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system of the eye. The crystalline |ens provides about
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the eye. The crystalline lens provides about 17 diopters of the total 60 diopters of the
refractive power of a healthy eye. Further, a healthy crystalline lens provides adjustable
focusing when deformed by the muscular aiiiary body that circumferentially surrounds the
crystalline lens. As the eye ages, the flexibility of the crystalline lens decreases and this
adjustable focusing is diminished. Thus, this critical crystalline lens almost invariably loses
flexibility with age, and often loses transparency with age due to cataracts or other diseases.
[006] Most intraocular lenses used in cataract surgery may be folded and inserted
through the same tiny opening that was used to remove the natural crystalline lens. Once in

the eye, the lens may unfold to its full size. The opening in the eye is so small that it heals



[006] Most intraocular |enses used in cataract surgery
may be fol ded and inserted through the sane tiny
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toits full size. The opening in the eye is so snal
itself quitll@twifhouhgeiadhes. (3R lifitrapeh ik lepsesichayobed madé b est mifiteeials that do
i ntraocul ar |l enses may be made o f inert materials
. [ j ection responses by the body.
nmﬁngg%ﬁ%%fﬂﬁwgﬂ%g%&%gggéPB%%LS are permanent. They rarely
need repl ac nt, e t i [ :
1007 St ERsRe 05t ey, P Wi LR AEBTADERE bt in the
_ accurately determ ned the required focusi ower .
instancesy Weers 64 Mg GEeT ! S GEryor LOUrFerg R ah ey Clermined
optical characteristics of the eye. In nost cases, tﬁf
the requiradt foauséng power ehhedOlnphlaptteaisuaeary Agelé may ghangs theyeRtF
are nonofocal |enses, and the optical power of the ICL
charactefigics ef getegel Bunbstichas, thhéntpowndar lefises mpkyded duiieg cAtayact
di stance vision. Therefore, in nbst cases the patient

surgery M bonstdchl lefisgdl el ehd SRRENEHvEE 85 §RICAS & 8&letidgsick that the
Intraocular lens inplants nay be static nultifocal

power of 138 L ERGGHLLTRbn! SULARELIRSAPERCL kL, e s
. and reasonabl e focu or a range of n [ :

e G AR NEEh SR B LB Py L 25 e
%ggd candi dates for the nultjfocal Ienéi howg.ver,1 ..

lenses, whdsatopnb (¢ BACH RGP IHed AT YerslalAlohHaY PR wEFIsgr fsion at
the results. [008] Mre recently, acconmodative |IO.s .

a distandeawé rézsembiaforwsdiot e dangFioé sear disttnenp dar paféentopath presbyopia.
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accommodative stimulus from the brain, similar to the way the natural crystalline lens
focuses. While these offer promise, accommodative IOLs still have not been perfected. In
spite of these limited successes, the multi-focal IOL and present accommodative IOLs still
have a substantial decrease in performance when compared to a healthy natural crystalline
lens.

[009] Another ocular lens that holds promise for correcting presbyopia is the Small

Diameter Corneal Inlay (SDCI). The Small Diameter Corneal Inlay (SDCI) is a prescription

lens that is inserted into the corneal tissue to create an effect similar to a bifocal contact lens.



[009] Anot her ocular lens that hol ds pronise for
correcting presbyopia is the Small D aneter Corneal
wo 200a9p3(13DCl ). The Smal | Di anet er Corneal | nl apc1/BEX0b3/039101
is a prescription lens that is inserted into the
corneal tissue to create an effect simlar to a
Corneabinl 6 @Dk @1yl i@NbeiCdeveR@mehnhals iy SNGbY eatyetoaardigrstand

in their developnent and it is still too early to
PRACH Lo hieyitamtive didyngili eromed al so how
how weff gy Shiftle o e L 520 Wi T al | these

O R T ST
s RS Al S LA 3L 2 S KB AR g

provi ding an intraocul ar | ens that behaves in a nanper
lens. The prdsent insntioreaddiessesihesersperieomings by @Fyiding pajaispogglar lens

THE I NVENTION [001 1] An illustrative aspect of the
that behd¢€ it d @anmRr siviithe so thie natwral agstdlbme leemis syst em

conprising an electro-active |lens conprising nmultiple

i ndependently control |l abl e zones or pixels, and a
SUMMARY OF 'THE ¢RNENEION bei ng renotel y programred.

[0012] Ot her aspects of the invention will becone
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BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The present invention can be more fully understood by reading the following
detailed description together with the accompanying drawings, in which like reference
indicators are used to designate like elements.

[0014] Figure 1 displays the major anatomical components of a human eye.

[0015] Figure 2A displays a front view of an intraocular lens embodiment with an
electro-active lens and piezoelectric material as a power supply.

[0016] Figure 2B displays a side view of an intraocular lens embodiment with an electro-

active lens and piezoelectric material as a power supply.



[0016] Figure 2B displays a side view of an
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and the fovea on the retina.

[0024] Figure 7B illustrates an area of the macula that has been damaged by “wet”
macular degeneration.

[0025] Figure 7C illustrates an area of the macula that has been damaged by “dry”
macular degeneration.

[0026] Figure 8 illustrates the various manifestations of diabetic retinopathy.

[0027] Figure 9 illustrates the stacking of two prismatic lenses with linear electrodes to
produce any combination of vertical and horizontal displacement of an image on the retina

[0028] Figure 10 illustrates an electro-active IOL in optical communication with a non-

electro-active accommodative IOL.
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anterior chamber of the eye (between the iris and the crystalline lens). In addition, it is

possible to stack (place in series optically) the electro-active layers in such a manner as to get
an additive effect for the overall optical power created, including prism, conventional
refractive error, or higher order aberration correction, in a thin structure that may be placed in
either the anterior or the posterior chamber of the eye.

[0032] Second, the optical characteristics may be actively controlled. For example, an
electro-active lens may designed to become darker (more tinted, and transmit less light) under

bright light conditions. This tinting may be generated automatically by measuring the



bright light conditions. This tinting may be generated
automatically by neasuring thebrightness using, for
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tinting may be controlled by the decisions of the user
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aberrations of the eye creates the possibility of “superhuman” visual acuity, wherein the
vision is not limited by the lenses (either biological or corrective), but rather is limited by the
inherent anatomy and physics of the photoreceptor cells in the retina. 20/10 vision or better
is possible even before additional magnification is considered. Further, it is possible for an
electro-active lens to act as a telescope or as a microscope.

