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

I'NVENTTON 100011This invention refates, in one embodi ment, to a
casting cup assenbly for form ng ophthal m c devices such as contact

| enses. BACKGROUND [ 00021Many opht hal m ¢ devi ces, including contact

| enses, surgical |enses, intraocular |lenses, and the like, are often
made by perform ng a polynerization reaction wthin a casting cup
assenbly. The casting cup assenbly includes a basecurve nold, which
forms the portion of the device that rests against the eye, and a
frontcurve nold, which forns the portion of the device facing away
fromthe e t] L xture. which includes one o r

pol yner i za%l@m 5@@’Q@QEW@L%E%MBMI@G@%@?&BTHMWC
frontcurve nold. Thereafter, the bgiﬁﬁﬂiﬁﬁ nold is pressed agai nst
the frontcurve nold and the reacti i re is forced to adopt the
shape of the volunme defined between the two nolds. After properly
bei ng positioned, the reaction mxture is subjected to polynerization
conditions (e.g. photopolynerization or other suitable technique).
The resul tFikg.IHOF I INYENGE@GNed from the casting cup assenbly and
subj ected to post-pol ymerization processing (e.g. rinsing, hydration,
etc) to prl8Wde a fi ﬂ%@h@@nmwh@sm englavhacignenDue & pagtingiup assembly for

post - pol yneri zati on processing, careful inspection of the |enses
often forming ophthalmic devices such as contact lenses.

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 (¢.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 ophthalmic

device. During this post-polymerization processing, careful inspection of the lenses often
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reveal s a substantial nunber of the | enses contain defects.

[0003] Defects include a variety of fabrication errors such as holes
in the lenses, tears in the edges, the presence rings of excess
pol ymer around the ophthal m c device, and other simlar defects.
Therefore, an inproved nethod for providing ophthal mc devices is
desired that reduces the occurrence of these defects. SUMVARY OF THE
| NVENTI ON [ 0004] Di scl osed in this specification is a casting cup
assenbly conprising precision manufactured frontcurve and basecurve
nol ds which include a ring that circunscribes the respective concave
and convex nold surface. Wen the casting cup is assenbled, the rings
al i gn wi t hreidadprn bdwitie]l mmbenef the levsentontsn defedter i ng and tilting of the
concave and convex nold surfaces which, in turn, reduces edge
def ects. [IP0@H] An adBficagecltdeatvariety obfabrigdibn ziedts suthtabhbolpyiadic lesenf
sone di scl osed enbodi nents of the casting cup assenbly is the
reducti on todrs edfje cdbes, dlot mesbycenings of exievg pdlinaerdeemd mliicarphthgindadevidel t i ng
of the concave and convex nold surface surfaces of a casting cup
assenbl y. {nd@@fs} timilenkfeke Mhtafoye, airbastove iicthod foqgbvitigg 6plphakarenbl y
i s disclosed. The

devices is desired that reduces the occurrence of these defects.

SUMMARY OF THE INVENTION

[0004] Disclosed in this specification is a casting cup assembly comprising
precision manufactured frontcurve and basecurve molds which include a ring that
circumscribes the respective concave and convex mold surface. When the casting cup is
assembled, the rings align with high precision and prevent de-centering and tilting of the
concave and convex mold surfaces which, in turn, reduces edge defects.

[0005] 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.

[0006] In one exemplary embodiment, a casting cup assembly is disclosed. The
casting cup assembly comprises a frontcurve mold with a concave mold surface
circumscribed by a ring. The assembly further comprises a basecurve mold with a
convex mold surface and a second ring. When the frontcuve mold is mated with the

basecurve mold, edges of the respective rings mate and minimize the de-centering and
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casting cup assenbly conprises a frontcurve nold with a concave nold

surface circunscribed by a ring. The assenbly further conprises a
basecurve nold with a convex nold surface and a second ring. Wen the
frontcuve nold is mated with the basecurve nold, edges of the
respective rings mate and mnimze the de-centering and tiling of
the nold surfaces. [0007] 1 n another exenplary enbodi nent, a casting
cup assenbly is disclosed. The casting cup assenbly conprises
frontcurve nold with a concave nold surface circunscribed by a ring.
The assenbly further conprises a basecurve nold with a convex nold
surface and a second ring. The basecurve has a textured surface that
i s conti nuding ahithernqld surfsefyex nol d surface. The textured surface is
between the base of the convex nold surface and the second ring. Wen
the front c@PYH nol d iz annghes gxapipldry enbodimend cagasténgrash dsserably ésdisfosedhe
respective rings mate. [0008]1n another exenpl ary enbodi nent, a
met hod of Fhsroasting cap esssmbly gomppsenBoweriyyympld withsodoneayd moldhsarfaest hod
i ncludes the step of precision lathing a casting cup assenbly. BRI EF
DESCRI PT1 GucorscTHEd HRAMIN e assembly further comprises a basecurve mold with a

convex mold surface and a second ring. The basecurve has a textured surface that is

continuous with the convex mold surface. The textured surface is between the base of the

convex mold surface and the second ring. When the frontcurve mold is mated with the

basecurve mold, edges of the respective rings mate.

