AXTS CONTROL TN TORTC CONTACT LENS PRODUCTTON Fi el d of

the I nvention The invention relates to nethods and
wappanaioses useful in the manufacture of contBCT/US2007/061210

| enses. In particular, the nethods and apparatuses of

the invention provide for the production of toric

| enses of differing cylinder correction with inproved

preci sion. Background of the Invention Toric contact

| enses are known for use in correcting the |ens

wearer's corneal or lenticular astigmatism Typically,

one surface of the lens, the non-toric surface, is

spherical and the second lens surface, the toric

surface incorporates cylinder gower al ong an axis of

between 0 and 180 in increnents of about 5 or 10 ~The

| ens' cylinder ﬁfmer must remai n_substanti al ned
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cylinder power must remain substantially aligned with the wearer’s axis of

10

astigmatism while the lens is on eye to provide good visual acuity. Thus, a toric lens
requires a stabilization feature, such as prism ballast, thick and thin zones, or the like

on one of the lens’ surfaces to maintain lens alignment on-eye.

In conventional toric contact lens manufacturing processes, one of the mold
halves forming the mold is angularly rotated in relation to the other mold half so that
the desired toric axis orientation to stabilization features is obtained when the lens
material is cured within the mold. However, this method is disadvantageous in that

25 one mold half is relatively unsecured and is free to shift away from the desired
position. Additionally, in processes in which one mold half is rotated, typically this
same mold half is used to produce a family of stock-keeping units (“SKUs”) of
lenses. Thus, the mold half cannot be optimized for any one of the SKUs, but must
be adjusted to achieve best performance throughout the range of SKUs produced

30 using thc mold half.



be adjusted to achi eve best performance throughout the
range of SKUs produced using the nold half.Brief
wemciop@rs on of the Drawings Figure | a is a tPEI/pEzN7/061210
view of a front curve nold half useful in the
apparatuses of the invention. Figure Ib is a top plan
view of a back curve nold half useful in the
apparatuses of the invention Figure 2 is a
cross-section of a contact |lens nold fornmed using the
nol d hal ves of Figures la and Ib. Figure 3 is a
perspective view of one enbodi nent of a pallet of the
invention. Figure 4 is a top plan view of a portion of
the pallet of Figure 3 shomnnngront curve nold half
within the pallet. Figure 4a is a magnified V|em10f a

portion of the pall giepDekt fo@icﬁ"thé:D%w S IS
perspective view of a second embodi nent o? | et _of
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manuf act ur i ng toric | enses, appar at uses
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10_al glgelbt?'oé\/l des lenses with better optics as a result of
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front curve mold half within the pallet.
Figure 4a is a magnified view of a portion of the pallet of Figure 4.
Figure 5 is a perspective view of a second embodiment of a pallet of the

15 invention.

Detailed Description of the Invention and Preferred Embodiments
The invention provides methods of manufacturing toric lenses, apparatuses
useful in the method of the invention, and lenses produced according to the method

20  in which method the position of one mold half in relation to its complementary mold
half is more precisely controlled so that tilting and rotation of the mold halves in
relation to each other is substantially eliminated. Not only does the improved
precision decrcasc the number of out-of-specification lenscs produced, but also
provides lenses with better optics as a result of improved toric axis control.

25  Additionally, by controlling the amount of tilt, or non-parallel movement of the
mold halves in relation to each other, the number of lenses in which there is a
misalignment of the sphere and cylinder powers is decreased. Finally, the method
and apparatuses of the invention permit use of front and back mold halves which can
be adjusted for individual lens performance during the mold halves’ manufacture.

30

In one embodiment, the invention provides a method for manufacturing toric

contact lenses comprising, consisting essentially of, and consisting of the step of



Addi tionally, by controlling the amount of tilt, or

non-paral l el novenent of the nold halves in relation
wo ooogaete7ot her, the nunmber of |enses in which PEFUS200%061210

a msalignment of the sphere and cylinder powers is

decreased. Finally, the nmethod and apparatuses of the

invention permt use of front and back nold hal ves

whi ch can be adjusted for individual |ens perfornance

during the nold halves' manufacture. In one

enbodi nent, the invention provides a nethod for

manuf acturing toric contact |enses conprising,

consi sting essentially of, and consisting of the step

of hol di ng each of a first and second nold half in

controlled alignnent in relation to each other. In

anot her enbodi nent, the invention provi des apparatuses

for nnintainin% each of a first and second nold half
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herein.