[0035] Fourth, electrical control creates the potential for changing the optical
characteristics of the electro-active IOL as desired. For example, the desired optical

characteristics may be determined after the IOL is surgically implanted in order to



characteristics of the electro-active IO as desired.
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development with artificial limbs use this technique.

[0037] Sixth, electrical control creates the potential to shift the field of view, and thus
compensate for diseases that prevent the eyeball from moving. Nervous signals to diseased
muscles (that can no longer move the eye) may be intercepted, translated, and used to
electrically shift the field of view.

[0038] Seventh, there are many types of electro-active element configurations. These
configurations include: pixelated (typically a two dimensional array of pixels similar to a
liquid crystal monitor on a computer), rotationally symmetric pixelated (for example, a set of

concentric circles), and diffractive. Electro-active individually addressable pixelated



configurations include: pixelated (typically a two
di nensi onal array of pixels simlar to a liquid
wa@eystsad1i7noni tor on a conputer), rotationally BgIIB1005/639101
pi xel ated (for exanple, a set of concentric circles),
and diffractive. Electro-active individually
diffractbiddensssmby aspiorebairie dibigfshapad tlecaodasne @soduaytha giffractive lens
concentric ring shaped el ectrodes to product the

power whth {agiigiivdex! cﬁ]‘téfrﬁtﬁmrmVMoﬁﬁ'pH&@fcﬂlﬂ ehalcARIES, ﬁlfoldlng or etching
refraction without physically machining, nolding or

dlffractﬁz‘é%ﬁlén’ﬂéﬁtsthof th@Shif¥e FHRTEQLS I nto the surface of the

l'ens. [0039] The electro-active el ement may be used in
t|o n the

[OO§§§ nven?let Cgﬁacw"% RS H}?Bﬁ}“ﬂf S l%c%rﬁglélap ﬁﬁlalc\‘?gv%%qal lens,

e el ectro- ive el enent may be used in _conbination
wherein f1f onyvepiiengl gfasuw prayide f Q@ﬁeﬁéfractﬁﬁm“ﬁé dTheelpeieqt active
etched surface or geonetry. The el ectro-active el enent
elementyggy beusgd érlcombinatipn withiadiffiaitive lanskeoomgh machined, molded, or
el ectro-active el enent, wherein each nmay perforn1a
etched glirfateoregebnfcunc tTihe mlecﬁ'm‘acﬁﬁ)eﬁdmh@at mhdyebd st in combination with a
el ectro-active el enent may provide focus, and the

second S1BEERNACHTB K] | Wikerbih 'éﬁd:Hlﬁa}Q?erﬁﬁ'}h & §iffefen®furftBon, For eéample,
electrically control | ed aperture, or the second coul

the firsteRERB-4 ?tl@é' éléﬂ@ﬁﬂ fa of Bxlot/ e%cuts dI tH@ge E‘lg 8%‘3]%“%181%% ﬁ)¥1n§ or may

area of a ret ecease eye.
| ectricall

v TR S T30 RS 2l e

tinting may replace or augnment the |ight reducing
image t%ﬁ’!eef{?@lﬂbfar%%f%@rﬁ@ﬁﬁéﬁﬁ%‘iﬁ’a%ﬂ ®Pe iris, focusing may
replace the natural deformation of t he crystalline
[0040¢ drighth, e disicngped atoys; itdsrpassiblesthieldcingllyagplacephaneot the optical
novenent of the eyeball, and so forthi. Anmong ot her

functiodsat bantralthe fAnesemay aples bi aipnashd (esIS@S redh6isleFR B the
the 1OL, energy storage, energy recharging, power

contract@N IR irRMFocGARS kil reNhRSRd ﬁ‘ﬁux%j ddBEmht e refe <f5r:y§tglfllqe Runs,

targeted region of "'the retina al terlng the re active

focusmgoﬁ'yﬁﬁ‘}sg%l ik Qﬁift%i{g ??%ﬁ?%o@grrngé FI %ie enS SP g%?e Among

ost, .su f the electro a ve 1 OL. Tuning
other gt B pBRS F Yo b B G B L e b orage, Shergy
altering the location of the focus on the retina of
recharging. powef generation, control, steering of the line of site to a targeted regi on of the

retina altering the refractive power of the eye, augmenting or replacing the accomimodative
power of the crystalline lens, remote tuning post surgery of the electro-active IOL . Tuning
comprises altering the power of the IOL and/or altering the location of the focus on the retina
of the IOL.

[0041] Figure 1 displays the major anatomical components of a human eye. The major
anatomical components are: conjunctiva 110, ciliary body 112, iris 114, aqueous humor 116,
pupil 118, anterior chamber 120, crystalline lens 122, cornea 124, extraocular muscles 126,

sclera 128, chorid 130, macula lutea 132, optic nerve 134, retina 136, and vitreous humor



[0041] Figure 1 displays the major anatom ca
conponents of a human eye. The nmj or anatom ca
w@eovwpomEnt s are: conjunctiva 110, ciliary bodyPdWR$2005/039101
iris 114, aqueous hunor 116, pupil 118, anterior
chanber 120, crystalline |lens 122, cornea 124,
138. AltBsighadtiadreygsddsesbel? fiis ineteion id 2Bp applzabld to30n-hurnan eyes
macul a | utea 132, optic nerve 134, retina 136, and
amhash%th%Rﬂ%&hunorl38- Al t hough a human eye is descri bed,
this invention is al so applicable to non-hurnan eyes

uch a . : ; il
00438 pRe BT e B gt et 1 R R AR P dota
detail. Light entering t e first.enter .
Light entggag thpise BEN SRR P aet [ Tl R LI ERTPRis: SRL a7 ides
40 diopters of the approximately 60 diopters_total .
about 40rdédptese of the appipasimyelyoelionjers tcﬁﬁléﬁfra%trvéwowag gbtheenr-o Jgaht
the pupil 118. The pupil 118 is an aperture, and is
then passeatiralghethé pupil &%t Ehe pupdinh 1Brisran epeaturé,@ad ts Girighie irdigmeter
gi ves an aperture range in excess of f20-f2.5, and a
from 1 nir@kd & 18kt 8Zm.1ThRrgivdianapartifit rofge lih ghdespafrfRDHR Sdardd a ratio of
enter the eye. The iris 114 serves as an adj ustable

