MOLDS FOR USE | N CONTACT LENS PRODUCTI ON Field of the

I nvention The invention relates to nolds useful in the
wororicaci4sir e of contact |enses. In particul ar, PCIAIS2006/046754

nol ds of the invention provide for the production of

| enses with seanl ess edges. Background of the

I nvention Met hods and nol ds useful in the manufacture

of contact |enses are well known. For exanple, in

United States Patent No. 5,5401410, incorporated

herein in its entirety by reference, are disclosed

nol ds and their use in contact |ens manufacture.

However, t hBOEDSVEFOREUSEM CONaAC THLENS\PRODYGETUON n

that they do not permt production of |ens edges

s t hout seans. By "seamfidlg ofBRMhvektibhne or
demarcation fornmed by excess lens material. Referrin

to the dhadvegton rolatey tgun@dauseﬁulum fgsnamatasgurg of p@g@ctgwses
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presence o seams IS vant ageoUs
|hsé£ﬁksd@@g§ean1nay contact the conjunctiva and cause
surface roughness, disconfort, or both. Additionally,
known | ens nol ds are di sadvantageous in that they

germt novenent of ong agﬁgﬁmqkmxgﬁ_aﬂﬂgld assenbly in
i

relation to the other S novenent results
i n t he Metbodsdge nsfidqpeseiid iy thegndmifacture of somdact ddnseéhare well
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opposite SI de of the same | ens shown Figure 2b. Bri ef
mmfncum Hﬁwcm, the kopwig denF n@ldslarg disa advsintsgeousin that they do

157 DL yRRljaf bF Ryt ks S BuERRNR B T o et e or
| edsmactgowformed by kcess s afatedial. EREferring to the drawings, in Figure 1
| is illustrated a close-up cross-sectional side view of lens edge 10 that has a seam 11.
The presence of such seams is disadvantageous in that the seam may contact the
conjunctiva and cause surface roughness, discomfort, or both. Additionally, known
20 lens molds are disadvantageous in that‘ they permit movement of one mold half of a
| mold assembly in relation to the other mold half. This movement results in the lens
edge shape varying from one side of the lens to the other. For example, as shown in
Figure 2a is one lens edge of one side of a lens and has a different shape than that of

the lens edge of the opposite side of the same lens shown Figure 2b.

25
Brief Description of the Drawings
FIG. 1 is a close-up, cross-sectional side view of a seamed lens edge.
FIG. 2a is a close-up, cross-sectional side view of a first lens edge of a first
side of a lens.
30 FIG. 2b is a close-up, cross-sectional side view of a second lens edge of a

second side of the lens of Figure 2.
Figure 3 is a top elevational view of a front mold half of a mold of the

invention.



FIG 2b is a close-up, cross-sectional side view of a
second | ens edge of a second side of the | ens of

weoeionrroe0ds Figure 3 is a top el evational view BETAS2006/046754
front nold half of a nold of the invention.FIG 3a is
a cross-sectional view of the nold half of FIG 3
along I-1. Figure 4 is a top elevational view of a
back nold half of a nold of the invention. FIG 4a is
a cross-sectional view of the #old half of FIG 4
along HI1l. FIG 5 is a close-up, cross sectional view
of a nold assenbly that is the front nold half of FIG
3 fitted with the back nold half of Figure 4. FIG b5a
i s a cl dd6-: Bpis anossestanil vowl of themolif hatfofdieas afong id.

nmold of FIG 5. FI and_ 6 re cl ose-up,
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I nvention and Preferred Enbodi ments The nol ds of the
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It is a discovery of the invention that these results

can be iHGwhi st dloseriw, prosusectipmd didyw opsroareapinge aold pHFIG. 5.
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one enb merit nven provi
pr edibotlinnt of a aotdof the invieén. conpri si ng, consi sting
essentially of, and consisting of a front curve nold

hal f and back curve no in_.ea f the
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Ref erri nhetrRolfl SiUthS%V%nuéﬁperﬁiﬂcfoﬁﬁan(fnrd?'&tcoﬂﬁl:ﬂeﬁ@ﬁafvm a
102 is shown with convex surface 113 spaced gener al Iy

15pasedrniess edgd. Asditionally mald helf wwvementds decr¢aBed indthamolds of the

invention resulting in the production of lenses with reduced edge variation. It is a
discovery of the invention that these results can be in which there is attained by

providing a mold with a shoulder stop and a seam-matching feature.