[0008] In another exemplary embodiment, a method of forming a casting cup

assembly is disclosed. The method includes the step of precision lathing a casting cup

assembly.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The present invention is disclosed with reference to the accompanying
drawings, wherein:

[00010] FIGS. 1A and 1B are profile views of select portions of a prior art
casting cup assembly shown in an unassembled and assembled state, respectively;
[00011] FIG. 2A is a top view of a casting cup assembly showing the eccentricity
between the frontcurve and basecurve molds and FIG. 2B is a cross-sectional view of a
casting cup assembly;

[00012] FIG. 2C is a graph correlating eccentricity to edge defects and FIG. 2D
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[ 0009] The present invention is disclosed with reference to the
acconpanyi ng draw ngs, wherein: [00010]FIGS. | A and IB are profile
views of select portions of a prior art casting cup assenbly shown in
an unassenbl ed and assenbl ed state, respectively; [00011]FIG 2Ais a
top view of a casting cup assenbly showi ng the eccentricity between
the frontcurve and basecurve nolds and FIG 2B is a cross-sectional
view of a casting cup assenbly; [00012]FIG 2C is a graph correlating
eccentricity to edge defects and FIG 2D is a cross-sectional view
showi ng tilting between frontcurve and basecurve nol ds;

is a cross-sectional view showing tilting between frontcurve and basecurve molds;
[00013] FIG. 3A and FIG. 3B are profile views of select portions of a casting cup
assembly shown in an unassembled and assembled state, respectively;

[00014] FIGS. 4A and 4B are top views of a frontcurve mold and basecurve
mold, respectively;

[00015] FIG. 4C is a top view of a casting cup assembly showing the alignment
of a basecurve mold and a frontcurve mold;

[¢0016] FIGS. 5A and 5B are profile views of two mated rings respectively
located on a basecurve mold and a frontcurve mold; and

[00017] FIG. 6 is a profile view of a select portion of a frontcurve mold showing
first and second continuous rings while FIG. 7 is a profile view of a selection portion of a
frontcurve and basecurve mold wherein the basecurve mold includes a textured surface.
[00018] Corresponding reference characters indicate corresponding parts
throughout the several views. The examples set out herein illustrate several embodiments

of the invention but should not be construed as limiting the scope of the invention in any

manner,
DETAILED DESCRIPTION
[00019] Some of the factors that impact the occurrence of edge defects in

ophthalmic devices include the relative de-centering and/or tilting of the basecurve mold

and the frontcurve mold in which the devices are cured. Referring to FIGS. 1A and 1B, a
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[00013]FIG 3A and FIG 3B are profile views of select portions of a

casting cup assenbly shown in an unassenblied and assenbl ed state,
respectively; [00014] FIGS. 4A and 4B are top views of a frontcurve
nol d and basecurve nol d, respectively; [00015]FIG 4Cis a top view
of a casting cup assenbly showi ng the alignnent of a basecurve nold
and a frontcurve nold; [00016]FIGS. 5A and 5B are profile views of
two mated rings respectively |ocated on a basecurve nold and a
frontcurve nold; and [00017]FIG 6 is a profile view of a sel ect
portion of a frontcurve nold show ng

prior art casting cup assembly 100 is shown. Casting cup assembly 100 includes
frontcurve mold 102 and basecurve mold 104 that mate to define a volume 106. An
ophthalmic device is cured within this volume 106. In practice, these mold pieces are
often not properly centered and/or become tilted.

[00020] FIG. 2A provides a schematic top-view that depicts de-centering of a
convex mold 204 (centered about point 202) disposed within a concave mold 200
(centered about point 206). In FIG. 2A, the center points are offset by eccentricity 208,
resulting the distance 210 on one side of the mold being less than the distance 212 on the
other side of the mold. Afier the reaction mixture is cured, the non-hydrated, but fully
cured lenses, are immersed in an epoxy mixture and the epoxy cured to lock the lenses in
a fixed position. The epoxy and locked lenses are subsequently sliced in half, polished,
and analyzed under a microscope for defects. In those situations where the two molds
were not centered, edge defects (chips, tears, rings, et¢) were more common. FIG. 2B
provides a cross-sectional view showing mold pieces are not properly centered. Due to
the de-centering in FIG. 2B, the volume 106 is not properly scaled. See distance 212.
This improper seal translates into edge defects when the resulting lens is de-molded.
[00021] FIG. 2C graphically depicts the results of certain de-centering
experiments. The graph in FIG. 2C correlates eccentricity (in microns) to edge defects.
In the first example, lenses with high edge defects were measured with respect to the
distance between a first side (214) and a second side (216). In the embodiment of FIG.

2C, approximately a ten micron gap is present showing the eccentricity. In the second
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first and second continuous rings while FIG 7 is a profile view of a
sel ection portion of a frontcurve and basecurve nold wherein the
basecurve nold includes a textured surface. [00018] Correspondi ng

ref erence characters indicate corresponding parts throughout the
several views. The exanples set out herein illustrate severa

enbodi nents of the invention but should not be construed as limting
the scope of the invention in any manner. DETAI LED DESCRI PTI ON

[ 00019] Sone of the factors that inpact the occurrence of edge defects
i n ophthal m c devices include the relative de-centering and/or

tilting of the basecur, nmol, d d the frontcurve nmold.in i C e
devi ces ar 8<gIPlc lpnsaR ?‘i"ﬁ@get%?‘ﬁs(%?e @%%‘ﬁ'g lrfL‘B?m‘Qgr %?bil%lr(\e%t flg%é@fi ng
cup assenbly 100 .is shown. Casting cup, assenbly 1Q0 includﬁg

f ront cur vessiaidsiderZ0hMe WRLSERASLA fyT BHCIMecFRitcivt opg- fefPhe a

vol une 106. An ophthalmc device is cured within this volune 106. In
practice, PHENS bt bpusd Exasy partisulgr deaty.gpliGapes beliqvy thedpv epasairisity/ or

becone tilted. 1000201FI G 2A provides a schematic top-view that
depi cts debefepanghe epyvesf ang concave mold surfaces results in reduced edge defects

corresponds to those lenses where the volume between the mold surfaces is properly
sealed. Applicants suggest sealing defects are caused by de-centering and/or tilting of the
mold pieces.

[00022] FIG. 2D provides a schematic top-view that depicts tilting of a convex
mold 200 disposed within a concave mold 204. Volume 106 is not properly sealed as
show by the formation of distance 212. The edge defects associated with such an
improper seal are still problematic.

[00023] FIGS. 3A and 3B are profile views of a portion of casting cup assembly
300 shown before (FIG. 3A) and after (FIG. 3B) basecurve mold 304 is disposed on
frontcurve mold 302.