: ' ' N : b AgpeSabl
321jbrﬁﬁ?@%@ﬁggﬂgﬁg?%??gﬁ?gﬁéﬁ?gﬁé%%23$g$ﬁiugf%ﬁ?%ﬁ?fﬁe en% ¥
) 122 is a transpar-ent j .
disphracy et e P TRed e R AP e BRI opRt 1 22, The

‘body 112. The crystalline |lens 122 cantribute bqut
crystallinezlegs Lgtie A srapgpar iy f"c“&f‘%ﬂuleafeéif F’&B?Y%bogiésmc * azta%gﬁ axed

eye. The refractive power of the crystalline |ens 1§§
circumfarentiae tahe etleady body: bﬁ% rEetarpvaliag lep é22 fantabytehRoyt
in the ciliary body 1L2 , which deformthe crystalline
diopters k@@ tdt2efrnctival gosver f 8 ralafer aye.i Viee pdwetive priveer|of e crystalline
t hen passes through the vitreous hunor 138 and finally

lens 122GR5 BCAiRrddnsy doditiab@ont 36 the Dileary @duselas dide cliathbodyehisDrwhich
nedral |ayer of the eyeball and may be considered as

deform @? g%&?ﬁl@%rﬁ 05 F381EY & Rfra@iR P.o%/eﬁoﬁ"ﬂ@ﬁ%lﬁ‘ﬂhérppds@ through

rough the optic nerve 134. Near the center of
. _the reti 136, the u} t 1 [
e vl 108 g nehV o RELD b P L eSS0 s
the fo vea centralis or foveola (see Fi e.7). with.a
neural layprpfhepyebpll Apg M NrcOBYGETeS 25 ?‘H’ﬁg‘%ﬁ'@r"’éh e %lﬂaa}“d '8
resolution is the highest. The small dianeter of th
connectddotodled rainghrsgh dlhe entis neavgsiés Neay therpgnter of the retina 136, the

macula lutea 132 contains a central region of highest visual sensitivity called the fovea
centralis or foveola (see Figure 7) with a diameter of approximately 0.4 mm where the visual
resolution is the highest. The small diameter of the foveola is one of the reasons why the
optical axes must be directed with great accuracy to achieve gopd vision.

[0043] Thus, the human eye has an adjustable diaphragm (iris 114) and an adjustable
refractive power (due to the ciliary body 112 deforming the crystalline lens 124).

[0044] An IOL can be placed in one of three locations: in the anterior chamber 120,

which is between the cornea 124 and the iris 114; or in the posterior chamber (not shown)
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optical axes mnmust be directed with great accuracy to
achi eve good vision. [0043] Thus, the human eye has an
wadjoass@hl e di aphragm (iris 114) and an adj ustBi/@52005/039101

refractive power (due to the ciliary body 112

deform ng the crystalline |ens 124) [0044] An I QL can
which is betwekmthedris hlbmel bE cristediellensa22onsas 4 igplapemeniter ther

chanmber 120, which is between the cornea 124 and the
crystalhriefléris 1224; or in the posterior chanber (not shown)which

IS between the iris 114 and the crystalline |lens 122,

[004.‘[3 (?&]eﬁ G%ﬁg kt%cﬁgﬁﬁ‘ﬁmé Qs tBsealarsd@lakld r@@d himSani€R. may be

the crystalline I'ens is di seased

used to real@cgﬁga%y%%llﬁng E%ns hlquL@i{ STP%%EQ#E ltrl]l? ffﬁﬂhﬁﬁqeﬁﬂﬁay be

crystalline | ens e .acco dati ve,
accommefiive it BRBASHIRRIAHE Ra@%ﬁ@g STE3JLpens Alovysgihg TOL to be
allows the IOL to b e convenientl ositioned inside
conveniepfly gositiensr ibride 0f keleardssdike caprade %agwwgaly beld| the papfural
natural crystalline lens, and also allows the
crystallinedeiss, bid dlsg/alofwy bt @bssibibitysd netamarg sinleevafiolla $ocus capability
capability through interaction with the nuscul ar
through i‘ﬁtérhc@ﬁ)ﬂ wi@dte Whiseiacdilig&y bbey eRidhadilcmsetentDURdarbheds the
cl ear bag-Ilike capsule In other cases, the ICL is

clear bag? 119&:0&? ﬁé(tlfx %g%g?é%_éb ahy IéMstélé’ééH k8 cBQrary i&hout the bag-like

wever the crystalline lens is
1 st|II functional, then it may be preferable to | eave
Calpsue)'the crystalline I ens undisturbed and to place the

| ectro-active 1QL into elh er t he ster|o$ ch?nq@r
[004@1r Hewevesit Bicicsysteliagdsas ist8l fepetional B‘f@ 1t 133y P PSR to
corneal tissue simlar to the Small D ameter Cornea
leave thel arysiglligeSos Wndiststhedsed taplesethe electrhasiveloineithes the
the electro-active I10OL could, by way of exanple only,
posteriofdh@sibeleoraid arttedionubmeaibet R0odthecte, boimie e cemealonsahe similar to
refractive errors, correct for non-conventiona

the Smal‘i Q‘M&M En& RS (SDCHALRu el hbSVERLnGhdseB@BoSiMdnt, g
f ect that nmoves the | ocation of focus to a healthier

electro- a@flsefaI C| o ﬂaé;%%ﬂl rex gowe?y g)];(g\hﬁé optdl PRAGIE Eokret for

e ot herw se heal t hy
st klne | ens

conventional Tefractive €ITorS, Gorrect for non-conventional refractive errors, create a
prismatic image shifting effect that moves the location of focus to a healthier area of the
retina, and add a tint, as opposed to replacing the optical power of the otherwise healthy
crystalline lens.

[0047] Conventional refractive error is defined as one or more of: myopia, hyperopia,
pesbyopia, and regular astigmatism. Non-conventional (or higher order) refractive errors are
defined as all other refractive errors or aberrations which are not conventional refractive
erTor.