20 In one embodiment, the invention provides a mold for production of a
contact lens comprising, consisting essentially of, and consisting of a front curve
mold half and a back curve mold half wherein each of the mold halves has a

shoulder stop and a conical seam.

25 Referring to Figures 3, 3a, and 5a, front mold half 102 is shown with convex
surface 113 spaced generally parallel and apart from concave surface 110 and an
essentially uniplanar annular flange 106. Flange 106 is integral with guidewall 125
and extends fadially outwardly from the surfaces 110 and 113 in a plane normal, or
perpendicular, té the axis of symmetry of the concave surface 110. The front mold

30 conical seam 112 is continuous with shoulder 114, which surface is continuous with
guidewall 125. Concave surface 110 has the dimensions of the front curve of the

unswelled lens to be cast in the mold and is sufficiently smooth so that the contact



essential ly uni planar annul ar flange 106. Fl ange 106

is integral with guidewall 125 and extends radially
wouaborarai4y fromthe surfaces 110 and 113 in a pCams2006/046754

normal, or perpendicular, to the axis of symetry of

t he concave surface 110. The front nold conical seam

112 is continuous W th shoul der 114, which surface is

conti nuous with guidewall 125. Concave surface 110 has

the di nensions of the front cuPve of the unswell ed

lens to be cast in the nold and is sufficiently snooth
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As shown on Figures 4, 4a, and 5a, back nold half 103
has spaced surfaces 109 and 115 and an essentially
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illustrated various views of the two, conplenentary
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ég??tﬁgéﬁg@gé‘ﬁg‘}gﬂform a nold. The front nold half 102

curved section with an optical
quality ‘

20 In Figures 5 and 5a are illustrated various views of the two, complementary
mold halves, front mold half 102 and back mold half 103, assembled to form 4a mold.
The front mold half 102 defines a central, curved section with an optical quality
concave surface 110. Concave surface 110 has a circumferential, well-defined edge
111 extending therearound. As shown in Figure 5a, the circular edge 111, in

25 conjunction with back surface circumferential edge 120, forms a well defined and
uniform plastic radius parting line for the subsequently molded contact lens. Edge
111 typically has a curvature ranging from about 3 to 45 micrometers or less,
preferably about 5 to about 30 micrometers, and the surfaces defining the edge may
form an angle in the range of about 75 to about 90 deg.

30



concave surface 110. Concave surface 110 has a

circunferential, well-defined edge 111 extendi ng
woher@asxasnd. As shown in Figure 5a, the circubPar/usg®e/046754

111, in conjunction with back surface circunferential

edge 120, forns a well defined and uniform plastic

radius parting line for the subsequently nol ded

contact lens. Edge 111 typically has a curvature

rangi ng from about 3 to 45 nicfonmeters or |ess,

preferably about 5 to about 30 mcroneters, and t he

surface i Nk Ng: e e e | h
ango. orsSiokR i Bieh e IR 5 B TAALERALE cllodiDBpwaraly
5afronoc1tdutun edge W I fowardiskexiden 0114113 foomt vedd kaltpovasdlsyam 112,
fr {cul ar. _edge 111 toward fgﬂ@él der. 114 is front

nf¢3} eadokZfends gpavealy upwardly Hpmedgenl 11 ot anangiref about 75
SC u I'té/ £5Huy 84! t@é‘%@é@' olé leaﬁg A6rndat lor% JRBBk 8o %e AROM symmetry