Figures la and 1b depict a top plan view of a front and back curve mold half,

20  respectively, useful in the apparatuses of the invention. It is one discovery of the
invention that maintain controlled alignment is facilitated by using a triangular-
shaped projecting tab on both the front and back curve mold halves. In Figure 2 is
shown a cross-sectional view of a mold suitable for use manufacturing toric contact
lenses, which mold is formed by the mold halves shown in Figures la and 1b.

25 Referring to Figures la, 1b and 2, front curve mold half 102 and back curve mold
half 103 are shown. Preferably, the mold halves are formed of a material that is
transparent to visible and ultraviolet light and suitable for use in toric contact lens
manufacturing processes. Typical materials useful in such molds include, without
limitation, polystyrene, polypropylene and the like. A central curved section of the

30 front curve mold half 102 defines a concave surface 105, which surface has the

dimensions of the unswelled front surface curve of the lens to be cast and is



projecting tab on both the front and back curve nold
hal ves. In Figure 2 is shown a cross-sectional view of
w@2000l0g00381i t abl e for use manufacturing toric cPEI/ES1007/061210
| enses, which nold is fornmed by the nold hal ves shown
in Figures la and Ib. Referring to Figures la, Ib and
2, front curve nold half 102 and back curve nold half
103 are shown. Preferably, the nold hal ves are forned
of a material that is transparent to visible and
ultraviolet [ight and suitable for use in toric
contact | ens manufacturing processes. Typical
materials useful in such nolds include, wthout
limitation, polystyrene, polypfopyl ene and the like. A
central curved section of the front curve nold half
102 defines a concave surface 105, which surface has
t he di mensions of the unswelled front surface curve of
the lens to be cast and issufficiently snooth so that
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and convex surface 106 of front curve mold half 102 need not have surfaces suitable
to form optical quality surfaces. Both front and back curve mold halves have

20 projecting tabs 108 and 114, respectively, projecting radially beyond flanges 107
and 112. The mold halves optionally may include tabs 118 extending radially
upwardly and 109 extending radially downwardly from tabs 108 and 114,

respectively.

25 In Figure 3 is shown a preferred embodiment of an apparatus useful in the
method of the invention. Shown in Figure 3 is rectangular pallet 10 having a base
19, a top 25 and four sidewalls 28 therebetween. Pallet 10 contains a plurality of
front curve supports 12 into which the front curve mold halves are placed. Each
front curve support 12 is formed of a curved wall 17 and a ledge 18 extending

30 radially thercaround and outwardly from the topmost portion of curved wall 17.



to formoptical quality surfaces. Both front and back
curve nol d hal ves have projecting tabs 108 and 114,

w0 eqpmetorsel y, projecting radially beyond fl anpesustdar/061210
and 112. The nold hal ves optionally may include tabs
118 extending radially upwardly and 109 extendi ng
radially dowmwardly fromtabs 108 and 114,
respectively. In Figure 3 is shown a preferred
enbodi nent of an apparatus useful in the nethod of the
i nvention. Shown in Figure 3 is rectangular pallet 10
havi ng a base 19, a top 25 and four sidewalls 28
t herebetween. Pallet 10 contains a plurality of front
curve supports 12 into which tRe front curve nold
hal ves are placed. Each front curve support 12 is
formed of a curved wall 17 and a | edge 18 extending
radi ally thcrcaround and outwardly fromthe topnos
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mold hal f is substantially prevented. Additlonally,
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extendi ng upwardly from Tfront curve pocket wall

Atunwadiyptiemnent @EE pecket walldg) |Atatsuppgrmost end, cu]fged wall 21 is

contiguous with beveled wall 26 which in turn is contiguous with top surface 27
extending radially therefrom. Tab orientation channels 13 may be oriented as
desired, but preferably are at 45°, 135°, 225°, and 315° relative to horizontal axis A
20 oftop surface 25 of pallet 10. Tab orientation channels 13 are configured to receive
projecting tab 114 of the back curve mold half. When back mold halftab 114 is
placed into orientation channel 13, the back curve mold half is constrained so that
titling and rotation in relation to the front curve mold half are substantially
prevented. Thus, once placed within pallet 10, the front curve and back curve mold
25 halves are substantially fixed so that they maintain the desired position relative to

each other.

