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Background of the Invention

The use of spectacle and contact lenses to correct visual acuity is well
known. Although sunglasses useful for decreasing or blocking the eye’s exposure to
UV light long have been commercially available, comparable contact lenscs have
not been widely available. However, it is known in the art to provide contact lens
with a solid or graded area of light absorbing or light reflecting material to decrease
or block UV light rays cntering the lens wearer’s eye. The solid zones of light
absorbing material are disadvantageous in that the lens wearer may see a solid
structure, or blockage, within the field of vision when looking through the lens. The
graded zone too is disadvantageous in that the gradation can produce scattering of

light resulting in a degraded image reaching the retina.

Brief Description of the Drawings

Figure 1 is a depiction of a lens of the invention.

Dectailed Description of the Invention and Preferred Embodiments
The invention provides contact lenses, and methods for their manufacture,
that substantially block either or both UV and blue light from entering the lens
wearer’s pupil. Ttis a discovery of the invention that, by providing multiple
concentric rings of certain materials on or in the lens, the amount of selected
wavelengths of light may be decreased or substantially eliminated without degrading

the lens wearer’s vision.



30 wavel engths of |ight may be decreased or substantially elimnated
wi t hout degrading the lens wearer's vision. 2 In one enbodinent, the
i nvention provides a contact |lens at | east one surface of which
conprises, consists essentially of or consists of an optic zone
having a central circular area and at |east first and second
concentric rings, wherein the 5 central circular area and second ring
are capabl e of substantially blocking the transmttance of UV |ight,
blue light, or both. By "substantially bl ocking the
transmi tt anc®O0 2840812t hat the transmittance of |ight PSTPEYEATHMEN
about 50 % preferably |less than about 25 % By "ultraviolet |ight"
or "W light" is neant |ight having a wavel ength of about 100 to
about 400 nm By "blue light" is meant |ight having a wavel ength of
about 400 to about 515 nm In Figure 1 is depicted one

enbodi nent, lens 10, of the invention. Shown is the front, or convex,
surface 11 of the lens having optic zone 12. Wthin optic zone 15 12
is area 13, a cent r alnont prebadument, thy litveriion pievides arcerfhad Feng e e oagisugiicet he

geometric cent elyrQhich R%ritQ, RRstSUERRHDAES B¥isGAURGERHE LonehhvadS
al ternating between non-light blocking rings 14, 16, and 18 and light

bl ocki ng rings Fonraheroularpeapnd atferet fsytand sgroph FapCenTE BighMEeEBE t hat
g f)nt E! ns the §eQ'ErftﬁL ciféhlﬁﬁdﬂéa&hd bdegHatring Bre fadﬁﬁslls bf@bﬁ@galmlo&ﬁiﬂg ﬂ]b ght
ocking rings may he t : ze as é optic zone, ichina
typical contact t@“ﬁ”&ﬁgagﬁéihﬁﬁ@F”F gg in dianeter. Preferably,
the area is less than or equal to 2 nmin dianeter. The diameter of
the central circular By “‘substantially blocking the transmittance” means that the transmittance of
light is less than about 50 %, preferably less than about 25 %. By “‘ultraviolet light”
10 or“UV light” is meant light having a wavelength of about 100 to about 400 nm. By

“blue light” is meant light having a wavelength of about 400 to about 515 nm.

In Figure 1 is depicted one embodiment, lens 10, of the invention. Shown is
the front, or convex, surface 11 of the lens having optic zone 12. Within optic zone
15 12 isarea 13, a central circular light blocking region centered at the geometric center
of lens 10 and surrounded by concentric rings alternating between non-light

blocking rings 14, 16, and 18 and light blocking rings 15, 17, and 19.

