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Sparent, vision deteriorates because of the
di m ni shed |ight which can be transmtted to the
retina. This deficiency in the lens of the eye is
medically known as a cataract. The treatnent for this
condition is surgical rBAFPIREPNIpe | ens and
inplantation of an IOL. In general, the procedures for
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t merabelaclahs (“GRE iVEemnqﬂthMn trauma, age or disease cause the lens
to become less transparent, vision deteriorates because of the diminished light
which can be transmitted to the retina. This deficiency in the lens of the eye is
medically known as a cataract. The treatment for this condition is surgical removal
of the lens and implantation of an IOL. In general, the procedures for cataract lens
removal and IOL implantation have become common place and virtually routine.
Other conditions may not require removal of the natural lens from the eye but
insertion of a phakic intraocular lens in either the anterior chamber (i.e., in front of
the natural lens and the iris) or the posterior chamber (i.e., in front of the natural

lens, but behind the iris).

IOLs may also be “bifocal” to assist those persons who have developed
age-related presbyopia. These IOLs have a more complex optic design than
standard IOLs that lack bifocal capability. Some of the bifocal IOLs have a central

optic region that is smooth and curved, like other standard IOLs, with a
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and characteristics of the off-axis anti-reflective
| OLs will becone apparent fraomthe subsequent detailed.
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subsequent detailed description and the appended claims, taken in conjunction with

the accompanying drawings and the foregoing technical field and background.

BRIEF SUMMARY

Exemplary embodiments provide a coated intraocular lens that has a lens
body with a first refractive index and an anti-reflective coating. The coating covers
at least a portion of the lens body and has a second index of refraction that is less
than the first index of refraction of the lens body. The anti-reflective coating
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body with a first refractive index and an
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BRIEF DESCRIPTION OF THE DRAWINGS

20 Various embodiments will hereinafter be described in conjunction with the
following schematic, not-to-scale drawing figures, wherein like numerals denote

like elements.

FIG. 1 is an enlarged view of a portion of a prior art bifocal intraocular

lens;

25 FIG. 2 is a side view of a lens body depicting areas of the lens body and
incident light angles;



FIG 2 is a side view of a |lens body depicting areas
of the |l ens body and incident light angles;FIG 3 is
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depicting light scatter fromsurface walls; FIG 4 is
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the sel EEedi iy 8rrsessofectinit ahaniskemplent pbodimeak abar 1Phrlens
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brief summary or the following detailed description.

In the specification and claims, the term “IOL” or “intraocular lens”
should be read broadly to include all IOLs, for example phakic IOLs, bifocal IOLs,
multifocal IOLs, and standard IOLs.

As indicated above, there are at least two types of undesirable optic
phenomena caused by lens surface properties. In one type, surface reflection from
the lens may allow others to see a bright reflection in the wearer’s pupil, and this
reflection might also be visible in photographs or on video displays. Accordingly,
it may be of cosmetic concern for some wearers. The second type of undesirable
optic phenomena has visual performance implications for some wearers and is
manifested, for example as flares and halos. The surface reflections may cause a
reduction in retinal contrast and/or other visual disturbance. In the case of a

diffractive IOL or others that have modulated surfaces, the IOL structural features,
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=Sishs st ek bitgeh 1L Fncevan SREY Pl e pracy SetRbir b eve
PR drdte qfe_ VifiRl E¥RriAde GheRR 1iAeinvpifsdlthélictihslr bance

when the light inpinges the retina. It is further

I mportant to distinguish between reflective, phenonena
that najt iarfogherfimmertant ©cdistinggish etween reflaelivgephenameng that
angl e ra. - I a rye