In the pallets of the invention, the channels 13 and pockets 14 limit the
movement of the tabs of the mold halves and, thus, of the molds. This can be

30 achieved by maintaining a tight tolerance between the entirety of the pockets 14 and



contiguous with beveled wall 26 which in turn is
contiguous with top surface 27 extending radially

wo b@repeosn Tab orientation channels 13 may bePOr/USIWHM1210
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as desired, but preferably are at 45, 135, 225, and

315 relative to horizontal axis A of top surface 25 of
pal l et 10. Tab orientation channels 13 are configured

to receive projecting tab 114 of the back curve nold

hal f. When back nold half tab 114 is placed into
orientation channel 13, the back curve nold half is
constrained so that titling and rotation in relation

to the front curve nold half are substantially

prevented. Thus, once placed w® hin pallet 10, the

front curve and back curve nold hal ves are

substantially fixed so that they maintain the desired
position relative to each other. In the pallets of the
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defining the line running in the vertical plane of

c s farbly athe toleranse iscsugly ghat an angular tolerance of less than about 0.5
degrees is maintained so that rotation and tilting of the back curve mold half and

rotation of the front curve mold half are substantially eliminated.

In Figure 5 is shown an alternative embodiment of a pallet 30 of the
invention. Pallet 30 has a plurality of front curve supports 32 each of which
supports has a plurality of tab retention pockets 34. Tab retention pocket 34 is sized
and shape so that it is suitable for fixedly receiving a front curve projecting tab 108.
Pallet 30 additionally includes pallet risers 31, which risers each have a plurality of
back curve projecting tab orientation channels 33 sized and shaped to receive

projecting tab 114 of the back curve mold half.

The mold halves useful in the invention conveniently may be made by
injection molding the mold halves from mold inserts. Preferably, the molding is
carricd out so that thec mold half will havc a tightly controllcd tolcrance at the points

at which the mold half touches points A and B on the pallet riser. For example



the line is controlled by specifying the channel to be
precise at points A and B. Preferably, the tol erance
w0 2003020078 hat an angul ar tol erance of | ess thaPCHDS207/061210
0.5 degrees is maintained so that rotation and tilting
of the back curve nold half and rotation of the front
curve nold half are substantially elimnated. In
Figure 5 is shown an alternative enbodi nent of a
pallet 30 of the invention. Pallet 30 has a plurality
of front curve supports 32 each of which supports has
a plurality of tab retention pockets 34. Tab retention
pocket 34 is sized and shape so that it is suitable
for fixedly receiving a front curve projecting tab
108. Pallet 30 additionally includes pallet risers 31,
WhingHihd £ Rt RuRRMRCIR HR f‘Hr@f%Hbe cha%%l%\f%t points C and D
projecting tab orientation channel’s 33 size
s hapdvindniager i oprfiprssunisgueldihalfi2ofretdfe toleetnce gnipable to
fmédiuaé' s‘hbstlﬁ@al%ﬂrrﬁnm Vcﬁ%ot‘éﬁ@ﬁ Uk tHeFd e %Vrﬁglidhlﬁ@f wﬁle the
conveni ently may made b I'njection ol a
5hammd§hﬁﬂhﬁwnﬁmmﬂwd@uﬁmgn@@m@k@xably, t he nDIdlng i s
carried out so that the nold half will have a tightly
controlled tol erance at the points at which the nold
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e I, h hal f. preferab
| ;(l?ﬂgg rn? Hg%&llhggs 8 I‘:ec{ Fie {Jlgtg) nslrl] So\é‘msea%rgjeﬁugg t%qqig\xﬁ(eﬁlleasedy on best
Fi prrfeembacoat dqtmﬂthnglmn@msmjsdd hathf bckORorf@ened atainjcction molding
to an U to achj.ey, ubstanti.al elimnation
to, SRR RHST 57kt Bofl b B Ak DsRs CHRBHapdnat the
h aﬂhicéd cBld\lbhithde:J]l’ub]lﬂ ef thededs willr be;‘:‘mmﬁé kllff'ﬁstanltlﬁllﬁ bEithrﬁlﬁt;ﬁdn for
odinent, the orjentation of the fron urve no ,
hal PGS {REY: the ﬁ?&ﬁml}?at%ﬁgnfl% Qucin wihich it fhaprens pprtion of the
t ombhiearpr@heedd ﬁgmttab stiré€ss i} 656 dNB5RIABINBE Ithe back curve mold half
perfornance at . dcpol di ng conpr.omi sed with best