[0048] In many cases, the electro-active IOL may be used during cataract surgery when

the existing crystalline lens is defective. In this case, the electro-active IOL will actually
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[0047] Conventional refractive error is defined as one
or nore of: nyopia, hyperopia, pesbyopia, and regul ar
W@swe@®pEri sm Non-conventional (or higher ordepgT/US2005/039101
refractive errors are defined as all other refractive
errors or aberrations which are not conventiona
replace thiceferrmotd defeetiveaxisting048ialling lensnynd mew P rovide a range of electro-
el ectro-active 1OL may be used during cataract surgery
active opfibfitolrB@ioRheluiimg conyetiahdl afidot aos-coisvedeional fedactivanerrors, as
this case, the electro-active IOL will actuallyrepl ace

well as p{'JWdJ SHRMAR 16/t e SXtop iHeNBstIpRhididwéieebBififig fididthe
may provi de ‘a range of ‘el ectroactive optical
correctjan includi ng.conventi . or : T
removal FEfReds il B eRR s G € Bo P BN  cap proyide for he by
refractive power to nmake UP for the Lost opti caeléwgqvver,rh.
to accommretvwﬂ@uf ARYIOREME R nRPslatiaR Of ﬁ]%anéf‘fz%i‘téls}l A& PERCEY 1S
addition, the electro-active I10OL can provide for the
is accompbsHeii by localiaet progrrdaned chiangesin temipderpoE paffaction of the electro-
translation or change in its surface geonetry. This is
active Jaacconpl i shed by | ocalized programmed changes in the
i ndex of refraction of the el ectroactive 10.. [0049]
[004T"End RSt c6RFREH RNy Ashea B8R cCalr 3¢ edchSHGgeis Y
techni que i s phacoenul sification or "phaco." The

phacoemtsugsré@(%ggn f& " ﬁagakﬁﬁe QreTR st nMles b Qfhaft i_nt:ﬁﬁ)ﬁleggﬁe ngcige of the

cornea then creates an opening I n the nenbrane

comnea s B2 35 5 1 S TRAG Py b e

ultrasonjc probe is inserted through the apening in
lens. Thishbircwembiang id-aklaph &g @psuih &egt @b%magl R}Ffﬁlﬁ%lillg REPRe 1p inserted
breaks up or "enulsifies" the cloudy lens into tiny
through fheagpeeing & theavrmeaand aasilondte prebestvibhsingdipshicakyp e
attachnment on the probe tip. After the lens is
"emulsif&RMHeel@idy 1&enntathy fidpeneptsaba drs switivheld awnof ha\capgle by an
only the clear (now enpty) bag-Ilike capsule, which may

attachm%ﬁ bnd® &ﬁHﬁpﬁﬁt Alref tHeiéhsiidddnanelel prenlosB8, the@rdbe {sOHDrawn

acoerrul sification all ows cataract surgery to be

i A R R

re s
whi ch ns that
intraocular Ilens ({(T)PI_, .

[0050] Phacoemulsification allows cataract surgery to be performed through a very small
incision in the cornea. Stitches are seldom needed to close this tiny entry, which means that
there is less discomfort and quicker recovery of vision than with other surgical techniques.
Small incisions generally do not change the curvature of the cornea (unlike larger incisions
that were required with older surgical techniques). Small incisioms for more rapid
rehabilitation of vision and possibly less dependence on glasses for good distance vision.

[0051] After removal of the cataract-damaged lens, an artificial intraocular lens (IOL)
may be implanted. The IOL may be produced from soft acrylic or solid medical-grade

silicone. IOLs may be folded so they can be implanted with a snnall injector, which uses the
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there is less disconfort and quicker recovery of
vision than with other surgical techniques. Smal
WO p@e®sns generally do not change the curvat uper/of20051@39101

cornea (unlike larger incisions that were required
w th ol der surgical techniques). Small incisions for

same incistunehioagh Whidhthbplhiat@piobr vofs insestiedat thadegiasisigsiiyhe progedure.
dependence on gl asses for good di stance vision. [0051]

As the IO s8fplagiday &lm#bd ARowed aratbidimaagekbrlisels belsind the eye's pupil
artificial intraocular lens (10OL) may be inplanted.

over the %éeq%lidé\%‘glg%gc&g?ularfﬂy ‘f@ﬁ(s? £OBR §RHIENREMHyIE seleted Mabddl on

silicone. IOLs may be folded so they can

e inplante ith as [, 1] '
power cafGA GRo oL Pt e PHA BRESS My phElvHRts, IHETaTe
) t he begi nning of the pr%cedure.€€%¥the.ICL I S.. ired. the
active IOLippyu#E@Be slecterhbasrel off the faBs QS SR OraEh e ERp Feduired:
itself behind the eye's pupil over the remaining clear
type of asppthat eculaFisch@lfsingttatsd, nfhinnipseiahegpdpef %lémétgé?réd
based on power cal cul ations made before surgery. In
[0052]TR ERS asef, thiieleptreserive Elewrent ivonld ¢ongibeltetypioeHy tH:\beDiopters,
ICL may al so be sel ected based on the range of

+2.75 Di%k&?st, £90351bhiess, 6PLIET DRPtdrS GHbRTA pbRer. (Thedasd lean portion
ot her ocul ar di sease being treated, and any speci al

(which t}gﬁeggcﬁroggctﬁ/? G 1A L €01y ?Igtvg\ggfc]dnﬁlﬂnﬁgﬁ n)%ﬁ&?wpﬁf@l@contﬂbute most,

ro-active el enen contribute typically +2.5

. Dopters, +2.75 Digpters, +3.0 Diopt 0 .

i not all pigf GO A LD oo Y RLEf B ey e tens, would
(which the electro-active elenent_js in o

tic
be measuredranrhicdesteopijoriAi EesRuHEvES RS PPBER 2CMYE t,lor}a? II(BIOt an electro-

all, of the approximately 17 Diopters normal |

active IQIt eldvebefdr ymath éund ng of atfs loptieal IpomsT (faberamme lnﬁ%/@dh% galculations
and selected prior to surgery. However, unlike a

made prio® B/&ipddrp ARl ndt Opti naum eftecsurgay).i ve | OL al [ ows for
renmote tuning of its optical power (for exanple, in