B Bl (PG ] 15 FPRGRRS BF Bhele MRG0 obfhe fons
t hﬁfali:ﬁ)aylsa téfs@ed todrardinfaf “aaldight, handesfiectivegtiendineda that may
strikes the |lens surface and the | ens edge from an
a?f@qeeﬁq_’rés§$ft o g ight Bt siikgp (i s FRte T cPlp edee
A A S amSr Ztap AP et of 8 SfdGlar lens
abodynl nghe light myg 41Q suayg bntregandedtasexiabmbils tinef laght ragysdl 20 are

are regard s, of f is Light ., TIh I -
VY S Ear O PReTh ey BRI Tl e Catul B e
biilys MBHE dnBRAP By ParWitfftally ifl @ReRAENHoMROOU B1%0 about 50°, but
maferial, to the range from about 10 to about 70. As
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of f Laxisadight rays 120 bg i ngGi e :
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_ Bod wever ‘the
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to reflections, especially if the Iight rays 120 are
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not1 on opposite to t real 1 nmages. ese di'sturbances
afThesofdigurbasee m@t wdsent t*ghoseamapes” divhmaphee: matige opposite to

pupils.. As shown in FLG 3, an_enl arged portion of a
CiTR el e o s clbrbst e PRERGTOUBIAOTI OtFar 4 have
il’b?%é!l%ﬁ?ﬂsa. series of sawtooth shaped projections 312

with walls 314. Light ray 320 incident upon a wall 314

may be at |east partially reflected forward to ing;nge
upon an Asdjhavenin kG B, 31 gnlarggdmeriiert plee diliastiver Bufcep 10 of

taaiat{ rgﬁwllgﬁh Og? ?ﬁ)zlip ﬁlﬁfr’)ulﬁ%geg getrl%g ggge{vﬁﬁ)tolﬂy sﬁa‘bggbfg?écltiogslﬁ2 with
walls 314. Light ray 320 incident upon a wall 314 may be at least partially
reflected forward to impinge upon an adjacent wall 314 and be reflected thereafter,
as shown, or may be reflected directly from wall 314 that it initially impinges, as
shown. This light scattering may cause unwanted flares, halos and other
phenomena generally referred to herein as “reflections.” Elimination of reflections

may improve wearer acceptance and satisfaction.

According to exemplary embodiments, an anti-reflective coating effective
for selective light incident angle ranges may be applied to IOLs. Accordingly, the
anti-reflective coating may be functional only for off-axis light, for example. These

embodiments are especially useful in younger patients and other patients that have
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Wil | |ncre4ase Use of these two equations
X =%tcos(a) (A2)

where, n is the refractive index of the coating, t is the coating thickness, A is the
wavelength and o is the incidence angle of light. The objective is to minimize the
reflectance, such that the transmittance will increase. Use of these two equations
allows the selection of appropriate anti-reflective coatings effective for minimizing

or eliminating reflections from incident off axis light on a lens surface.

Exemplary embodiments provide anti-reflective coated high-refractive
index IOLs that reduce off axis reflectance. These high-refractive index IOLs have
a refractive index in the range from about 1.46 to about 1.60. The refractive index
of a coating applied to an IOL is less than that of the IOL to achieve anti-reflection

properties. For example, a lens refractive index of 1.52, the coatings may be about
6
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r‘@ft]eé@qegﬁug]@ r¢ffectance. However, the reflectance of axial light is lower than in
Zone A. Thus, while Zone B might be desirable to minimize axial light reflectance,
off axis light reflectance is better in Zone A. Above about 115 nm coating
thickness in zone C, axial light reflections rise sharply. Accordingly, this zone is
not as favorable as zones A or B with regard to axial light reflectance. Of the three
zones, zone A appears to be the best region for minimizing off axis light reflections
without significantly adversely affecting axial light reflectance or transmission.