pePPIF FEFRiation isjsqjestedity ﬁ’f‘?%‘P%J thePest Py BamaEieter lgng. Thus,

15 Ot A€ hadloE S e nidl@ hﬁff%ﬂéfeﬁﬁfy\ﬁ@ ifgekdd hrpﬁl%rlﬁ_] ebﬁorpﬁfoﬁﬁﬁ? fhold at the
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correct for small shifts in axis, cylinder and sphere parameters that occur during

processing. For example, if a lens mold assembly, composed of front and back

curve mold halves, is assembled at exactly a forty degree axis, the resulting lens will
20 be several degrees off of the desired forty degree axis due to one or more of

monomer shrinkage and toricity induced during injection molding of the mold

halves.



denol ding. Typically, the best orientation is one in
whi ch the thinnest portion of the nold are renoved
w0 e@moedoes st ress i nposed by denol di ng. The backCT/US2087/061210
nold half insert orientation is selected to produce
the best perform ng paraneter |ens. Thus, the back
curve nold half preferably is inserted in the
injection nolding nold at the desired cylinder axis
and small adjustnents are nmade to the insert's
position to correct for small shifts in axis, cylinder
and sphere paraneters that occur during processing.
For exanple, if a lens nold assenbly, conposed of
front and back curve nold halve8, is assenbled at
exactly a forty degree axis, the resulting lens w |
be several degrees off of the desired forty degree
axis dye to one or nore of nonomer shrinkage and
t oMY Ratasclpimenddsd during injection mol ding of the nold
hal ves. What is clainmed is: 1. A nethod for
manuf acturing toric contact |enses, conprising the
>step of lhol dithemdfoomagufactusingamdc s@aastdensel,kobgirfsing the step
in r ' Q that,t.ilt apd.rotation of X
t naraofDleaH, 8 Brie RIS on8 g ol o spRBP FfEariene S thar i
s upt myigtion dfithe iodd havedwitR respactap pactabihsr fsGbstantially eliminated.
controlling alignment of a first and second nold half
inrelation to each other, conprising: a.) a pallet
havi ng & basén appaopusior teneoldng afiguncii d€WarktSand sccond mold

th e en;. b, lurality if front curve supports
s @%gﬁr%%%ggﬁ?e%%ﬁ%P%éfﬂﬂpﬂm'%rved wal | and | edge

extending radially therearound, wherein the curved

wall is_of a si nd a shape suitable to receive a
front clifve rfof aél%ﬁ E’f“fm$ ﬂi’?%q? A fon pratacsdgd fHw sidevenllsitherebetween;

and a sbape apidratilydf GOnSHRPOEIppdrt |, 8A9CsBboftREnIFPsRg a curved
substantially t he

hal f, and the suppor : | revents
rotation an dwlaﬁlainﬁ Rééﬁ?fexf%’é‘“?gr@ﬁtaﬂé’ &E@réarm@i Wzdréin the curved
15 wall is of a size and a shape suitable to receive a front curve mold
half therein, the ledge is of a size and a shape suitable to support a
flange of the mold half, and the support substantially prevents the
rotation and tilting of the front curve mold half;
c.) a plurality of risers arising upwardly from the pallet top surface, each
20 riser comprising a top surface, sidewalls and a plurality of tab
orientation channels sized and shaped for receiving a mold half so

that tilting and rotation of the mold half is substantially eliminated.

3. The apparatus of claim 2, wherein the front curve pocket is of a size

25  and shape suitable to receive a triangular tab.

4., The apparatus of claim 2, wherein each of the plurality of risers

comprises four tab orientation channels.