[0058PRGuicR e ACAH I Blih QRS SPUSL RideRbly Q0 MUcORTiYg &Y £ gibodiment of
optirmum after surgery). [0053] Figures 2A and 2B

o TS50 s ITBEDIK N BOEU1 0 s
st Y B P So ROE Yan Doh  or 216
aranged HOUSShE BELBEL P! EHGSEr B PR DIER) SEPP B fo 1eRTres Freee
The charge storage
capacitor 216 is charged by a piezoelectric film 212. The piezoelectric film 212 generates
this charge as a result of mechanical forces applied by the ciliary body (not shown). The
piezoelectric film 212 is attached to the ciliary body by a ciliary body attachment tab 210.
[0054] The ciliary body expands and contracts as the eye attempts to focus from near to
far and from far to near. The ciliary body movement may produce tension and/or
compression of the piezoelectric film 212 which produces electricity. The electricity may be

transferred through charging leads 220 and used to charge the charge storage capacitor 216

(or a rechargeable battery). The charge storage capacitor 216 may power the electro-active
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capacitor 216 is charged by a piezoelectric film 212.
The piezoelectric film212 generates this charge as a
wo emalosoiof nechani cal forces applied by the ciPCEU$2005/039101
body (not shown). The piezoelectric film212 is
attached to the ciliary body by a ciliary body
lens elendht 20 urRidnytralatedontrflQGdiry Thet shokvinar Yypioaly depelagro-active
and contracts as the eye attenpts to focus from near

lens elenteRt 2 A regﬂﬁlesf Ao fidhtelyol. 0 8R5.0 vORS, witll 4 preferfadyn®e o e 2.5
nmay pro uce tension and/or conpression of the

volts. TIP %e;’?aﬁ v%%’ fo'\xpvcgl{aggg c%:gzi?eawﬂlg I?wg EM%@%VIQ{ ﬁﬁéﬁ:hlc bIa)éemyil%f
ransferred through argi ng | eads
.aéég and used to charge the charge storage capacitor
electric 1€%r a rechargeabl e battery). The charge storage
acitor 216 may power the el ectrao- actlvelens el enent
[005ﬂ1 ceplerteien) ch@qaat@é%wé ehthegrezopicetiiciR {totndenbittion or
Typically the electro-active |lens el ement 218 requires
compressipprayibeased ys 4 glige o dei@min the degiradviewingalispnee) and gy be
of 1.5 to 2.5 volts. These relatively |ow voltages
used to fl@RRasSIectkhactivedknsi Mhas\Ned pokdibleSoirthé asdr tpimdementlychd
el ectrical devices. [0055] The electrica

automatﬁglﬁf Gl HRHES d?ftheteh@ctﬂ?)LﬂlQ@ heE200 %s1fng|tl‘i’é Bhdc g iliary body.

sion or conpression may be used as a gauge to

The conh%célan%b (latn tﬁ?&%u%cﬁg J:lfl?rg b%ﬂhg g)quﬁfggﬁgg threﬂsrﬂ\@j &Eys &Estalline lens
oo R Fehéh, Ut AR MBS ERL B, v

I CL 200 using the nmuscular ciliary
contractivonef the musawlapeilipydogy 8dll Fhangsithg %l?%ﬁﬂ%% &Parﬁ\?fév jstigs pfthe
focused the subject's crystalline I ens by physically
piezoeledteit dilmi 11, ard thelsd edgtridabclenges may be triongoredby20predessor
instinctive and automatic contractions of the nuscul ar
disposeds fdr'e@ﬁﬂ‘lptéo g a\ehip (n6a6@e) drtteuseti estiedteiadlly, variably focus the
characteristics of the piezoelectric film212, and

electro- JCH%SR)E h66! rAlt‘éﬁlat&éT?QH@ﬁwE@eXeckﬁﬁc AR PhRY blé)ﬁséd solely as a

cessor disposed,”for exanple, on a chip (not shown)
gauge fOé ?%Céltsﬁlgdgg\yoliuvlé%%star_t'hg g’ﬁlc%%a tg\?énlg?T %Oq x981ﬂ§1 t;erb‘f*ovmed with a

glezoelectrlc film212 may be used soIer as a gauge
different sgproe € REMRE, in whi ch case, the el ectro-active |OL

200 woul d be provided with a different source of
[0050bimesome embodiments, the piezoelectric film may be attached mrcumferentlally to

the ciliary body by multiple attachment tabs (more than two) in order to take advantage of the
natural circumferential contraction and expansion of the surrounding ciliary body. ‘\
[0057] One or more lens anchors 214 may be used to stabilize the electro-active lens in
the desired location. For example, a lens anchor 214 may be used to center the electro-active
lens inside of the capsule or “bag” or membrane which formerly contained the natural
crystalline lens (creating an intracapsular IOL). Alternately, the lens anchox 214 may be

attached to the ciliary muscle directly, and thus be outside of the capsule (creating an

extracapsular JOL).
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[0056] In sone enbodi nents, the piezoelectric film may
be attached circunferentially to the ciliary body by
woiobiopdiel at t achment tabs (nore than two) in oPARUS1005/039101
t ake advantage of the natural circunferentia
contraction and expansion of the surrounding ciliary
[0058] baglyiple[l&06 Bhcianre2 bt numibe useh sFanshopk, 204 4dens bechosedl4
to stabilize the electro-active lens in the desired
may be usédo el Y afior€2 BRIag hade HigREerd BEREY, cddtémimy teethy Spetific
to center the el ectro-active lens inside of the
capsul e or "bag" or nenbrane which fornerly contained
% he natural crystalline Iens (creating an
|ntracap Iar Al ter n ens._an 14
10059] (R OS] Paghist 257 B PEP TR PR IERS IR g g
t hus be outS|de of the capsule (creatlng .
conventionakleng e gitionand r[lesoeerthrlwtpw TGS peEpigasths paystalline
may be used. For exanple, 3 or 4 |lens anchors 214 may
lens when he acsetnodason ansedert HBresbade dens@2 ay el fefeer ang means of
shapes, customzed t o the specific application.