Accordingly, the present technology prefers zone A and coatings that have an

overall thickness in the range from about 65 to about 85 nm.
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C @attl ?gl% &hado r eﬂugﬁta‘ﬁ{ fcu@ifﬂﬁtaﬁé:éfsl 86i1a06Rd khes May provide
ra¥es an 1'OL 500 wth I'ens body 510 coated w th

aaddm@tal boafitndof @ymplﬁ 2i: fist ewitiog dhyeomiay mepdilzypdhers songly

B PG Ryt BT RREl B Bty Erferyb o

SdMinaSRE @lhz{ﬂlgtottﬁe TOE9ensetBigtharefiils Thes fhenst of two layers may
anti-reflective coati nglwl ayer 510 has a refractive
t

i preAble A beftamicopting &em fheasiandpeint @f adhgrengp @y the lens body. In

r i

A8 S S S o o
afﬁailmhgfzdrlaﬂinhma;]rfgomﬂlﬁal@ﬂsf&ylﬁk &th, cob'gﬁg & bﬁ;mﬂcﬂo'r }aerange of
i ndex n esstanterertlvelne t
anevelprgthse @f ity aPRAGAN itFn ey %iovs.@euatms Aery and, (A8, Thé Sse of
LTy QR AORSARRY YO o, i i

| seletionmmy eachaubiatiyg &mkﬂmeg st refnagitiye islek he adhBtvel aptigethendance.
surfaces, and the second | ayer may adhere better to

;Qtee‘;: talil f‘?g #%@baégne&% quolg%%r?%)%%ghtgao%gﬁg(ij%lses present

bgt h@¥an€@atih Beink 208 fohedweasdagions fiom &EhALiseRGEbY an bfdr of
| ens body. In addition, nultiple coatlngs provi de a

powenibide] @.p., o Tastortafr 1 () earf opivan Be cxamplamngmpgdiments with two

coating layers applied, the first coating layer (i.c., the one in direct contact with the
lens) may have a thickness in the range from about 65 to about 85 nm. The second
coating layer may have a thickness in the range from about 45 to about 85 nm.

Accordingly, overall coating thickness may range from about 110 to about 170 nm.

According to exemplary embodiments of the coated IOLs, the anti-
reflective coating or dual coating may be applied to the entire IOL surface or only
to peripheral areas and edges of the IOLs. Depending upon the process used to
apply the coating or dual coating, the lenses may be masked to allow only the

peripheral areas and edges to be coated. A variety of process may be used to apply
8



reducing or elimnating reflections since each coating
is optimal for a range of wavel engths, as is apparent

w0 e@a0ifiel above equations (Al) and (A2). The uBET/U82008/069768
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nore than one coating provides greater flexibility or

¢ FIECE AR Or T R TS PR v s APOYEREL '€ Shemical vapor
apéposiivh! prREMAGEsistEX RRRhREl Pdpoe [HePsHiti®!) tsput@dringWepraPing! dip-

coated intraocul ar I enses present an advantage in
beatige ol Pin eatisgiuce ref | ect| ons fromoff axis |ight

by an order of nmagnitude (i.e., a factor of 10) or
nmore. I n exenplary enbodi penhgpifth two coating layers
applied, the first coatin (i.e., the one in

direct contact with the lens) may have a thickness in
t he r ahganpleoMaahewoatbly dfandledutIh8plasma chambsedogdvas coated

coating.| r m e a thjic ss in the ran fr )
o Bindd Tyt S8t nhe Aok g OB O Tb i lpmine
t Biogakines §afBydddan 35 (- oadRIodditodl HadkOcombinthg h iRadidic stirrer.
According to exenpl ary mmmMWmnsoftheCOMe | OLs,

t e gy tp@lcﬂaSlie)vas @amilew@dd@ ﬂmdasrm)@hamﬂvgr Wit agacuum take-
an‘}l Id%@t aclﬂgd? Oa“:fnlasg‘ steelll %a Ege 031_18 q{aéétagd gllen%dagter were

perip ar eas an pen

t Hghtpr m&as Asad lihe vazpmloundctw dietly ng tiey pldsiad chaabdrngd gas
the Il enses may be masked to allow only the periphera

afleWsraignwag d@%&at@% thygugty at raefering \Vaerieet ljhf‘oiﬂaﬁ? Yee Placggyen a
.bﬁe gqn%lﬁlea’amléht Qf@s ‘Iﬁpd%d 3 ofna 191?1&% gﬂi’cer. TQ‘H@M did not