The arca within the optic zone that contains the central circular light

20 blocking region and light blocking rings may be the same size as the optic zone,
which in a typical contact lens is about 9 mm or less in diameter, Preferably, the
area is less than or equal to 2 mm in diameter. The diameter of the central circular
arca itsclf is about 0.3 fo about 1 mm. Any number of light blocking rings may
surround the central light blocking area and the number of rings and their width will

25  depend on the diameter of the portion of the optic zone containing the light blocking
area and rings, with a larger diameter permitting use of more light blocking rings.
Preferably, the width of each of the light blocking and non-light blocking rings is
about 0.1 mm to about 0.25 mm. Each of the rings may be the same width ora
different width than one or more of the other rings. Preferably, the light blocking

30  and non-light blocking rings are spaced equidistant apart.



area itself is about 0.3 to about 1 mm Any nunber of |ight bl ocking
rings may surround the central |ight blocking area and the nunber of
rings and their width will 25 depend on the dianeter of the portion
of the optic zone containing the Iight blocking area and rings, with
a larger dianeter permtting use of nore |ight blocking rings.
Preferably, the width of each of the |light blocking and non-1ight

bl ocking rings is about 0.1 nmto about 0.25 mm Each of the rings
may be the sane width or a different width than one or nore of the

ot her rings. WOr28088938131 y, the |ight blocking 30 and noRCTVGMIBPBcki ng
rings are spaced equidistant apart. 3 The central circular

| i ght bl ocki ng area and surroundi ng concentric rings nmay be conposed
of any suitable material that blocks light transm ssion to the
desired degree. In one enbodiment, the central circular area and the
light blocking rings are 5 solid colored, or tinted, areas. In an
alternative enbodi nent, the central circular area and rings are
conposed of opaque dbtesesiapenulanizhtiperking arp andsureynging Wingntichimetasi r ed

be composed of any suitable material that blocks light transmission to the desired

degree. In one embodiment, the central circular area and the light blocking rings are

solid colored, or tinted, areas. In an alternative embodiment, the central circular area

and rings are composed of opaque dots sized and spaced apart to provide the desired

light transmission blocking. For transmittance of light of less than about 50 %,

opaque dots that are about 0.1 mm in diameter and spaced apart by about 0.029 mm
10 may be used. For transmission of less than about 35 %, the same dots are spaced

apart by about 0.013 mm.

Suitable colorants include, without limitation, polymerizable colorants such
as acryloxy or methacryloxy-substituted 2,4-dihydroxybenzophenonic compounds

15 and non-polymerizable colorants such as 2,2°, 4, 4’-tetrhyroxybenzophenonc and
2,2’-dihyroxy-4,4’-dimethoxybenzophenone. Additional colorants include, without
limitation, 4-[(2,4-dimethylphenyl)azo]-2,4-dihydro-5-methyl-2-phenyl-3H-pyrazol-
3-one, 1,4-bis[(4-methylphenyl)amino]-9,10-anthracendione, and 1, hydroxyl-4-[(4-
methylphenyl)amine]-9,10-anthracencdione.

20

As yet another alternative, reactive dyes may be used. Suitable such dyes
include, without limitation, benzene sulfonic acid, 4-(4,5-duhyro-4-((2-methoxy-5-
methyl-4-((2-(sulfooxy)ethyl)sulfonyl)pheny 1)azo —3-methyl-5-oxo0-1H-orazol-1-
yl, [2-mephtahlenesufonic acid, 7-(acetylamino)-4-hydroxyl-3-({4-

25 sulfooxyethyDsulfonyl)phenyl)azo], {5-((4,6-dichloro-1,3,5,-triazin-2-yl)amino-4-
hydroxy-3-((1-sulfon-2-nephthal enyl_azo-2,7-naphtahlene-disulfonic acid,
trisodium salt], copper, 29H, 31H-phthalocyaninato(2-)-N2g,N1g,N31 N12)-sulfo((4-
((2-sulfooxy)ethylsufonyl)phenyi)amino)sulfony! derivative, {2,7-
napthalencsulfonic acid, 4-amino-5-hydroxy-3,6-bis((4-((2-

30 (sulfooxy)ethyi)sulfonyl)phenyl)azo)tetrasodium salt, and combinations thereof.



i ght transm ssion bl ocking. For transmttance of |ight of |ess than
about 50 % opaque dots that are about 0.1 nmin dianeter and spaced
apart by about 0.029 mm 10 may be used. For transm ssion of |ess than
about 35 % the same dots are spaced apart by about 0.013 mm
Suitabl e colorants include, without limtation, polymnerizable

col orants such as acryl oxy or nethacryl oxy-substituted

2, 4- di hydr oxybenzophenoni ¢ conpounds 15 and non-pol yneri zabl e
colorants such as 2,2', 4, 4'-tetrhyroxybenzophenone and
2,2'-dihyroxvmﬂﬂﬁmmﬂPnethoxybenzophenone Addi ti onal BeVeYHRPRNs
include, without limtation,