encapsulatifdQRO ble - Oftive RBImdM $iea hernseti2blly sealedenolosute thabesmmists of a
refracti ve power using a conventional |ens

blocompatﬁﬁg f‘dag:lﬁ f‘tsﬁrﬂﬂar @QHOS‘E@M&Q@M@ giirdalyaREd tombRS IGES] Beway of

e crystalline | ens when no accommodat’i on
ded The se | al so serve a s a
exmnpkoa@aﬁ§§%¥yéﬁé§sgu |H§p§n%g%1ﬂB¥ro active elenent in a
hermetically seal d .encl osure th@} cons ﬂé t h lectro-
[0060] i gies Bt 1Py S ety YiGY iR pEgocH FH%%%I et an electro
currently used to nmake ICQLs, b of exanpl e Y,
active lensswfitpicroeketqteic oratesial p8ia pEWRTHIDD, aSP@Cl@FMlb&ﬁ%um[ %}%e‘éistfates
Fi gure 2B displays a side view of an intraocular |ens
the optionglriassliene 2t52wvhich amyedueotind thetdlacgrotagtize kemd element 218 and which
pi ezoel ectric material as a power supply.

may prov1@"§ Gixtd 6AIHaYe rdfiagtive@pdfer ITh UugfattRuRS einbediapdnit el fixed e base
| ens 252 which may surround the el ectro-active | ens

refractive EJ)\?&EIH& BL&dd é:lgd%‘f&ﬂs ﬁ?eyeyl%ra@ylézg%ls@anfcég(ﬁzﬂeﬁEhebél%@tro active

ractlve po I'n particul ar enbodi ment, the
element 1sf116%c31§r % er. %bnoe artpler\l/ S r@gﬁ%@ 9 sekierfs Q}‘?‘Bé ggla}t)tgd to focus
el ectro-act | ve el enent I.S inhactive. aggt%gr base lens
the eye at ExidgtiangghtWhen{Be elegieg- %?V%%%&@eméﬁ&mﬁw- bECREAPY PSS
focus
252 may have multiple focal points, and/or may be tinted.

applicatio

[0061] Other sources of power may include: solar cells, inductive charging, conductive
charging, laser, thermo-electric, and harnessing the mechanical energy from blinking. The
capacitor 216 (or optionally, a battery) may be recharged inductively with a pair of special
glasses (spectacles) that may also remotely turn off the electro-active lens while the battery is
being recharged. The special glasses may also be configured to provide vision correction
while the battery is recharging.

[0062] In some emybodiments, the capacitor 216 in the electro-active IOL 200 may be

charged with a special pillow that has very light gauge wires through which. current runs.
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the eye at far distances when the el ectro-active
el ement is inactive. The optional base | ens 252 may
whawe/opailt i pl e focal points, and/or may be ti nP@mUS2005/039101
[0061] Ot her sources of power may include: solar
cells, inductive charging, conductive charging, |aser,
The pillotvhaayrthue be ated to chargel thedrattesed ingjde the ehenttvaantiva IOdn20Qgt night
fromblinking. The capacitor 216 (or optionally, a
while theQRtiEST YdepBBKnRRehBeRAdrERde mBAE thiy 8lpy iviltuatraefdh Figfre 5 and
speci al gl asses (spectacles) that nmay al so renotely
will be d%(élfsﬁeé@{nf mﬁl%%e?al(ijl%% - ﬁ&gﬁéglcl)rﬁﬁ't?on\i\@ ¢ifcdifie ubt tRFMubSthe

recharge he s gl asses may al so be

confi.gyred t rvide vision correction e

voltage a3 P Pipe carmp a5 <Gt pBlsop S Bk bl kst e frpquency
capacitor 216 in the electro-active 10OL 200 may be

for more effiied ¢haliging- a special pillow that has very I|ight
gauge wires through which current runs. The pillow may

[0063]rAlterbatelys 8 elastrefaati vl QTheayawt kavieasapagifaid L ¢ Igw battery, but

el ectro-active 1OL 200 at night while the patient

may be cBh®&11B; pArerekesigh@lvelyalby angeaamally mkateibatiéryper sy be
illustrated in Figure 5 and will be discussed in nore

constantl??%@dekedqghﬁﬁve DRANRKk teGRA B Tob AR inBludtivebpédupled ?&aér $ply, or
duce the volfage and limt the current to safe

solar cell!, S%l s:olla?r cfeﬂrc]pléé)l\@ﬁ fboé’\ﬁﬂ’op?ﬁ]}a{ugk{f gag ) 8: 1 QeAthSEC figepower supply

t
uency nore efficien argi ng. [ 0063

Al t er nat.e) he .el ectrp-active, | may nat. have a, ..
that geneiIPg B IS b P SO Pt Gsie g AER et Jif Riatively
power ed conductively by an externally |ocated battery,
cool ambignt gy typicatly 19dagressyF hower ed i nductively by an
externally | ocated inductively coupled power supply,
[0064)r Figotea B Acand| 3B displaphmintmetulacionsiysignt ﬁ%h%’ﬁmg)@ iffractive
tuned | aser, or a thermal-electric power supply that
electro-aB@VElead €8 mehE3ornhe hrychaygedblgbangy bmg)3 e &tigure AA padvides a
98 degrees F) into the relatively cool anmbient air

front vie®lof %é:é‘ilﬂ*ré(cti_zfg clB896-88%vekns {10R641326] G 8FfrdAiv@NEndBement can
i splay an intraocular | ens system 300 having a

v Sy LT AELTT PR b SLRERS, RN,
it G SH B BB/ B RGP macing
and mis-matching. which is connected by power connections 322 to the rechargeable battery
ring 324. Lens anchors 314 may be used to stabilize and position the diffractive electro-
active lens element 326 in the desired location and orientation. The rechargeable battery ring
324 may be powered with a capacitor similar to that of intraocular lens system 200 of
Figures 2A and 2B. Further, the rechargeable battery 324 may be shaped differently and
located inside of or adjacent the lens anchor 314, and thus be moved away from the optical
elements.