[00024] Frontcurve mold 302 includes a concave mold surface 306 which forms
the forward-facing portion of the ophthalmic lens. The perimeter 310 of concave mold
surface 306 is sized to receive convex mold surface 316 of basecurve mold 304.
Frontcurve mold 302 further includes a planar top surface 312 that is contiguous with
perimeter 310. A first ring 314 circumscribes concave mold surface 306 and extends
from the top-side of planar top surface 312 and above perimeter 310. In one

embodiment, the ring is a continuous ring. The ring is precision manufactured with
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convex nmold 204 (centered about point 202) disposed within a concave

mol d 200 (centered about point 206). In FIG 2A, the center points
are offset by eccentricity 208, resulting the distance 210 on one
side of the nold being | ess than the distance 212 on the ot her side
of the nold. After the reaction mxture is cured, the non-hydrated,
but fully cured | enses, are imersed in an epoxy m xture and the
epoxy cured to lock the lenses in a fixed position. The epoxy and

| ocked | enses are subsequently sliced in half, polished, and anal yzed
under a m croscope for defects. In those situations where the two

nol ds were not centered, edge defects (chips, tears, rings, etc) were
nor e conmoi§sPer testhedmifp edagi of e fepnicpyg snodddA2. diest ring b psdviries g fives lhallf

pi eces are not properly centered. Due to the de-centering in FIG 2B,
t he vol uneofrodntpriocking festusp despiibed dm fustlier detad bglost dihdsein@dlockinpHiagure

i nproper seal translates into edge defects when the resulting lens is
de- nol ded. helipowRintiF dg-cep€rigg aplilond dfygonteps mpkl sutfecer386 ahd ®@nodx maddt ai n
de-centering experinents. The graph in FIG 2C correl ates

eccentri cisugfagd 316nmi crons) to edge defects. In the first exanple,

| enses with high edge defects were neasured with respect to the

di st ance bl@0dS¢n a f Bastuyk deld 4)clates canveemohidushade 16 h6h forhn tliche
enbodi mrent of FIG 2C, approximately a ten mcron gap i s present

showi ng t hert@ocdtiterdpbibtinic lens thaecosacte adlcyee Thapirimetbred2d @ corvénmblaw
edge defects were neasured in a simlar fashion (first side 218,
second si derf22®)! 6 &nyized ppbodisprrddghiyt oatsfle perifittar3a0 whes eREmbIG BOYisi S
shown. W thout wi shing to be bound to any particular theory,

appl i cant sfofddiveitetht hdjadenmpl@RERBION B EontiPRhMeen pthReeOIP0eXhand
concave nold surfaces results in reduced edge defects corresponds to
t hose | ensasanhesfohdi@e wolduiEakeiosasdcdnlex MBladugate 336 &% differddi QRAT | Y
seal ed. Applicants suggest sealing defects are caused by de-centering

and/ or t [ |thzit,n&ghe§ﬁfba§ehﬁ’vgﬁiom @4@5&@08&%&1&'@111@@3@1Q\éiog@§6 8 created
schematic top-view that depicts tilting of a convex nold 200 di sposed

W thin a cangsdsnsDlotnd0%s. Yok iBe d0Rhin%e IBIdRHONE dVain §BIEd] as show
by the formation of distance 212. The edge defects assocCiated with

such an | Haf-a s SR reﬁﬂl%g%ph{hlalnﬁé oXely eﬁ%@éu?ve hAPBBIELES 2 3nd ?ﬁlg 3B
are profile views of a portion of casting cup assenbly 300 shown

o ot s S 3B sy st snoned
mol d sur f 366, 300 it ed Q5T the axis of the basecurve mold optical surface. The second
ring 324 circumscribes the convex mold surface 316 and extends from the bottom surface
322 past the perimeter 320. Second ring 324 provides the second half of the interlocking
feature.
[00026] Some machinery used in the manufacturing of ophthalmic devices
attempts to position the mold pieces automatically. These machines are rather complex.

The interlocking feature moves this complexity away from the machinery and into the

mold pieces. The resulting mold pieces are then used to fabricate ophthalmic devices
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the forward-facing portion of the ophthalmc |ens. The perineter 310
of concave nold surface 306 is sized to receive convex nold surface
316 of basecurve nold 304. Frontcurve nold 302 further includes a
pl anar top surface 312 that is contiguous with perineter 310. A first
ring 314 circunscri bes concave nold surface 306 and extends fromthe
top-side of planar top surface 312 and above perineter 310. In one
enbodi nent, the ring is a continuous ring. The ring is precision
manuf actured with respect to the knife edge of the frontcurve nold
302. First ring 314 provides the first half of an interl ocking
feature described in further detail below. This interlogking feature
hel ps mi ni it é? T EEgeary ?fgfe&ﬁta apq o RYye ¢St e erlixy BaRF DRt R 1306
and convex nold surface 316. [00025] Basecurve nol d 304 incl| udes
convex nol #iesiperad elislogking feapre pravided g thsapterlenkingrcatte SRR ni ¢
| ens that contacts an _eye. The perineter 320 of convex nold surface
316 is si zestpblighepin yickipl)e ayl jomrogensqussiaghdonywel Hat there Blgtioymairtios SeRp| v
300 is formed with the adjacent planar region 330 contiguous with
peri net er @E@Ephthplmie devicstteyths 185t concave nol d surface 306 and convex
nmol d surface 316 are different such that, when basecurve nold 304 is
di sposed ol0027nt cur Referongito3BES. 4t addAB, d@aadivs afftletwedinghisshovdef i nes
vol ume 328. The shape of vol une 328 determ nes certain physical
par amet er sFIgF. 4Aklepiceshd top affropdvrteahoti 802 sheowingRalsrsicradived (oif thed ol ring
i ncludes a second ring 324 which, in one enbodiment, is a continuous
ring. The 3Hcdiid. 4B depidtsbaseogniesnah 3 Meshof aigtase@ad widivs 402 ohte secbnd t he
axis of the basecurve nold optical surface. The second ring 324
ci rcunscr i thes3Xhehido G, AB) id cauinfias e I3dd thenenimndimendsiof shomn} dne obot t om
surface 322 past the perineter 320. Second ring 324 provides the
second hal botlwbf thbengsit divided kitmgplusdityurfeegnidGGepad Sediey spachl hethy used
in the manufacturing of ophthalmc devices attenpts to position the
nol d pi eceambudirnenntiéptatd . FIGhies end T GhdBiake firseradiat HEr oftlonfiktaing 3THés
interlocking feature noves this conplexity away fromthe machi nery
and i nto t4eallbthan {hie @&e8d ralilve 4026fthd sedehditlgdB2p méidhcaasee the: g ridg 8t t O
fabricate ophthal m ¢ devices

to be inside the second ring 324 when the casting cup assembly 300 is assembled. See