4-[ (2, 4-di met hyl phenyl ) azo] - 2, 4- di hydr o- 5- net hyl - 2- phenyl - 3H pyrazol 3
-one, 1, 4-bis[(4-nethyl phenyl)am no]-9, 10-ant hracendi one, and I,

hydr oxyl-44(4- net hyl phenypam no] - 9, 10- apt hr acenedi one. 20 As
yet another alternative, reactive dyes nay be used. Suitable such
dyes include, without limtation, benzene sulfonic acid,

4- (4, 5- duhyr o- 44( 2- n@tl}ﬁ@gtyergltematlve is to organic or inorganic pigment suitable for use in

net hy1- 44( 2- (sulcbQaxehsh RY bonbiHafi I ¥PRkR ﬁ?ﬁ‘cnls) §hfdtrative organic pigments
- 3- net hyl - 5- oxo-1 H orazol - 1- ahl enesuf oni ¢ aci d,

7- (acet yl ani no) 112911‘49,&1@%1}|!1m§at(0@4ptéaic5:yanme blue, pthalocyanine green, carbazole
sul f ooxyet hyl } suldi® Wﬁﬁh@@# h )aﬁ& Qn]e like and combinations thereof. Examples of useful

5((4, 6-di chl 1 -t
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aci d, trisodi umisabtifie yeloppen pxidOiek, titanium dioxide, dnd the like, and combinations
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Y
conbi nati ons the Stll anot h alternative is to organic or
i norgani c pignment suitable for use in contact |enses, or comnbinations

of such pigments. |11t alpighRnQBaR MayieGBRBRES wlm%@@lenora\bftah@yt
i mtation, pthal ocyanine. Dbl ue, Pthaloc ani ne green carbazol e
polymer, or binding polyimer, and a solvént to form the colorant used fo pro uce the
translucent and opaque layers used in the lenses of the invention. Other additives
15  uscful in contact lens colorants also may be used. The binding polymers, solvents,
and other additives useful in the color layers of the invention are known and either

commercially available or methods for their making are known.

In another embodiment, the central circular area and light blocking rings
20 providing the UV blocking may be formed from a photochromic compound or
composition, which compounds and compositions are well known. The
photochromic materials include, without limitation, the following classes of
materials: chromenes, such as naphthopyrans, benzopyrans, indenonaphthopyrans
and phenanthropyrans; spiropyrans, such as spiro (benzindoline) naphthopyrans,
25 spiro (indoline) benzopyrans, spiro (indoline) naphthopyrans, spiro (indoline)
quinopyrans and spire (indoline) pyrans; oxazines, such as spiro (indoline)
naphthoxazines, spiro (indoline) pyridobenzoxazines, spiro (benzindoline)
pyridobenzoxazines, spiro (benzindoling) naphthoxazines and spiro (indoling)
benzoxazines; mercury dithizonates, fulgides, fulgimides and mixtures of such

30 photochromic compounds.



5 violet, vat orange # 1, and the |i ke and conbi nati ons thereof.
Exanpl es of useful inorganic pignents include, without [imtation,
iron oxide black, iron oxide brown, iron oxide yellow, iron oxide
red, titaniumdioxide, and the |Iike, and combi nations thereof. In
addition to these pignents, soluble and non-sol uble dyes may be used
including, without limtation, dichlorotriazine and vinyl

sul fone-based dyes. Useful to dyes and pignents are comrercially

avai |l abl e. The dye or pignment selected nay be conbi ned with one
or nore of a“Pr&B¥BPY¥ner, or binding polyner, and a sBFVEHRPE3%¥or m
the colorant used to produce the translucent and opaque | ayers used
in the |l enses of the invention. OQther additives 15 useful in contact

| ens colorants al so nay be used. The binding polyners, solvents, and
ot her additives useful in the color layets of the invention are known
and either commercially available or nethods for their nmaking are
known. | n another enbodinent, the central circular area and |ight

bl ocking rings 20 providing the W bl ocking may be fornmed froma

phot ochrom ¢ conpoungyionQIAFRGR iphdtShronyiiinGthy iSRRI NGt oA hitation,
conpositions are well known. The photochrom c materials .include,