i nc ut” are not |n1te
degose heding tpliadue \alpsﬁizsettled b:tltehe nmhtlva\msrgedtéjphsdtdsd tonoffset

sputterin |ng, coa [ spin_co

Egaeﬁpg 1l S B frnan BR80T i e e g
&htukd n\gaé’vafﬁalﬁﬂﬁie@daw Ash & Sahﬂglv\)%s | ﬁ%ﬁﬁor@a by placing a

aIIy am ne (ALAM pl asma polyner The al |l yl am

nihgomesoupkesbetvieraghe Hask Bd-the mastlnd- bot t om f | ask
containing a magnetic stirrer. The round-bottom fl ask
was connected to the plasma chanber with a vacuumt ake

of f ad@pé ﬁﬂloﬂiﬁ%ﬁbﬁxﬂlsé proediraiwak assl ot gRldep@stidd GERALAM.
The flask and the adapter were tlghtly seal ed. A gas
| Therigesire Brihe ve@ynychamber yas ipdpers tg(1ess tkanciPapbes. Begas

98w metering valve was opened and the chamber reached a pressure of 40 mTorr.
Then the RF system was set to 200 Watts for 200 seconds. The process was then

terminated and the chamber was allowed to return to atmospheric pressure.

The result was a lens with a 80 nm thick coating of allylamine polymer
which was able to reduce off axis light reflectance by a factor of about 28 times

compared to the uncoated lens.

While at least one exemplary embodiment has been presented in the foregoing
detailed description, it should be appreciated that a vast number of variations exist.
It should also be appreciated that the exemplary embodiment or exemplary

embodiments are only examples, and are not intended to limit the scope,
9



flow rate was regul ated through a netering val ve. The
flask was placed on a heating mantle, which was pl aced
wo@eoa/omagnetic stirring plate. ALAM did not r ePCi/D82008/069768

heating to induce vaporization but the mantle was

ated to offset. co of .the flask due t
Ot R bF CorrieofiiaBior aiferibg Sipadents Byiny iy, other.
Tﬁﬁﬁ@fe@&ﬂﬂ@ QAeh@isd BBICApRbNRE] fovide tiesa RRiIM@ N8 AHtvakes
by placing a thernocoupl e between the flask and the

megttvienientriead frgp | fovimpieserdivgitbecysrmpdat grmbodiaen geereplary
the S t|o f Al e
SRR, P aRles5 Pl 8 B S e D T
5 T himotiorehRY ArfighgedkbiverN\oBsndpenitithud depdrtigy foanhescopeas e dorth
a pressure of 40 mTorr., Then the RF systemwas set to
otiotheapreaded ¢laparrnddhe legal equ@leﬁFS&é%@@ ‘was then
term nated and the chanber was allowed to return to
at nospheric pressure. The result was a lens with a 80
nmthick coating of allylam ne polyner which was abl e
to reduce off axis light reflectance by a factor of
about 28 tinmes conpared to the uncoated | ens. Wile at
| east one exenpl ary enbodi nent has been presented in
the foregoing detail ed description, it should be
appreci ated that a vast nunber of variations exist. It
shoul d al so be appreciated that the exenplary
enbodi ment or exenplary enbodi nents are only exanpl es,
and are not intended to limt the scope,applicability,
or configuration of the described enbodi nents in any
way. Rather, the foregoing detailed description wll
provide those skilled in the art with a conveni ent
road map for inplenenting the exenplary enbodi nent or
exenpl ary enbodi nents. It should be understood that
vari ous changes can be nmade in the function and
arrangenment of elenents w thout departing fromthe
scope as set forth in the appended cl ains and the
| egal equivalents thereof. CLAIMS What is clained is:
1. A coated intraocular |ens, conprising:

10



a lens body having a first refractive index; and an
anti-reflective coating conprising at |east one

weoabiong41 ayer over at |east a portion of the PENES2008/069768
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body, the anti-reflective coating having a second

i ndex of refraction, the seéfnﬁwbndex of refraction

less than the first index of**¥¥Paction of the |ens

body, the anti-reflective coating reducing an

i pesidaimed ig: ef | ecti ons produced from i nci dent off

axis light by at least a factor of 2.5 tines and the
at |l east one coating |ayer having a thickness in the
range frhom Assated G¥raspylepleahSAMPESINEM 2. The coat ed
intraocular lens of Claiml, wherein the first

refract bg%lsib%g§gl(a)\aflgBi?ﬁstlrgﬂje?ctib@%ﬁek,s‘aﬂdn the range from

about 1 to about™1.60. 3. The coated intraocul ar
l ens of Claim1l, wherein the anti-reflective coating
i s aboutn GBtitrefletivatcogng pompiithg ai leaFhene eeatiag layer over at

i pt raocul. ar ns. o im1. rein i.ntensit f

Bt BOERALo PR FaR b bt HERE DL ERE Y o ndex of
t REraCEGE Shdfecbh@ il RRSOrROENCtRA QedsaBAC 8@ ¥t Adek @fsdfraation of
factor of about 28 tinmes. 5. The coated intraocul ar

| bgslens bodyi thel anijpeilestive wpatingheeducr| al tipigasibo &f jTagections
re el L.m an: | [ f [

SR A SHUTLAER TR EE N Bl £ES\88 and o
ergasonefcohtigy lagarshaving Athickaitedinithé range Goar ab@n$5 nm to about
conprising: a diffractive |l ens body having a first

r&? Peti ve index; and an anti-reflective coati ng over

at least a diffractive portion of the diffractive |lens

body, the afhi c68td BffabYRaCRAS bPNEIHAVI, oheReih INEFirst RélB¢tive
of refractionthan the diffractive | ens body, the

aimdex pEfhiedertsi bedy coiatthengngedani abguiahS? ta &eyi 1 90of
reflections produced fromincident off axis |ight on

the |l ens bo ] .of ; 7 _
The coat§ ed :ﬁé ?éaot% Ima%l%%?ﬁel%@legg %E%g?l% %ZWI? ]Jéllrnglﬁ f'§1 a ﬁgeﬂeawe
apddtmg 6 ARt 65 & about 85 nm thick.

4, The coated intraocular lens of Claim 1, wherein intensity of
reflections produced from incident off axis light at the edges of the lens body are

reduced by at least a factor of about 28 times.

5.  The coated intraocular lens of Claim 1, wherein the anti-reflective
coating reduces or eliminates an intensity of reflections produced from incident off

axis light at least at edges of the lens.
6. A coated intraocular lens, comprising:
a diffractive lens body having a first refractive index; and

an anti-reflective coating over at least a diffractive portion of the

diffractive lens body, the anti-reflective coating having a lower index of refraction

11



coating is about 65 to about 85 nmthick. 8. The
coated intraocular lens of Claim®6, wherein the

w@niov/18il ective coating conprises a first PCT/US2008/069768
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20

anti-reflective coating overlying a second

anti-reflective coating. 9. The coated intraocul ar .
G T U SAF Qens olis SER P ot en FERaBE Arrgtensity of
fﬂepéétio%gt rodibh §rdnh ViciGQR N Ekik Jigll BAUBE 1dRadAR by at least a
refractive 1 ndex of the second anti-reflective

cfaator nfj2.51nesThe coated i ntraocular lens of Claim?9,
wherein the first antireflective coating is tightly

dhered I . body. . . [ .
ens. of 7l alfh BGRPRPHLEns O SR Rl F bk Ringprive

t fiitih e NSabdEYs fosabblit §Nemti@sige from about 1.52 to about
1. 60. 12. The coated intraocular |lens of C aim®6,

wherein the anti-reflective coafing :éd ces o& . .
el i mi naBes &k rortehutiagcyar leas pebidiy, ‘g]?eé%‘ﬂé & 2Rt-grHective
i NCi-: : S L . | :
S Pl iy TN RLL Sl AURES, Whphd ot S
whetiegn the anti-reflective coating reduces an

