scope and spirit of the appended claims.
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a flat annular ring with an inner periphery and an outer periphery;

a

first ring disposed on said fiat annular ring formng a dany a

transition zone di sposed on the outer .
ring; a plane di sposed on the transition zone that conprises a

plurality of flat blades in a plane; a basecurve nold cavity
conpri si ng: a convex nold surface on a bottomside of the
basecurve nold, the convex nold surface having a perineter that is
surrounded by a bottom surface; a second flat annular ring with

an inner peri ph&hy iacdsingd iout er peri phery;

zone di sposed on the outer periphery of said flat annul ar ring,
a second pl ane disp S?aq 119%@%' essé[ngb n?cl)rtfa%nz M epﬁtPa mlccc?enﬁze HE3 assembly

second plurality of

sai pla

comprising:

a frontcurve mold comprising:

a concave mold surface on a top-side of the frontcurve mold, the
concave mold surface having a perimeter that is surrounded by, and
contiguous with,

a flat annular ring with an inner periphery and an outer periphery;

a first ring disposed on said flat annular ring forming a dam;

a transition zone disposed on the outer periphery of said flat
annular ring;

a plane disposed on the transition zone that comprises a plurality of
flat blades in a plane;

a basecurve mold comprising:

a convex mold surface on a bottom-side of the basecurve mold, the
convex mold surface having a perimeter that is surrounded by a bottom
surface;

a second flat anmular ring with an inner periphery and an outer
periphery;

a second transition zone disposed on the outer periphery of said
flat annular ring;

a second plane disposed on the transition zone that comprises a

second plurality of flat blades in said second plane.

The assembly as recited in claim 1, wherein the concave mold surface and
convex mold surface have different curvatures such that, when the
basecurve mold is disposed on the frontcurve mold, a stop is defined by a
point-of-contact between the concave mold surface and convex mold
surface thereby establishing a volume between the concave mold surface

and convex mold surface.
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14. A contact | ens made using the cup assenbly produced using he nol ds
of claim 13. Page 17 of 18

3. The assembly as recited in claim 2, wherein the second annular ring has a
terminus that is spaced from the first top planar ring surface by a first gap
when the basecurve mold is disposed on the frontcurve mold and the stop

have established a first volume with a defined thickness.

4, The assembly as recited in claim 3, wherein the first set of blades and the

second set of blades established a second volume with a defined thickness.

5. The assembly of claim 4 wherein said first plurality of blades comprises

four blades and said second plurality comprises four blades.

6. The assembly as recited in claim 3, wherein the thickness of said first

volume is less than about 0.050 millimeters.

7. The assembly as recited in claim 6, wherein the second thickness is in the

range of about 0.050 to 0.4 millimeters.

8. The assembly of claim 5 wherein said first plurality of blades comprises

one blade that is thicker than the other blades of said plurality.

9. The assembly of claim 5 wherein said second plurality of blades

comprises one blade that is thicker than the other blades of said plurality.

10. The assembly of Claim 1 wherein one of said blades in said first plurality

of blades has an interface with a melt delivery means.

11. The assembly of Claim 10 wherein the blade with runner feature has a
rumner feature chosen from troughs, beveled surface, and trench before

bowl.

12. A method for manufacturing contact lenses which comprises the steps of:
Providing an array of four casting cup assemblies disposed around
a center that comprise a frontcurve mold with four protruding blades and a

backcurve mold with four protruding blades where one of said protruding
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13.

14.

blades is thicker than the others creating an orientation vector wherein the
orientation vector of each of said casting cup assemblies is oriented

towards the center of said array.

A mold assembly for producing a casting cup assembly for forming an
ophthalmic device comprising a plurality of mold parts that define two
cavities including

a frontcurve mold cavity comprising:

a concave mold surface on a top-side of the frontcurve mold, the
concave mold surface having a perimeter that is surrounded by, and
contiguous with,

a flat annular ring with an inner periphery and an outer periphery;

a first ring disposed on said flat annular ring forming a dam;

a transition zone disposed on the outer periphery of said flat
annular ring;

a plane disposed on the transition zone that comprises a plurality of
flat blades in a plane;

a basecurve mold cavity comprising:

a convex mold surface on a bottom-side of the basecurve mold, the
convex mold surface having a perimeter that is surrounded by a bottom
surface;

a second flat annular ring with an inner periphery and an outer
periphery;

a second transition zone disposed on the outer periphery of said
flat annular ring;

a second plane disposed on the transition zone that comprises a

second plurality of flat blades in said second plane.

A contact lens made using the cup assembly produced using he molds of

claim 13,
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