wi t hout |i it at ioBno-FRal ditBorwaEh gick ph@edazolghiofprpig prydydrazidatss sieness,
such as napht hopyransdithRenzopyd ffiSdes biideRRRERHahiBiRYiARS, and
phenant hr opyr ans;. § |r§B [angplsu p as.spiro éb%nzlndollnﬁl
hapht hopyr ans, S8 CHEPR PPRASeTE e SRR BRI SIS PEZORAU i ne)
napht hopyr ans, $plymeridabla fodidaagplytpetinbdpyasitacantosipplgménzidel i nc)
pyrans; oxazi nC gy BI85 R LbRbARELNARNLIGNAR! AR ThoSRKA
(i ndoline) pyri%%géﬁ¥b§§z?ﬁ§§T%gﬁ%E gggen_ﬁngo |£§ - Tepho f ¢
pyri dobenzoxazi metsrials piy be ystreroric nrolcpmbiation pith bisoa morsethenimgropiste o
(i ndoline) bqug&ﬂ&hﬁgﬁﬁmgg?ﬁa&xﬂghgggagmgtes, ful gi des, ful gimdcs
and m xtures of such 30 photochrom c conpounds. 5
Still other useful photochromic materials include an indeno-fused
naphthopyran chosen from an indeno[2°,3°:3,4]naphtho[1,2-b]pyran and an
indeno[1°,2”:4,3]naphtho[2,1-b]pyran, wherein the 13-position of the indeno-fused
15 naphthopyran is unsubstituted, mono-substituted or di-substituted, provided that if
the 13-position of the indeno-fused naphthopyran is di-substituted, the substituent
groups do not together form norbornane; and (ii) a group that extends the pi-
conjugated system of the indeno-fused naphthopyran bonded at the 11-position
thereof, where said group is a substituted or unsubstituted aryl, a substituted or
20  unsubstituted heteroaryl, or a group represented by -X=Y or -X’=Y", wherein X,
X, Y and Y? are as described herein below and as set forth in the claims; or the
group that extends the pi-conjugated system of the indeno-fused naphthopyran
together with a group bonded at the 12-position of the indeno-fused naphthopyran or
together with a group bonded at the 10-position of the indeno-fused naphthopyran
25 form a fused group, provided the fused group is not a benzo fused group, which are
more specifically disclosed in US Scrial No. 11/ 102,047, cntitled OPHTHALMIC
DEVICES COMPRISING PHOTOCHROMIC MATERIALS HAVING
EXTENDED PI-CONJUGATED SYSTEMS AND COMPOSITIONS AND
ARTICLES INCLUDING THE SAME filed on April 8, 2005, Yct other n suitable

30 photochromic compounds are naphthopyrans having reactive groups, such as those



Addi ti onal suitable photochromc materials include, wthout
limtation, organo-netal dithiozonates, such as (arylazo)-thioformc
aryl hydrazidates, e.g., 5 nercury dithizonates; and ful gi des and

ful gi m des, napht hoxazi nes, spirobenzopyrans; polynerizable

spi robenzopyrans and spi robenzopyrans; polynerizable ful gi des;

pol yneri zabl e napht hacenedi ones; pol yneri zabl e spirooxazi nes; and
pol ymeri zabl e pol yal koxyl at ed napt hopyrans. The photochrom c
materials may be used alone or in conbination with one or nore other
appropri ate YO2884%€8npl enentary phot ochroni ¢ nat er i aPGIUS2007072308; j | |
ot her useful photochrom c materials include an indeno-fused

napht hopyran chosen from an i ndeno[2', 3': 3, 4] napht ho[ 1, 2- b] pyran and
an indeno[1',2':4,3]naphtho[ 2, 1-b] pyran, wherein the 13-position of
t he i ndeno-fused 15 napht hopyran is unsubstituted, nono-substituted
or di-substitutcd, provided that if the 13-position of the

i ndeno-fused napht hopyran is di-substituted, the substituent groups
do not together form norbomane; and (ii) a group that extends the pi-

conj ugat ed syst %mr&sfpc&r&w msi&dawlhm%@namhth@emme@dﬁmmLm

11-position thereof is a substituted or

unsubsti tuted aRﬁVICgS QQMEH%INGE%OJP%MQ&%TE% I4ted het er oar yl, or
a group represenwas IUSAC’IXVE’ SOBSTIXUENYS filedhdf mH e, 2005 XSpecific a&dhﬁ(nm@r e
as described herein be @HﬂPas set forth in hhe clains;l%r t he
group that ext eﬁﬁ%""&ﬁ%@ %ﬁ“ab [9GHPRY CRPRPBTH BT She LI L PEOR Y
napht hopyran together with a group bonded at the 12-position of the
i ndeno- fused napht hopyran ok toget her with a group bonded at the