FIG. 4C. As shown in FIG. 4C, planar region 330 and planar tob surface 312 are
vertically stacked when casting cup assembly 300 is assembled. In another embodiment,
not shown, the first radius 400 is larger than the second radius 402 and the second ring
324 is inside of the first ring 314 when the casting cup assembly 300 is assembled. In
either embodiment, this difference in radii permits the two rings to contact each other
along their edges to establish the interlocking feature. See FIG. 5A and 5B. This
interlocking feature minimizes the eccentricity between concave mold surface 306 and
convex mold surface 316 thereby reducing edge defects in the resulting ophthalmic

device.
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with a lower frequency of defects and in a nore cost effective

manner. Due to the self-aligning and self-Tocking features provi ded
by the interlocking feature, stop 326 is established in a reliable
and honmobgeneous fashion such that there is little variation from one
ophthal m c device to the next. [00027] Referring to FIGS. 4A and 4B,
the radius of the two rings is showmn. FIG 4A depicts the top of
frontcurve nold 302 showing a first radius 400 of the first ring 314.
FI G 4B depicts basecurve nold 304 showi ng a second radius 402 of the
second ring 324 which, in FIG 4B, is continuous. In another

enbodi nent, not shown, one or both of the rings is divided into a
plurality 90028 gment IGethfenidtansreaplpeanbodimanhwhersifidine At iaphior ed
in FIG 1A and FIG_ 4B, the first radius 400 of the first ring 314 is
smal | er t hggenddinesidd o Riast riga Bl haspdirgfedghid4dat drpgnfigured @auptoite s
causes the first ring 314 to be inside the second ring 324 when the
casting cupscasisdanQrl doip seeondsing bt el theSmemplagy enodingent sfHIEnSArthé| G
4C, planar region 330 and planar top surface 312 are vertically

st acked whiennigussaficah ringfe.astermitiiss 1300sdcenduingsi?) duts notreoataditherther
enbodi nent, not shown, the first radius 400 is larger than the second
radi us 402izpesuppertispsontirg (erpgpld®s tipssuifasi3d8) aid dobsendt fimstiordsngtopl4
when the casting cup assenbly 300 is assenbled. In either enbodinent,
t hi s di f f elnd@eSA,rhe tagininuspd 2 wif sesonduing 309 is spagsl from the plaaattopacfacot her
along their edges to establish the interlocking feature. See FIG 5A
and 5B. Thilg of ttedronwokiemgpld 82t by egamiSA6.nLikesist, hie: texmaant Y14 of fivst Heg ween
concave nold surface 306 and convex nold surface 316 thereby reducing
edge def eclld is spatdddranesid planirgegiph s 30ad fthechask@wive @nold A0 284ap 1565, Bife
depicts an exenplary enbodi mrent where first ring 314 is within second
ring 324. dhtingtof fitshedgd 504 habsesorkdicdgd 5dgEnHD4nttH@tnde Fit § 8 bdrgebnakkst O
mate with a second edge 502 of the second ring 324. In the exenplary
enmbodi menttwofedgds @hidhArevehite dt-@émErmigof 0bnceathold sithck @0@andic@hvExHktsid 512

of second ring 324) does not contact the other ring's supporting

struct ure suffadd-31p) BiHe eln®pdisiehi B Eirs? Hidy 3 PNchddRERcHAridgBRE hhRR as a
stop. In FIG 5A the term nus 512 of second ring 324 is spaced from

the pl anarcytigicslbhhmCacistha: Mkt ddBesi4 R LeehY 8igeBbH 2302y, &hasRveRb-
Li kew se, the term nus 514 of first ring 314 1s spaced fromthe

pl anar regi@& rg%(ﬁo(ﬁ{ fuh&PnRRSE & YioY %nd@s?xﬁfgq{'}e R¥p 648 Bropdiy esIalBﬁngﬁéélgg

of first edge 4 and second edge 502 fornms an interference fit
bet ween t hgsgifcWapge£dges which prevents de-centering of concave nol d
surface 306 and convex nold surface 316. In one enbodi ment, the first

ring 314 apghabpe SeCWHinE%BQz@%éggﬁM?eﬁab%‘ﬂe:dl’ﬁﬂ? L&%cﬁ?ﬂ%eﬁﬁéﬁf‘th&hat

first edge 504 and second edge are paralle I'S prevents either

ring fromfunciiomn ifhizeh Btn L. rh@ﬂuﬁge . erly
est abl i shed at Jﬁe*ﬁ%F?Emeéﬁk. ngg%g?%ﬁén sto '5@%&?§%§$%E%¥F§&P
establ i shegdy 3 HH 9B AafimiR d0SLAAEE by fGhing the interference fit 518. Gap 506
minimizes tilting. Should one of the mold pieces begin to tilt, the gap 506 (on one side of
the mold piece or the other) will contact planar top surface 312 and bottom out. The tilt,

therefore, cannot exceed the gap 506. By precision manufacturing the mold pieces, the

magnitude of the gap 506 can be controlled which, in turn, controls the amount of tilt that
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interlocking feature mnimzes both de-centering and tilting. The
parallel first edge 504 and second edge 502 m nim ze de-centering by
formng the interference fit 518. Gap 506 mnim zes tilting. Shoul d
one of the nold pieces beginto tilt, the gap 506 (on one side of the
nol d piece or the other) will contact planar top surface 312 and
bottomout. The tilt, therefore, cannot exceed the gap 506. By

preci sion manufacturing the nold pieces, the magni tude of the gap 506
can be controlled which, in turn, controls the anount of tilt that

is permtted. In one enbodi nent, gap 506 is |l ess than 6.5 m crons.