75 to abou 5 degree ove nor mal ,
peoperndivadvaface { bO t Sleovdderd wﬁs (s)yltmmmswldf ambammde radially

face 110. Shoul d 4 t _
o PRy S PG it A RS AV Oy Eoahilder 1141
Expiaeivil 199 Va Rk al] r19%§t*éﬁ&§ 46 sdtadrS 104t SeuRde oﬁ@o%ut 45

GQuidewal | 125 extends from shoul der 114 at an angle
abdegreggo @bgrté%é’siegtﬁea boere :gantawprmek Oap@’pen(hclﬂmattethe ax1s of
or, r ul to the axis of synmetry of
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egre
conical seam 117. Back mold half guidewall 119 extends upwardly from shoulder

20 118 at angle of about 45 degrees to about 89 degrees.

The length of the conical seams 112 and 117 may be about 50u to about
500u. The conical seams 117 and 112 serve to minimize side-to-side movement of
the mold halves. Additionally, when pressure is applied to back mold half 103 so

25  that it presses into front mold half 102, excess lens material will be forced from the
legs 'cavity in the direction of shoulders 114 and 118. One ordinarily skilled in the
art will recognize that the precise amount of pressure used will depend upon the
mold materials used, with higher modulus materials requiring the application of
more pressure than lower modulus materials. Preferably, the back mold half is

30 oversized in it diameter about 1y to about 100p, when compared to the front mold

half. This oversizing permits deflation of the front mold half as pressure is applied



The I ength of the conical seans 112 and 117 may be

about 50mto about 500m The conical seans 117 and 112
weenw@7¢as m ni m ze si de-to-side novenent of theCmmiSen06/046754

hal ves. Additionally, when pressure is applied to back

nold half 103 so that it presses into front nold half

102, excess lens material will be forced fromthe |ens

cavity in the direction of shoulders 114 and 118. One

ordinarily skilled in the art Wi ll recognize that the

preci se anount of pressure used will depend upon t he
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depi cte way I n he oversizing o
mold half in relation to the front nold half

s Lt R L AR
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defl ect the | ower ﬁ)ortl on of conical seam 112 of
f r dalvesrohferibe moldhalvespwaardaciéd; et shiovn iadiigho e, prnssure is

Fi %Bﬁl?edqg ‘theAbc'ack mold half serving to deflect the lower portion of conical seam
112 of the front mold half in an upward direction as shown in Figure 6b. As
.20  pressure continues to be applied onto the back mold half, back mold half

circomferential edge 120 is driven into the front mold half.

The mold halves of the invention may be used is useful in producing contact
lenses by polymerization of a polymerizable composition. Preferably, thevcontact
25  lenses produced using the mold assemblies formed from the mold halves of the
invention are unhydrated lenses that may be made ready to wear by hydrating, or
swelling, the lenses by any method known in the art. Front mold half 102 and back
mold half 103 may be formed of any suitable material including, without limitation,
glass or a thermoplastic polymer. Preferably, the molds are formed from a material

30 that is sufficiently transparent to ultra-violet light to allow irradiation therethrough to



pressure continues to be applied onto the back nold
hal f, back nold half circunferential edge 120 is

wdnroorarodsst o the front nmold half. The nol d hal ves/ust006/046754
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the invention may be used is useful in producing
contact |enses by polynerization of a polynerizable
conmposi tion. Preferably, the contact |enses produced
usi ng the nold assenblies forned fromthe nold hal ves
of the invention are unhydratefl | enses that may be
made ready to wear by hydrating, or swelling, the

| enses by any nethod known in the art. Front nold half
102 and back nold half 103 may be fornmed of any
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- In all embodiments, the front and the back mold halves are designed so as to
permit rapid transmission of heat therethrough and yet be rigid enough to withstand
the prying forces used to separate the mold halves during demolding. The mold of
the invention may be used in any method for the manufacture of contact lenses.
Generally, in the preferred method, a quantity of polymerizable composition is
placed onto the concave surface 110 of front mold half 102, preferably by injection.
Back mold half 103 with convex surface 109 facing toward front mold half 102
concave surface 110 is placed onto the polymerizable composition. Preferably, the
volume of the polymerizable composition used is greater than the volume of the

cavity formed by the two mold halves.