10- position of the indeno-fysed napht hopyran 25 forma fused group,
provi ded the fused groﬁu i 2T ] rp fused group, which are nore
specifically disclosed in i No. 11/102,047, entitled
OPHTHALM C DEVI CES G& . JCHROM C MATERI ALS HAVI NG EXTENDED
Pl - CONJUGATED SYSTEMS A S AND ARTI CLES | NCLUDI NG THE
SAME filed on April Yet other n suitable 30 photochromc
conpounds are napht hg 3y Nng reactive groups, such as those

10 In which R, through R;o may comprisc H, a monosubstituted alkyl or aryl
group, which may optionally comprise a heteroatom such as O, N or S, al alkenyl or
alkynyl group, and which may in combination form fused or unfused rings, provided
that one or more R group comprises a polymerizable group, such as a methacrylate,
acrylate, acrylamide, methacrylamide, fumarate, styryl, N-vinyl amide group,

15 preferably a methacrylate group. Specific non-limiting examples of suitable

naphthopyran compounds include those described in :

Photochromic compound I
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6 nmore specifically disclosed in US Serial No. 11/101,979, entitled
OPHTHALM C DEVI CES COVPRI SI NG PHOTOCHROM C MATERI ALS 5 W TH REACTI VE
SUBSTI TUENTS filed on April 8, 2005. Specific non-limting exanples
of suitabl e photochrom ¢ conpounds are shown in the formula bel ow

Rg 10l n which R1l, through R10 may conprise H, a nonosubstituted al kyl
or aryl group, which may optionally conprise a heteroatom such as O,
N or S, al al kenyl or aLkynyl group, and which may in conbination
formfused or unfiised rings, provided that one or nore R grou

conpri ses a POIHEI¥P2abl e group, such as a met hacryl aPel/UEEVH12e e,
acrylam de, nethacrylam de, fumaratc, styryl, N-vinyl am de group, 15
preferably a nethacrylate group. Specific non-limting exanples of
sui t abl e napht hopyran conpounds i ncl ude those described in
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7 5 Photochrom c conpound Il OvOVe 0 O NZHO 8
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Phot ochroni ¢ conpound 1V 5 Phot ochroni ¢ conmpound V ON H o
Phot ochrom ¢ conpound VI 10
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10 Phot ochrom ¢ conpound VIII ONC) H o 5 Photochrom ¢ conmpound I X
Phot ochrom ¢ conmpound X 11

WO 2008/003012 PCT/US2007/072303
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Phot ochrom ¢ compound XI  Phot ochrom c conmpound XII 12 The
anount of colorant, dye, pignment or photochromic material used wll
be that effective to achieve the UV Iight blocking, blue Iight

bl ocki ng, or both desired. 5 Thc particul ar amount used also w ||
depend upon thc lens material selected as well as the thickness of
the | ens. The invention may be used to provide hard or soft
contact | enses nmade of any known lens material, or material suitable
for manufacturing such | enses. to Preferably, the | enses of the

i nventi on ar ¥OSHP0%%Bnt act | enses havi ng wat er cont enPSTGRYABEHE 0 to
about 90 percent. More preferably, the |l enses are made of nononers
cont ai ni ng hydroxy groups, carboxyl groups, or both or be nade from
silicone-containing polynmers, such as sil oxanes, hydrogels, silicone
hydrogel s, and conbi nations thereof. Mtgrial useful for formng the
| enses of the invention may