00030] Li kew se n stop 326.i s rly established and vol une 328
S et nea Gt B PpE Rttt e Pa B s Y PP Bhe (o i mi i 26 {he
use of exc eactiqn, m.xture th i.s squeezed..Qut o ol une .328.

S rce e BBPle S o5 TN Mh e tiRs SrRirE SRR rel B 157
reaction m xture nma bﬁ' sgd. Al excess reaction mxture forns, a
i u xﬂﬁ u Sine %p X i X

thin fil m gfingkdesie iaSA PPIZNILS PRS LIRS, the BRI SECRIFPHipn

post - pol yneri zati on processing. hi contrast, many prior art

t echni ques™R4Ye that §srnseessinut 9f velee 8¢ suee Hsyshste %F%%elk%&a% és

ext ensi ve post-polynerjization processing to renpve. [00031]FI G 5B
depicts a @@@@ﬁﬂﬂ@f@é#ﬁhﬁ&ewf BRSNS TEC mhks used.j ARY CXSER§ ECastin Bixdre
second edge 502 have been nodified to provide matching first and
second gr ofvasa thinfiknef expeseEioReAer vdtchap eubsemently regpvedidygngnost-has
first grooves 508 and second ring 324 has second grooves 520. The

pr ot r usi onkelpAcnizqbor preesssipg. J8werirasp Bapppey agdgeshnigpesiiqec signitieandy ons on
t he second grooves 520 and provides a | ocking nechanismsimlar to a
rat chet. Suete cagesh mosrheroriidhgeduings ertenspie@ostchobymeritqtionpeocaisimgde of

| ocking positions. In FIG 5B, first grooves 508 and second groves
520 both imwglovele a plurality of tracks In other enbodinents, first
grooves 508 or second grooves 520 have a single protrusion that mate
with the cHPdHpondi FFGIDdepicts Decotveexepplesi engpodimegt, whiae (gstedgeed4nay
be fornmed by, for exanple, increasing the feed-rate on the |athe that
forns t he melspantiiedg 18lhdve been modified to provide matching first and second grooves.

In the embodiment of FIG. 5B, first ring 314 has first grooves 508 and second ring 324
has second grooves 520. The protrusions on the first grooves 508 moves against the
protrusions on the second grooves 520 and provides a locking mechanism similar to a
ratchet. Such an interlocking feature provides a finite number of locking positions. In
FIG. 5B, first grooves 508 and second groves 520 both include a plurality of tracks In
other embodiments, first grooves 508 or second grooves 520 have a single protrusion that
mate with the corresponding grooves on the opposing ring. The grooves may be formed
by, for example, increasing the feed-rate on the lathe that forms the respective mold.

This permits a small pitch to be formed.

[00032] By providing an interlocking feature that circumscribes the concave
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This permits a small pitch to be fornmed. [00032] By providing an

interiocking feature that circunscri bes the concave nold surface 306
and the convex nold surface 316 the eccentricity between these
surfaces can be mnimzed. The edge defects that are associated with
such eccentricity is therefore reduced. In one enbodi nent, the
eccentricity is less than about thirty mcrons. In another

enbodi nent, the eccentricity is |less than about fifteen mcrons. In
yet anot her enbodi nent, the eccentricity is |less than about five

m crons. Additionally, the interlocking feature also prevents tilting
by maintaining the frontcurve nold 302 and the basecurve nold 304 in
a par al | el ™gidiser{cs306 Andihe epnvex mokesurfaeed] 6 dhe egesnisicity betwiserthese

enbodi nent, the two nolds are parallel wthin about ten degrees. hi
anot her enB®arsream be mpemizad Tisicdse dafectyyhatard associgtadnyith saploercertiisity is
degrees. In another enbodinent, the two nolds are parallel wthin
about t hr etberglogg wduced| n qpsembpdinieet the strsdirinienis less Han abwt thidtdwicsme.
parallel wthin about one degree. [00033]FIG 6 is a profile view of
a secti on bfanptheranthedimenhdiec@dricity s lessnioinatied fideercmiceonsp Indyes anotlsc e
606 with perimeter 610. A top planar surface 612 is al so shown that
has a fi r sembadimeng i esbenrimiycis ldss thgn elomt Bvemivoingd  Addifiaedly 866 t hat
extends from planar top surface 612 and above perineter 610.

Fr ont cur v eintedbcki@DRatfingratsh @revemnphing &g nairsawiog the dontcinve awdd 302ngd &R0
that functions as a barrier to contain the reaction m xture di sposed
Wi t hi n consascervemiadd 304 ihaperalflGriekthdon whieh hakeauduces dadcd. iBommt ed to
frontcurve nmold 302, the volune of the reaction mxture is restricted
and exces senfHodintbni, sheppve sistdl aagparaiid witkia abelit coardegReO Us alidtig 600. The
presence of second continuous ring 600 helps control the formation of
ri ng def ecdnshotlimeint) ¢hertes utdldsiige gxpdlichatthin @b fise Popréc@Sindnetheon the fl ow
of the reaction m xture. In one enbodi nent, second continuous ring
600 abuts embodiment, the two molds are parallel within about three degrees. In yet another

embodiment, the two molds are parallel within about one degree.