30 5. The apparatus of claim 3, whercin cach of the plurality of riscrs

comprises four tab orientation channels.



c.) a plurality of risers arising upwardly fromthe
pal l et top surface, each riser conprising a top

waenoaem®7s si dewal |s and a plurality of tab oriPCI/ES100T1061210

channel s sized and shaped for receiving a nold half so
that tilting and rotation of the nold half is
substantially elimnated. 3. The apparatus of claim 2,
wherein the front curve pocket is of a size and shape
suitable to receive a triangular tab. 4. The apparatus

of claim2, wherein each of the plurality of risers
conprises four tab orientation channels. 5. The
apparatus of claim 3, wherein each of the plurality of
risers conprises four tab orientation channels.6. The
apparatus of claim4, wherein the four tab orientation
channel . ar e eGabaduaorehl, $horckd e RAPEANiAARion channels
relative to a horizontal axis of the pallet top
suftedeeatedrat abrut 415p 43 2% 325 bindcd i melBtiveves Rotizdnitel akidlof the
t aPa i kL RFdQn channels are |ocated at about 45, 135,

225 and 315 rel ative to a horizontal axis of the

Spallet top surface. 8. A nold assenbly, conprising:
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a.) a fhrst C d l£; and b an apparat us

f or con{7 foll i%lri:lg agﬁrgﬁlg@gfgiagfl@?iwll@fﬂ%ﬁﬁ fgélé@ﬂd)ri%maamn channels
hadredscater ‘Itdb_am;m ) 13)5|°|$a?5\°hﬁidhﬂr5,° r&lgﬁv@ﬁ)p@ﬁ?ﬁi&tal a%ds of the
conpfising: .(i.) a pallet having a base, a top surface
ah@HF%ﬁﬁ’g?ﬁéﬁalls therebetween; (ii.) a plurality if

front curve supports , each support conprising a

curved gall 22%01edge extending radially therearound,

wher ei nSt he d asSembly, comprising:
a.) a first and second mold half; and
b.) an apparatus for controlling alignment of first and second mold

halves in relation to each other, the apparatus comprising:

(i.) a pallet having a base, a top surface and four sidewalls
therebetween;

(ii.) a plurality if front curve supports , each support comprising a
curved wall and ledge extending radially therearound, wherein the
curved wall is of a size and a shape suitable to receive a front
curve mold half therein, the ledge is of a size and a shape suitable
to support a flange of the mold half, and the support substantially
prevents the rotation and tilting of the front curve mold half:

(iii.) a plurality of risers arising upwardly from the pallet top surface,
cach riscr comprising a top surfacc, sidewalls and a plurality of
tab orientation channels sized and shaped for receiving a mold
half so that tilting and rotation of the mold half is substantially
eliminated.

9. The mold assembly of claim 8, wherein the front curve pocket is of a

size and shape suitable to receive a triangular tab.



curved wall is of a size and a shape suitable to

receive a front curve nold half therein, the ledge is
wo@Ro0a/0%10z2 and a shape suitable to support a fPEnys2007/061210

the nmold half, and the support substantially prevents

the rotation and tilting of the front curve nold half;

(iii.) aplurality of risers arising upwardly fromthe

pall et top surface, each riser conprising a top

surface, sidewalls and a plurality of tab orientation

channel s sized and shaped for receiving a nold half so

that tilting and rotation of the nold half is

substantially elimnated. 9. The nold assenbly of

claimB, wherein the front curv® pocket is of a size

and shape suitable to receive a triangular tab. 10. The

ol d assgyol yTﬁ)e,I m81daésggt§bl Vé’ﬂ'%[ %s?ﬁegmgfeaélp f the plurality of risers

plurality of risers conprrses ouf oriren Fén

chaomprises four tabhwiemtdtionabsmredd.y of claim 9, wher ein

each of the plurality of risers conprises four tab

orientation channels. 12. The apparatus of claim 8,

Saher ei n Itlhe {fTher mbRbaseermilytodicladin & Meraeah sactt 6f the airgiety of risers

t about lative t h tal
o BB o B g Ralpiiede| “15. The apparat s of

claim?9, mhereln the four tab orientation channels are

| ocat ed _at ut 45, 135, 225 and 315 relative.to
hori zont'4t a>k<1ﬁ§ © Ppaais ?)faﬂl‘flg’t 8t r‘%“l‘}rﬂF%\g%‘r tab Grientation channels

are located at about 45°, 135°, 225° and 315° relative to a horizontal axis of the

10  pallet top surface.

13. The apparatus of claim 9, wherein the four tab orientation channels
are located at about 45°, 135°, 225° and 315° relative to a horizontal axis of the
pallet top surface.
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