Photochromic compound XII



15 be made by reacting bl ends of nacroners, nononmers, and

conbi nations thereof along with additives such as pol ynerization
initiators. Suitable materials include, without limtation, silicone
hydrogcl s made from silicone macromers and hydrophilic nononers.
Exanpl es of such silicone nacroners include, without limtation,

pol ydi net hyl si | oxane nethacryl ated with pendant hydrophilic groups;
20 pol ydi et hyl si | oxane macronmers with pol yneri zabl e functi on and
conbi nati ons thereof. They nmay al so be made using pol ysi |l oxane

macr oner s i n®EZHEP%PE2ng hydrophilic nononers; or macr ROUEEI si ng
pol ydi ntt hyl si | oxane bl ocks and pol yet her bl ocks. 13 Sui tabl e
materials al so nay be made from conbi nati ons of oxyperm and i onoperm
Hydrophi |l i c nonomers may be incorporated into such copol yners,

i ncl udi ng 2-hydroxyet hyl nethacrylate ("HEVA"), 2-hydroxyethyl
acrylate, NN 5 ; acrylamde (" "), N-vinylpyrrolidone,
2-vinyl-4, 4" -di oxazol i n-5-one, nethacrylic acid, and

2- hydr oxyet hyl j i fional siloxane monomers nmay be

i ncor porated such as _ i | oxy)silyl propyl nethacryl ate,

or the sil oxane nono b I¥e” mat erial s for making the contact

| enses are well kno cuﬂﬁ-rcially available. In one non-limting
enbodi ment, the nater is a HEMA based hydrogel, nore
preferably etafil con Ajiand the bi nding polynmer is fornmed fromlinear
random bl ock copol yners % ~ HEMA and | auryl nethacrylate ("LMA");
| i near random bl ock copol yneFs of MAA and HEMA; 15 |inear random

bl ock copol yners of HEMA and LMA; or a HEMA honopol yncr. Etafilcon A
generally is a fornul ati on of 100 parts by meight ("pbw') HEMA about
1.5 to about 2.5 pbwhelmounsgisolskaningysePigngitar phyloshsnic meteyaliied iy | ene
gl ycol di met hachpat etegtivead QilevOthOOviRnidRRKihg, blue i Blocking, or both desired.
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as the thickness of the lens.

The invention may be used to provide hard or soft contact lenses made of
any known lens material, or material suitable for manufacturing such lenscs.

10 Preferably, the lenses of the invention are soft contact lenses having water contents
of about 0 to about 90 percent. More preferably, the lenses are made of monomers
containing hydroxy groups, carboxyl groups, or both or be made from silicone-
containing polymers, such as siloxanes, hydrogels, silicone hydrogels, and
combinationg thereof, Material useful for forming the lenses of the invention may

15 Dbe made by reacting blends of macromers, monomers, and combinations thereof
along with additives such as polymerization initiators. Suitable materials include,
without liitation, silicone hydrogels made from silicone macromers and
hydrophilic monomers. Examples of such silicone macromers include, without
limitation, polydimethylsiloxane methacrylated with pendant hydrophilic groups;

20 polydimethylsiloxane macromers with polymerizable function
and combinations thereof. They may also be made using polysiloxane macromers
incorporating hydrophilic monomers; or macromers comprising

polydimethylsiloxane blocks and polyether blocks.

25



20 etafilcon Ais used with a linear random bl ock copol yner of MAA
HEMA and LMA in a ratio of 0.47 MAAto 100 HEMA to 4.14 LMA, or with
a |linear random bl ock copol yner of HEMA and MAA in a ratio of 99.9
HEMA and 0.1 MAA to 99.5 HEMA and 0.5 MAA. 25The central circular

| i ght bl ocking area and rings may be applied to, or printed on, one
or nore surfaces of a lens or may be printed onto one or nore
surfaces of a nold into which a lens formng material wll be

deposited and cured. In a preferred nethod for fornin? | enses
i ncor por at i nyAAB*HEYi gns of the invention, a ther nopfEEYFVBFPcal

nmol d, nmade from any suitable material including, wthout 30
limtation, cyclic polyolefins and pol yol efins such as pol ypropyl ene,
pol ystyrene resin, cycl ool efin-based pol ynmers such as TOPAS, which is
an anor phous 14 copol yner based on cycl gol efins and ethyl ene,
commercially available from Ti cona, polyners nmade by ring-opening
net at hesi s pol yneri zation of norbornene conpounds foll owed by

hydr ogenati on, such SHtablepaisials akioimeay bp gadeframprambiatiaps sf onypsrmap] e from
Zeon Cor por at i Ofgnofdras $lyddBHiRd mordfnerd HAY bZinFoAYordIE! ihts 8€bh cddmictsght

bl ocking area and rin re deposjted o the.desired porti f the
mol di ng surface ‘IEﬁl“d{’ﬁgﬁﬁarlowegﬁ{/)mt%wgﬁt@gwﬁf%a%‘gy g e‘ﬂ%‘é‘ﬁ?}a{e&g’“ﬁ
surface of a poldimdaiyldanlahide DMASEN-vinyIplyoolidose, 3uinfyRe ¢ -dihetyli2ens. The
O e BB E LB Bl o SRR S Ao BRI A cc! 2R Eon

printing, brushi'ng or s?%ﬁ% refera po Iron rs carried
siloxane monomers may be incorporated such as tris(trimethylsiloxy)silylpropyl

methacrylate, or the siloxane monomers.