[00033] FIG. 6 is a profile view of a section of frontcurve mold 602 that includes
concave mold surface 606 with perimeter 610. A top planar surface 612 is also shown
that has a first ring 614 circumscribing concave mold surface 606 that extends from
planar top surface 612 and above perimeter 610. Frontcurve mold 602 further comprises
a second continuous ring 600 that functions as a barrier to contain the reaction mixture
disposed within concave mold surface 606. When the basecurve mold is mated to
frontcurve mold 302, the volume of the reaction mixture is restricted and excess fluid is
pressed against second continuous ring 600. The presence of second continuous ring 600
helps control the formation of ring defects in the resulting ophthalmic lens by restriction

the flow of the reaction mixture. In one embodiment, second continuous ring 600 abuts a
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surface of the correspondi ng basecurve nold that has been nodified to
permt second continuous ring 600 to adhere to the basecurve nol d.
This surface may be nodified (e.g. rings, surface roughening, surface
energy nodification, etc) to cause the second continuous ring 600 to
stick to the bsaecurve nold at denold. [00034]FIG 7 is a profile

vi ew of another exenplary assenbly. Basecurve nold 704 of FIG 7

i ncludes a textured surface 700 di sposed between the perineter 720 of
convex mold surface 716 and the bottom surface 722, from which second
ring 724 extends. Textured surface 700 is joined to bottom surface

722 b tical 70 ich ' 405, f first.ri
714 b ¥ GSTHES oI TSR ot A H P oot B PR b ubideRie, "

whi ch pronotes t he adhesi on of | ymeri ze erial. Textur rface
700°1 s ver gty iaf ARG o B el R s o T s may B P ERed e
provi des a.snooth surface that pronotes.ihe rel ease of pol rized
Tater i al Vi VHECSBUERDS S FREET SORIERPTa 1 REST ESTCEl Ve and
basecurve nol ds are separated, the exces ol ric ring tends to
adher e to FORENYOYR iR BY 1€ §Hskip dhespreug “t?id g‘é]ﬁ glgt ed fromthe cured
ophthalmc |l ens. The renpval of the ring of excess polyner by its
adhesi on t 89934t ur ed Gt lae@rof@%)v1ﬁ‘@|05§m%aﬁfﬁré@1w ATSHOlY. Bagsclrve
occurrence of edge defects. [00035] The nolds may be forned by, for
exanpl e, preldi78f 6RFIGa Arcgics %@ﬁﬁ‘rﬁ‘}jé@a@d@ﬂ d&sosagf BRI thoPstmeisi/dP ng.

I n one enbodi ment, the rings of the interlocking feature are forned
by di amondefisenysxopald piriege 710 and dhedwttamisariader(g2.froapwhich gecopdingrtids ar e
not renoved fromthe |athe during the process) as the formation of

t he opti catxtends.f Bexdred surfes WBnviexed frbatomcaiece 78R &y serfitad eraser 708 s
ensures accurate concentricity of the locking feature with respect
to the axiwhighprogidehwspoeral05gbitret rofz 11A o yesidpebaxiwred ek Kimiarddes al n
one enbodi nent, the optical surface of the nold piece, as well as the
associ at e lnigngutfdvakreh gihinh praveotéstheadhost oftpolimzrigedmatania. Botthred

preci sion manufactured in a single pass. For exanple, a single pass
Wit h a | atdurfaes/7000s vartiatl stadked efpivicdert planar fatiec alid whith pravides h sokothg
feature. [00036] Wil e the invention has been described with reference
t 0 cert ai nsurface that promotes the release of polymerized material. When the reaction mixture is

cured and the frontcurve and basecurve molds are separated, the excess polymeric ring
tends to adhere to the textured surface 700 and be separated from the cured ophthalmic
lens. The removal of the ring of excess polymer by its adhesion to textured surface 700
helps further minimize the occurrence of edge defects.

[00035] The molds may be formed by, for example, precision lathing techniques
such as diamond-point turning. In one embodiment, the rings of the interlocking feature
are formed by diamond-point-turning in the same tooling step (i.e. the molds are not
removed from the lathe during the process) as the formation of the optical surface of the

convex and concave mold surfaces. This ensures accurate concentricity of the locking
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~enbodi nents, it will be understood by those skilled in the art that

vari ous changes may be made and equi val ents may be substituted for
el ements thereof to adapt to particular situations w thout departing
fromthe scope of the disclosure. Therefore, it is intended that the
clainms not be limted to the particul ar enbodi nents discl osed, but
that the clains will include all enbodinents falling within the scope
and spirit of the appended clains. What is clainmed is: 1. A casting
cup assenbly for form ng an ophthal m c device, the assenbly
conprising: a frontcurve nold conprising: a concave nold surface on a
top-side of the frontcurve npld, the concave nold surface having a
peri met er (eAHEEe Yith regpepidn sddispd omhngorad Rlangelohererective mold surfage op
surface; a first ring circunscribing the concave nold surface and
ext endi ng EsHbedimept s optigabprriage ‘Pfég%mah‘d)l%W aveil geths @psopiateaing thahe
pl anar top surface being within the first ring; a basecurve nold
conpr i si ngformas b infeslecking Gasim, predethomecisippomennfacsiregein gfsingleeatradior ur ve
nol d, the convex

example, a single pass with a lath may form both the optical surface and the interlocking

feature.

[00036] While the invention has been described with reference to certain
embodiments, it will be understood by those skilled in the art that various changes may
be made and equivalents may be substituted for elements thereof to adapt to particular
situations without 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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nol d surface having a perineter that is surrounded by a bottom
surface; a second ring circunscribing the convex nold surface and
extending fromthe bottom surface and past the perineter; wherein the
first ring has a first radius and the second ring has a second
radius, the first and second radii being different and configured to
mate such that a first edge of the first ring contacts a second edge
of the second ring when the basecurve nold is disposed on the
frontcurve nold. 2. The assenbly as recited in claiml, wherein the
concave nmold surface and convex nold surface have different
curvatures“ﬁ%fpcﬁpqgigmhen t he basecurve nold is disposed on the
frontcurve d glgtdp is defined by a point-of-contact between the
concave nold surface and convex nold surface thereby establishing a
vol ume bet iveen 4 hasttgncay esyeoibly dor ffavdngnad eiwhabxic nddvites uhd assmby.
The assenbly as rg i.ted in claim2, wherein the second ring has a

term nus that f?nlpgc%d fromthe top planar surface by a first gap

when t he basecurfventevtednold cordprigigsed on the frontcurve nold and the

stop have established the | u bet ween. t h opcave nol rface and
convex ol o sor f akaoye wet pltiEs BF "R Nk oF A RERUGy S Piste, Y pRReS
the bottom surface whvdd swlice bavigs at feginfeer itk ie surdiindddebyG and exntignbih

surface includes a gyﬁnan re ionH.the pl anar regi on being between the
perimeter and the s&¢OntP NP surace

a first ring circumscribing the concave mold surface and extending from the
planar top surface and above the perimeter, the planar top surface being
within the first ring;