[0065] Figure 3B displays a side view of the intraocular lens 300. Specifically, Figure 3B

illustrates an optional base lens 352, which is similar to the base lens 252 of the intraocular
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be either electrically diffractive wwth circular
concentric el ectrodes, or nechanically diffractive
wowdoe/ostiched surfaces that are activated el ectp¢T/aB1095/039101
by controlled b y index matching and m s-matchi ng
whi ch is connected by power connections 322 to the
lens systeneettrotRighlee 2 hant @By Thinbasd2ehs 358 msayalmevh artsasd b4 fixay opcal
used to stabilize and position the diffractive

power, oﬁhgfﬁi@e}fbtdp‘ﬁ_@al'p%%r gheRRRlly sb#e ddh piteectios thapsilt o atbsatte.
and orientation. The rechargeable battery ring 324 nmay

. ik N | S t: :
00se] FARUELREpHE BLGARARARHISIH: Flteh IR o pixclated
Further, the chargeabl e hattery .324  may. be ape
clectro-agy e GRS ANTEH DL BEBREFHLS IUCDY tE 12 Liege P g front

' anchor 314, and thus be noved away fromthe optica

view of thg pirelated clecuogsvaieptelemsnl Acﬁoswh&ilsls §o1eaE A PRRPHEL t he
i ntraocul ar I ens 300. Specifically, Figure 3B

connectians 443 to giceschargeape battely rinasi@4! dass @shorsehide may e used to
simlar to the base |l ens 252 of the intraocul arl ens

stabilize 8MEpRMchQRe Oiffridtige eRsrdAcansledSelehhs4tEaa hk elsir@bdcation
may have a base or fixed optical power, or may have no

and oriengzefoinp e 9&‘?@gef’d&% gégf]?érg o SIBk YI?aXEb% P&l BGlHeBnfe ARS8

I substrate. I gures 4A and 4B di splay an

. IJjtraocul ar Lens system 400 having a pixel at ed
C%BCHméﬂééﬁF%?g%¥%vG | ens el enent 430 and a rechargeabl e

battery ring 424, Figure 4A sho front view gf the
1006 i e TRl Cheaciardrs on i e & lens
connected by power connections 422 to the rechargeabl e
452, whithatstsamijarrtp thy baselensesipf thapravipds anodiEpnse used to
stabilize and position the diffractive el ectro-active
[0068eFigurel Sedigdys 48 @xiemal pewdesippb00doatisain chradging the internal
orientation. The rechargeable battery ring 424 may be

power sugﬁwekff 0Lk Acdoting BN EbAEmMEAP AL tHedhvehtionkr dimtiel giwe
. [0067] Figure 4B displays a side view of the

supply Sd|)d]§ ta??’%%r k(ﬁ{ditko‘%@ﬁSe f%fg HIRMaNg cbitRcRASS al RNIBoftie: 530N THR power

mlar tot ase lenses of the previous

conioff 3BT R  BO0FLELSUR, el A AL RIS s o
inductivqrfg\é\ﬁa:rgiglgﬁfc%%qﬁ:ggr <Ipr at%tﬁgycgtg{,\%}:ﬁ]aggéaglesaggroe-ac %(zjei f@ﬂt The fpower
conditioner 532 may be configured to reduce the voltage and limit the current to safe levels
for low power charging and to adjust the frequency for more efficient charging. The power
supply 500 may be configured so that the electro-active IOL may be charged while a subject
rests his head on or near the pillow 536. It will be understood that the induction coils 534
may alternatively be placed in a subject’s bedding or in a headrest, seatback or other location
that can be in close proximity to a subjects head for a sufficient period of time.

[0069] Figure 6 displays an intraocular lens assembly 600 with an electro-active lens
element 618, a control chip 640 and an antenna 622 for use with a wireless programming unit

660. The wireless programming unit 660 is configured to communicate with the control chip
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supply 500, a power conditioner 532 is electrically
connected to a wall outlet 530. The power conditi oner
w®3Reiosoiconnected to |ight gauge w re inducti oPCT/O81085/039101

534 inside of a pillow 536 for inductively charging a
capacitor or battery of a rechargeable el ectro-active

640 through. radih evagesnerhecedidi wavenate pidedmmbybb egoinf agienead 642 which
reduce the voltage and limt the current to safe

commuhewet sithoie donwopehip 64€.Naligdongrod bhliptedOamhiayi Bt réMietely tuned
frequency for nore efficient charging. The power

throughstH@QieyofFﬂ%e FRiYo Rav&oHutR gt SQy tuﬁ"ﬁdé B&ting or adjustmg the
el ectro-active 1OL may be charg ed whil e a Subject

optical &Faﬂc%er h§ dgﬁﬁéj?lg{;}ﬁ& Ectﬂfg S. e?eqn@ﬂthlgwggjs con r‘é)l XYIH 648 controls

nders |on coi

a tern | ac supj ect beddl n in
the elecfigzagi al@ 'Seteniil S BB Bkl raren fith the

close proximty to a subjects head for a suff|C|ent
erelessp@rpg@mng ugpit 0. Fooeomple Q@r@ngoh¢lgp|6§1§)gn@y]be configured to

intraocul ar | ens assenbly 600 with an el ectro-active
alert thd ensles rogratnnGdByunia 66@thar the betieny 634 Fodrage dnloant Ahemately,

622 for use with a wireless programmng unit 660. The

progran¥hin@lcefsnupicags@ MithiBe tohidol 68 648 r@ﬁff'ﬁdz EHtb@h 4 hser (light waves),
communi cate with the control chip640 through radio

tead WM SSreh ThEo KAYLO waves are picked up by trie mini
instea ant enr%a 64% vvhélzch conmuni cates with the control chip

b t
00 s SRR len U Re &bt T S BT it i agrngns 022
0 a oAb PO Gror HIPBIEE 15 SRR D BTGRRY G by

618. The control chip 640 controls the el ectro-active
inductiqneqedls ef bynpinzockergic elnaentays gvevielslyidesetibaghnrinbodiments.
communi cation with the wirel ess progranm ng unit 660.
[00HJ 1n sxxaerphboditieatscthn tcoméctiohippoGded braihdelectemhétgver KL tray vary
alert the wireless progranm ng unit 660 that the

dependiRalup&i the B\ ihegiRichSanldaMe delide@résaltg] Yin sOfe ShdyBaiiénts the
comuni cation with the control chip 640 nay be through

electro- ?ct v@%feﬁr_llg& ind Bn 8%216 chifiR 181@%12;%6%@()?}9%1 [ @i %ﬁ’l\ﬁ(ycﬁﬁrents