10 The materials for making the contact lenses are well known and
commercially available. In onc non-limiting embodiment, the material used is a
HEMA based hydrogel, more preferably etafilcon A, and the binding polymer is
formed from linear random block copolymers of MAA, HEMA and lauryl
methacrylate (“LMA™); linear random block copolymers of MAA and HEMA,;

15 linear random block copolymers of HEMA and LMA; or a HEMA homopolymcr.
Etafilcon A, generally is a formulation of 100 parts by weight (“pbw”) HEMA,
about 1.5 to about 2.5 pbw MAA, approximately 0.3 to about 1.3 pbw ethylene
glycol dimethacrylate, about 0.05 to about 1.5 pbw 1,1,1,-trimethylolpropane
trimethacrylate, and about 0.017 to about 0.024 pbw of a visibility tint. Preferably

20 etafilcon A is used with a linear random block copolymer of MAA, HEMA and
LMA in a ratio of 0.47 MAA to 100 HEMA to 4.14 LMA, or with a linear random
block copoiymer of HEMA and MAA in a ratio of 99.9 HEMA and 0.1 MAA to
99.5 HEMA and 0.5 MAA,

25 The central circular light blocking area and rings may be applied to, or
printed on, onc or more surfaces of a lens or may be printed onto one or more
surfaces of a mold into which a lens forming material will be deposited and cured.
In a preferred method for forming lenses incorporating the designs of the invention,
a thermoplastic optical mold, made from any suitable material including, without

30 limitation, cyclic polyolefins and polyolefins such as polypropylene, polystyrene

resin, cycloolefin-based polymers such as TOPAS, which is an amorphous



10 out by pad printing as foll ows. A netal plate, preferably

made from steel and nore preferably fromstainless steel, is covered
with a photo resist material that is capable of becom ng water
i nsol ubl e once cured. The central l|ight blocking area and rings are

designed and 15 then reduced to the desired size using any of a
nunber of techniques such as photographic techni ques, placed over the
nmetal plate, and the photo resist material is cured. The plate is
subsequent |y washed wi th an aqueous solution and the resultin

i mage is et cHOF'BRIWBI% he plate to a suitable depth, fB?”@?gﬁﬁgénabout
20 mcrons. A colorant containing a binding polynmer, solvent, and

pi gment or dye is then deposited onto the elenents to fill the
depressions with colorant. A silicon pad of a geonetry suitable for
use in printing on the surface and varyipg hardness, generally about
1 to about 10, is pressed against the inmage on the plate to renove
the colorant and the 25 colorant is then dried slightly by

evapor ati on of tcheolwest haspd on cypleolpfing apdsethyipag, cpmmersie ﬁfgléﬁbh:sftonx Heona,

nol di ng surf ace fynR nRRE byodle JpRtith mJﬂ&sﬁB&lﬁn&r&at%%ﬁ&%Jn@r up to 12

hours to renove excess solvents and oxygen after which the nold is
filled with | ensometuads gy OW%WBW&%&WEWI HY ahgiogehyeh i onRgtiliysed to

comd)! ete the !§TD|ada|ula.518&ﬂﬂﬁ|Z¥01ﬁ0ﬂph drit@dn /aMse naﬁgeilfr@aféz IlnSylﬁXd ;@@Sserﬂe fight
conditions sult to cure the ens erl , use UcCn.

Conai 11 one are! HacFing Retatt Frbt e Riiedite T RrrdaptRa St g s,
15 materi al seIetmedmmcmwémoungmgﬂkSHsmﬂmiﬁtamﬁanﬁahbmchemmImﬁuﬁﬂ

rel eased fromthe ool d pit d.s . gq’f'ﬁed[ Posf%ﬁ?.a}& c%erHBJt%P y[r%:@'r?r?g:’ j?aaegr

solution. 5In a preferred embo ear re-
used, whi ch pr e-printing, tampo printing, brushing or stamping. Preferably, the deposition is carried

10 out by pad printing as follows.