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 ring circumscribing the convex mold surface and extending from the
bottom surface and past the perimeter;

wherein the first ring has a first radius and the second ring has a second radius,

the first and second radii being different and configured to mate such that a

first edge of the first ring contacts a second edge of the second ring when the

basecurve mold is disposed on the frontcurve mold.

2. 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.

3. The assembly as recited in claim 2, wherein the second ring has a terminus that is

spaced from the top planar surface by a first gap when the basecurve mold is
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5. The assenbly as recited in claim4, wherein the first ring has a

termnus that s spaced fromthe planar region by a second gap when

t he basecurve nold is disposed on the frontcurve nold and the stop
have established the vol une between the concave nold surface and
convex nmold surface. 6. The assenbly as recited in claim3, wherein
the first gap is less than 6.5 mcrons. 7. The assenbly as recited in
claimb5, wherein the second gap is less than 6.5 mcrons. 8. The
assenbly as recited in claiml1, wherein the first edge of the first
ring includes a plurality of ridges and the second edge of the second
ring includes at |east one protrusion that mates with at | east one of
the ridges wherfifprEedpen dhay frovicurse dngld anfsthesip bayet ¢stablished tthe vplume
mol d. 9The ass%aén%ce&%éﬁqld'sﬁrf&éeadh@t&w%m%rd%gaéehe second edge of
the second ring includes a plurality of ridges and the first edge of
the first ring includes at | east one protrusion that mates with at

| east one bf t HESPEHBY afiwed Meclaitde eiliespe thobettonssugheqibatetinemds e
frontcurve mol Gerid@ied BEHASHRAP lrﬂbl@ﬁufa@&int:ﬁées‘ dpisheRirPick, i Ralohe

first edge and second edge are parallel. _
being between the perimeter and the second ring.
5. The assembly as recited in claim 4, wherein the first ring has a terminus that is
spaced from the planar region by a second gap when the basecurve mold is

disposed on the frontcurve mold and the stop have established the volume

between the concave mold surface and convex mold surface.

6. The assembly as recited in claim 3, wherein the first gap is less than 6.5 microns.

7. The assembly as recited in claim 5, wherein the second gap is less than 6.5
microns.

8. The assembly as recited in claim 1, wherein the first edge of the first ring

includes a plurality of ridges and the second edge of the second ring includes at
least one protrusion that mates with at least one of the ridges when the basecurve

mold is disposed on the frontcurve mold.

9 The assembly as recited in claim 1, wherein the second edge of the second ring
includes a plurality of ridges and the first edge of the first ring includes at least
one protrusion that mates with at least one of the ridges when the basecurve mold

is disposed on the frontcurve mold.

10.  The assembly as recited in claim 1, wherein the first edge and second edge are

parallel.
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11. The assenbly as recited in claim11, wherein the first edge of the
first ring and the second edge of the second ring form an
interference fit when the basecurve nold is disposed on the
frontcurve nold. 12. The assenbly as recited in claiml, wherein the
frontcurve nold further conprises a second continuous ring

ci rcunscri bing the concave nold surface and extending fromthe pl anar
top surface and above the perineter, the second continuous ring being
within the first ring. 13. The assenbly as recited in claim 2,
wherein the first radius of the first ring and the second radius of

t he second,rin have eccen ity of thirt 0 ess

the basecud be SprdTeall STECRY itk ettt o o bl e

has establi sheclseechﬁ e\dQé oiifBe hRbMBERy fohe af GG RY@cED dfhsluﬂj‘em&cmelmold
convex nol d surf ggpassenb as recited in claim2, wherein
the first radi u§ 6?“? Enﬂ? CPVEGO4hd t he second radius of the
second ring have a eccentricity of fifteen mcrons or |ess when the
basecurve mnl d Tig disepblyess edtittdanf ¢lgint Qurwlerdﬁnltlcb dindictifve mblrdpﬁhmr
est abl i shed the vol une between.the concave urface pnvex,
nmol d surface. 1%57PPRE aé%%"é’ﬁ%l"?z‘“’é‘&“sr%‘b% Ct“éﬂmf' ‘?ﬁc’?“" F‘H’ e ard

first radius ofextd@inkifisih thé ;p@nambpt hlefase@ﬁ@dabmduusp@ﬁne&é}g tleee sRal
ring have a eccentricity of fiyv g}crons or | ess when the basecurve
mol d is di spose@PBIFOPHEDS Pee w0 defBitdingnd t he stop has establi shed

t he vol ume between the concave nold surface and convex nold surface.
16. The ass®nbl Pheasschitly aseﬁcﬁeﬂ mlcwquZ whefesy thé first Relidsr cfnhe fifsv ngraddd

and basecurve ld a Eara%%_ hln five deﬂ%fes ﬁ@lless when, t he
basecurve nol d %S%P%dgfa ¥y o' 9h S‘f"ﬁ‘B FPHARVE AP FECCHBIHY ShtirpHRIcEms B 165
eslt gbl l s][led t hewh/eial tlﬁé@as@@irﬁiliﬁld iaehsp@ma)\éﬁ&hmbflic@ué @0E ardNthe @%\ﬁ%
no surf ace. The assenbly as recited in c m rein the
frontcurve nol cFSQH]thB%lé}éec yPlpwe hehEeey rthe [5aRcary g %VI F‘%"fcﬁ SRR BRldyy
| ess when the bagegurve nold is disposed on the frontcurve nol d and
the stop has established the vol une between the concave nold surface
and convex é[m | dl‘ %uarsge%%?y as recited in claim 2, wherein the first radius of the first ring and
the second radivs of the second ring have a eccentricity of fifteen microns or less
when the basecurve mold is disposed on the frontcurve mold and the stop has
established the volume between the concave mold surface and convex mold

surface.