intensity of reflections produced fromincident off

axis |ight th ens bady b l.eagt a f.actor of .
about 2811 8% cafed RUBpRReeryof LhuE S Rab ¥ Ralive index
COMPE | fikighiti-R e QAN RayicaGr hanhef Faligkiiveinded X thesecond
t he range from about 1.%2 to about 1.60; and an

amnti-reflettivecedating.coat i ng over at |east a portion of the
| ens body, the antireflective coating conprising a

first copti ?ﬁ% lclﬁét)@/é riﬁg%ﬁc{gizﬁ]gleBQ otfrflgln?.@, WRG¥inaP frst anti-

second coat ring tot irst coating
| aylectivet doatifig tsstghdpatihered toayietenbduiyng a | ower index of
refraction than the | ens body and the second coating

| ayer haying,a |lower refractive,.ihdex than.th Irst .
Co)allt i ng%?{ay gpe cg@% iiraocyjas leps anwaé‘&c% crein Ijilge tngt refractive
CrRbfotthe 10380081 B hhiRe ARké oM dbRGL 1.92to about 1.60.

12. The coated intraocular lens of Claim 6, wherein the anti-reflective
coating reduces or eliminates an intensity of reflections produced from incident off

axis light at least at edges of the lens body.

13. The coated intraocular lens of Claim 6, wherein the anti-reflective
coating reduces an intensity of reflections produced from incident off axis light on

the lens body by at least a factor of about 28 times.

12



coating reduces or elimnates an intensity of
reflections produced fromincident off axis light at

wo emsh1Aat1 edges of the | ens body. 16. The coatRCI/US2008/069768
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intraocul ar lens of Claim 14, wherein the
anti-reflective coating reduces an intensity of
reflections produced fromincident off axis light on
the |l ens body by at |east a factor of about 28 tines.

17. The1g0ahQdatedintAREHhAkNS, @BMpAbing ai m 14, wherein
the anti-reflective coating is about 65 to about 85 nm
thick. 18. The coated intraocular |ens of Caim 14,
wher ei natlpes bedyshdydeg agshpstivecadex 4 ther ags Jiom abrut 1.52 to
\?ﬁoq)\ﬁtl.]ég' %n'ﬁhe coated intraocular Iens of Caim 18,

erein the anti-reflective coating reduces or
elimnates an intensity of reflections produced from
i nci dentn afifi-refldcive tapling avel @dsast aportidg ef theflenhizodyeths anti-

body, .t he edges conprising sawm oot h gpt.i cal .shapes.
BTN CoRPEGoPAET b6 e coR GG (et eqHariAg 19 AR Body and o
t QR oA ehatif 4961 héfl?eri%g%' fRg i80S RMgARydrNHRN Skt Yeodfing layer
reflections produced Tromincident off axis |light on

t havinga dovimdyddsyofaefraasipstthan thadensrbody andhetseporsl ¢qaprag layer

having a lower refractive index than the first coating layer.

15. The coated intraocular lens of Claim 14, wherein the anti-reflective
coating reduces or eliminates an intensity of reflections produced from incident off

axis light at least at edges of the lens body.

16. The coated intraocular lens of Claim 14, wherein the anti-reflective
coating reduces an intensity of reflections produced from incident off axis light on

the lens body by at least a factor of about 28 times.

17. The coated intraocular lens of Claim 14, wherein the anti-reflective

coating is about 65 to about 85 nm thick.

18. The coated intraocular lens of Claim 14, wherein the lens body

comprises a diffractive lens body.

19. The coated intraocular lens of Claim 18, wherein the anti-reflective
coating reduces or eliminates an intensity of reflections produced from incident off
axis light at least at edges of the lens body, the edges comprising sawtooth optical

shapes.

20. The coated intraocular lens of Claim 14, wherein the anti-reflective
coating reduces an intensity of reflections produced from incident off axis light on

the lens body by at least a factor of about 2.5 times.
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