30 .



In all enbodinents, the front and the back nold hal ves

are designed so as to permt rapid transm ssion of
waeeai7/0768a8 et hr ough and yet be rigid enough to RCThsSt@ed4c754

the prying forces used to separate the nold hal ves

during denol ding. The nold of the invention may be

used in any nethod for the manufacture of contact

| enses. Cenerally, in the preferred nethod, a quantity

of pol ymerizabl e conposition i$ placed onto the

concave surface 110 of front nold half 102, preferably
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A nold for the production of a contact |ens,
conprising a front nold half and a back nold wherein
each of the nold halves conprises a shoulder and a




conical seam 2. A nold for the production of a

contact lens, conprising a front nold half and a back
woubai/oned48 wherein: the front nold half conpri BeE/U82006/046754

first article having a central curved section with a

concave surface, a convex surface and a circul ar

circunferential edge, the central section of the

concave surface suitable for inparting a curvature to

the front curve of a contact |éns; the first article

al so having an axis of symmetry about t he concave

surface, a first conical seam continuous with and

extending curvedly upwardly fromthe circular edge in

a pl ane Véhmud clZimddas:about - 85 degrees above a pl ane

normal to the concave surface axis of symetry, a

first shoul der continuous with and extending radially
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concave and convex surfaces in a plane normal to the

coﬁ8§9§'§ﬂpface axis; the back nold half conprises a

second article haV|ng a central curved section with a

concave surface and a convex surface, the central ,

sectionZof t Hemebhipe shesprpdustion ofih carshet 1¢rs; comprising mroat mold
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eachcyar edge if p plane ah@utﬁédk abmit 85 ldagreesabove a plane normal to the

concave surface axis of symmetry, a first shoulder continuous with and extending
radially outwardly from the first conical seam, and an annular flange integral with

20  and surrounding the first shoulder and extending radially outwardly from the

concave and convex surfaces in a plane normal to the concave surface axis;

the back mold half comprises a second article having a central curved section
with a concave surface and a convex surface, the central section of the convex
surface suitable for imparting a curvature to the back curve of a contact lens; and

25 the second article also having an axis of symmetry about the convex surface,

a circumferential edge surrounding the convex surface, a second conical seam
extending upwardly from the circumferential edge in a plane about 75 to about 85
degrees above the convex surface axis of symmetry, a second shoulder continuous
with and extending radially outwardly from the second conical seam, and an annular

30 flange integral with, surrounding and extending radially outwardly from the concave

and convex surfaces in a plane normal to the convex surface axis.



further conprises a guidewall extending upwardly from
the first and second shoul der, respectively, the
wqauidenedss for the front nold half extendi ng aPCams2006/046754

angl e of about 45 to 89 degrees above a plane nornma

to the concave surface axis of symetry and the

guidewal | for the back nold half extending at an angle

of about 45 to 89 degrees above a plane normal to the
convex surface axis of symretry. 4. The nol'd of claim

1, 2 or 3 mherein the front and back nold hal ves
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polypropylene or polystyrene.

15 6. The mold of claim 5, wherein one mold half comprises polystyrene

and the other mold half comprises polypropylene.

7. The mold of claim 5, wherein the front mold half is harder than the

back mold half.
20 |
8. The mold of claim 5, wherein the back mold half is harder than the
front mold half. ‘ ' |
o. A method for producing a contact lens comprising the steps of:
25 a.) providing a mold according to claim 1, 2 or 3;
b.) injecting a polymerizable composition into the mold; and

c.) polymerizing the polymerizable composition.

10.  The method of claim 9, further comprising the step of applying
30 pressure, simultaneously with step c.), to the first article annular flange, the second

article annular flange, or both.