15.  The assembly as recited in claim 2, wherein the first radius of the first ring and
the second radius of the second ring have a eccentricity of five microns or less
when the basecurve mold is disposed on the frontcurve mold and the stop has
established the volume between the concave mold surface and convex mold

surface.

16.  The assembly as recited in claim 2, wherein the frontcurve mold and basecurve

mold are parallel within five degrees or less when the basecurve mold is disposed
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18. A casting cup assenbly for form ng an ophthal m c device, the

assenbly conmprising: a frontcurve nol d conprising: a concave nold
surface on a top-side of the frontcurve nold, the concave nold
surface having a perineter that is surrounded by, and conti guous
with, a planar top surface; a first ring circunscribing the concave
nol d surface and extending fromthe planar top surface and above the
perineter, the planar top surface being within the first ring; a
basecurve nold conprising: a convex nold surface on a bottomside of
t he basecurve nold, the convex nold surface having a perineter that

i s surrounded by a bottom surface, the bottom surface including a
t ext ured surfac® ®ediagusEsmydtanddbnver heplcatablishedhths wolng betweemn thehe

base and the sqgﬂgqeﬁknghdgw%ggg&gmfBﬁghghﬁ&ynscribing t he convex
nol d surface and extending fromthe bottom surface and past the

perimeter; wherein the first ring has a first radius and the second
ring has al’secod apssgiolisas wesitedfin claym 2nrhersindhel frentgerve midhapddhiasscarvent

and configured $Qd Hﬁﬁﬁra?l@p\piﬂ{iﬁ'%ﬁe @eggéerq?tlesgqg@n afe aliudvt bRAd fsicfri%fascfdi <

contacts a second edge of the second ring when the basecurve
di sposed on t henf thg droatepiye MY nd the stop has established the volume between the

concave mold surface and convex mold surface.

18. A casting cup assembly for forming an ophthalmic device, the assembly
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 planar top surface;

a first ring circumscribing the concave mold surface and extending from the
planar top surface and above the perimeter, the planar top surface being
within the first ring;

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,
the bottom surface including a textured surface contignous with convex
mold surface and between the base and the second ring;

a second ring circumscribing the convex mold surface and extending from the
bottom surface and past the perimeter;

wherein the first ring has a first radius and the second ring has a second radius,

the first and second radii being different and configured to mate such that a

first edge of the first ring contacts a second edge of the second ring when the

basecurve mold is disposed on the frontcurve mold.
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19. A nmethod for formng a casting cup assenbly conprising the steps
of : precision lathing a frontcurve nold wth a lathe, the frontcurve
nol d conprising a concave nold surface on a top-side of the
frontcurve nold, the concave nold surface having a curved surface
that is surrounded by, and contiguous with, a planar top surface;
precision lathing a first ring in the frontcurve nold during the step
of precision lathing the frontcurve nold such that the first ring
circunscri bes the concave nold surface and extends fromthe planar
top surface and above the curved surface, the planar top surface

??Bﬂ?cm E/QI ﬁot QE ’ roﬁ tlg'fngﬁg \é?glgé %p:?gseﬁ‘%i?'e‘%ﬂpgflhg%épeg? 8Pper f or med

Wi t hout renovi ngedidién fam{gtacmsﬁt@r&erxﬁauhhm al1@thd) @he fRFnRRInG 1961d kadhprisng 2
basecurve nol d conprisin% onvex nnlg gﬁ f ce on a ﬁgtton}3|de ﬁf
g ¢

t he basecurve nol B0PCR¥FEM 3ce 7B 1A doRs Bl SWF‘HQG mofsh, e copcve mo

surrounded by a belrf:eemsuid 268veddehady BA1iS LRRduhdidbyNghdcofREOAEwith Y
in the basecurve npld during the step of precision |athing the

basecurve nol d sublnarier sufaes; second ring C|rcunscr|bes the convex

mol d surface aqqe&g%@aqﬁnga@i@t%yg i et RIS A68 AR prlasdh
the textured surface being within the second ring ereln the step

of lathing the bak#tus e ﬁmcarvampld ﬁ@héllaéﬂle(ﬁrs‘?lra‘{grﬁlrﬁ@nﬁqﬂéess‘ééﬁwa‘fq ng
are performed withap s&ﬁ@Xd&‘&tén'&? HBASHE Efaﬁé‘r tp Qﬁ?fatcg%nh CTRTS th@Qurvé'Ehe

method as recited 1n claim19, wherein e steps of precision lath
the frontcurve rmmfaamhq)ple@arécbmrﬂa@q bﬂlrrgthﬂn@ thfe| fersitring, wlerginghe step of

performed by di anﬁﬂgngot(ﬁb Rtk B@i1d and the step of lathing the first ring are performed

without removing the frontcurve from the lathe;

precision lathing a basecurve mold comprising a convex mold surface on a
bottom-side of the basecurve mold, the convex mold surface having a base
that is surrounded by a bottom surface; and

precision lathing a second ring in the basecurve mold during the step of precision
lathing the basecurve mold such that the second ring circumscribes the convex
mold surface and extends from the bottom surface and past the base, the
textured surface being within the second ring, wherein the step of lathing the
basecurve mold and the step of lathing the second ring are performed without

removing the basecurve from the lathe.

20.  The method as recited in claim 19, wherein the steps of precision lathing the
frontcurve mold and precision lathing the first ring are performed by diamond-

point turning.
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