A metal plate, preferably made from steel and more preferably from stainless
steel, is covered with a photo resist material that is capable of becoming water
insoluble once cured. The central light blocking area and rings are designed and

15 then reduced to the desired size using any of a number of techniques such as
photographic techniques, placed over the metal plate, and the photo resist material is

cured.

The plate is subscquently washed with an aqueous solution and the resulting

20 image is etched into the plate to 4 suitable depth, for example about 20 microns. A
colorant containing a binding polymer, solvent, and pigment or dye is then deposited
onto the elements to fill the depressions with colorant. A silicon pad of a geometry
suitable for use in printing on the surface and varying hardness, generally about 1 to
about 10, is pressed against the image on the plate to remove the colorant and the

25 colorant is then dried slightly by evaporation of the solvent. The pad is then pressed
against the molding surface of an optical mold. The mold is degassed for up to 12
hours to remove excess solvents and oxygen after which the mold is filled with lens
material. A complementary mold half is then used to complete the mold assembly
and the mold assembly is exposed to conditions suitable to cure the lens material

30 used. Such conditions are well known in the art and will depend upon the lens



pol ymer | ayer overlays at |east the central circular Iight blocking
area and light blocking rings and preferably forns the entirety of
the lens' outernost surface. 16 Cains 1. A contact |ens, conprising
an optic zone having a central circular area and first, second,

third, fourth, fifth and sixth concentric rings therearound, wherein
the central circular area and second, fourth, and sixth rings are
capabl e of substantially blocking the transmttance of UV |ight, blue
light, or both. 2. The lens of claim1l, wherein the central circular
area i s cent BOI840308 geonetric center of the | ens an8CHER"Y'BYnet er
of about 0.3 to about 1 mm 3. The lens of claim1, wherein a width
of each of the rings is about 0.1 mmto about 0.25 mm 4. The | ens of
claim?2, wherein a width of each of the rings is about 0.1 mMmto
about 0.25 mm 5. The lens of claim1, wherein the central circular
area and the light blocking rings conprise solid colored areas. 6.

The lens of claim1, wherein the central circular area and rings
conpri se opaque gl selected. Once curing is completed and the lens is released from the mold,

it is equilibrated in a buffered salinc solution.

5 In a preferred embodiment, a clear, pre-polymer layer is used, which pre-
polymer layer overlays at least the central circular light blocking arca and light

blocking rings and preferably forms the entirety of the lens’ outermost surface.



7. The lens of clainms 6, wherein the dots have a di aneter of about
0.1 mm and are spaced apart by about 0.029 nm 8. A nethod for
providing |ight blocking contact |ens, conprising the step of
provi ding a contact |ens having an optic zone conprising a central

circul ar area

and first, second, third® fourth, fifth, and sixth

concentric rings therearound, wherein the central circular area and

second, fourth,

the transmttance of UV light, blue Iight, or both.

Claims

A contact lens, comprising an optic zone having a central circular area and first,
second, third, fourth, fifth and sixth concentric rings therearound, wherein the
central circular area and second, fourth, and sixth rings are capable of
substantially blocking the transmittance of UV light, blue light, or both.

The lens of claim 1, wherein the central circular area is centered at a geometric
center of the lens and has a diameter of about 0.3 to about 1 mm.

The lens of claim 1, wherein a width of each of the rings is about 0.1 mm to about
0.25 mm.

The lens of claim 2, wherein a width of each of the rings is about 0.1 mm to about
0.25 mm.

The lens of claim 1, wherein the central circular area and the light blocking rings
comprise solid colored areas.

The lens of claim 1, wherein the central circular area and rings comprise opaque
dots.

The lens of claims 6, wherein the dots have a diameter of about 0.1 mm and are
spaced apart by about 0.029 mm.

A method for providing light blocking contact lens, comprising the step of
providing a contact lens having an optic zone comprising a central circular area
and first, second, third, fourth, fifth, and sixth concentric rings therearound,
wherein the central circular area and second, fourth, and sixth rings are capable of
substantially blocking the transmittance of UV light, blue light, or both.

and sixth rings are capable of substantially bl ocking