0 active ens
oe i fERRSELSE inhaé AP T SRR B
embodnglglétg,g ecatg apﬁvepﬁgst;%gg)rcgy%fle@ggé%g ergqlﬁeg)(zggqeqlqgcﬁ:{léclmcal) aberration
corrections, by way of example only, coma, spherical aberration, trefoil, and other higher
order aberrations. In some embodiments the electro-active elerment may also adjust the
position of the image on the retina, by way of creating a prismatic shift of the image
electronically. When correcting for higher orders aberrations and or correcting a prismatic
shift of where the image is located on the retina, the electro-active IOL may utilize a plurality
of pixels. A prismatic shift of the image is very useful in patients having conditions, by way
of example only, macula degeneration of the retina (which may include alterations in color

due to disease or specific degeneration of the macula lutea), macula holes, retinal tears, and
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[0071] In sone enbodi nents, the correction provided by
the electro-active 1OL may vary dependi ng upon the
woe@d®saf1 t he patient and the desired results.PCTUSIN®039101
enbodi nents the el ectro-active el enment may only
provi de correction for presbyopia. |In sone
neurologigpbatineenalgies thae calse seomes PvalopIf wisign pr partidearsegon@nts of
fine tuned conventional correction. In sone
the visuahjrohivae@ush aslimdelr eaikospaed in \ee fidlll ofrpigiopl avd Blarrkd gin€ibn). It
order (non-conventional) aberration corrections, by

should ¥M&@Yoifted @AIRRY i cH o thé QBB mBRIGENS BbovRRBE [Rh@ electro-active
trefoil, and other higher order aberratlons In sone

oL AT MR A6 BT o
BB eclod B Tt

berrati ons and or correcting a prismatic shift of
healthy \Hf?éld]@ "t Re Figvagy B iildustigtes tap dragrof theempcadd 2 thahkas been damaged
el ectro-active 1OL may utilize a plurality of pixels.
by “wetA npeikndegeneshod, msodllyt damsédtmgeleddng/from hedafduhe retina that moves
pati ents having conditions, by way of exanple only,
across rh@fibilafe BEHE AGmat ngm@ﬁctlh@stﬂaﬁis laf) @ref \Wif kIS mB@M 2 TACHHHE Bas been
alterations in color due to disease or speC|f|c

damageg ?e‘ﬁf%f ahi Qi & eﬁ%@ucﬁp%ﬂﬁh 1%‘& é%nor e I{@) usen on the

i ndl tears, neurologlca
articu

reri i B3R PR s TR Pl 8 ST e e

int field of visjon, and blurred vision). It
vision cghBs rfapfséefgg’rf REQRle Siferingdfom paslahdegengons An image location
enbodi nents above the inventive electro-active IOL can
change pfe0.29 fud te 20 map ayesakesumgier ymprovesigns in ondie visipniini thegase of
effect desired. [0072] Figure 7A illustrates an inage
a diseased omaddregdetl maculator natinal tThegpréfeatd daygd BVEZ0 Hin2 M AROMmM m.
heal thy macula 710. Figure 7B illustrates an area of
[0073h &FigRe 8liBustals tHealffdhasorrmeatid aaﬁﬁgpﬁh ¥n theedye. ABRGH] 8K
degeneration, usually caused by bl eedi ng fron1beh|nd

redlrectfng%é ﬁﬁi;@%nttﬁ@ku@m aglﬁﬁsgfaglg rfgff]:bsr ﬁ&e of%he t/ﬂﬁ;}l § ngri!ttﬂ %ffects of

Firgure ['ustrates macul a

n_d d by "dry" macul a degeneration, which
thm(hﬁggang %eanﬁg%%ﬁe bui |l d-up of drusen on the retina in

area of the ul a. novi ng the image to anot her
[0071433&% sehemapealty Uﬁ%atewg%?%wdeawtw@qr?ﬁyr%w@ -fepire lenses

e suffering from macul ar degeneration. An inage
with hnq:ag@gc‘prgdps may be stacked to produce any combination of vertical and h orizontal

displacement of an image on the retina. The first lens 910 has horizontal electrodes used to
produce vertical prismatic power. The second lens 920 has vertical electrodes used to produce
horizontal prismatic power. The combined lens 930 would be able to produce a comnbination
of vertical and horizontal image displacement. By changing the voltages on each electrode
and invoking a technique known as phase-wrapping, a variety of prismatic powers rnay be
produced by such a lens. Also, multiple lenses may be stacked to produce larger vakues of

prismatic power. The amount of prismatic power required and the resulting amount of image
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change of 0.25 mmto 3.00 mm nmay nmake a nmj or
i nprovenent in one's vision in the case of a diseased
weeoodapeged macul a or retina. The preferred r aPgERUS®05/039101

0.50 mMmto 2.00 num [0073] Figure 8 illustrates the
effects of diabetic retinopathy on the eye. Again, by

shift willivath depehding updrethe ergat ofthe dseaset A peefedredraagpof ismgei c
| OL, sone of the visual clarity effects of this

movemetii§ BAKReBY 18 alll Bl @AhE Gvith DféfttreFirgipe® 9.5 mm to 2.0 mm.

schenatlcally il lustrates an enbodi nent wher eby
[00753 lﬂ%l&lreg'OQﬁﬁsjtr\ﬁﬁ L& @fe%&o\%cﬁ{h)idﬂ]ﬁ tlggl%hﬁﬁlg[ﬁéat@%iﬁlea non-
t dice an I nat vertic

clectro acft;vm%%?réﬁx'gd%av%‘fhiﬁf o B 4 e hsh S T obiRa
produce_ verti cal prlsnatlc power. The second | ens 920
communisagon, withingaelegireag i waresonsrdaiived Qly eJamert HEP; Mo det
prismati c power. The conbined | ens 930 woul d be able
elementst16 10 eod 1620 @e coogsicabsdrion, bof theg ate diphgsicallygeuchong edch other.
i mge di spl acenent. By changing the voltages on each
[00763 Waile ateh ankhideratvol g baerd giobiniogiseveking\wn esiro-active lens,
phase-w appi ng, a variety of prismatic powers may be
some ele&%’ JUGRn R A Y AR theNSpticAl Sfver MinkiaBl&ick 8P gfticBlechttity

tacked to produce larger values of prismatic power.

he anpunt [ [ _
(such as l|;> P/{T? ﬁ)éam %Bﬁl 3 Epgthlgle ﬁ}gﬁﬁlfctrg;s?ﬁf {Iﬁqg ;f/ﬁ%g yeﬂg 8f electro
f th

o ol SR S5 b e ”c%.iuge o
preferred range of 0.5 mmto O mm [0075] Figure 10

subtractiy¢ fotbe paseepties) pewete ok e 1Qk+ anﬁ@rutmhngherocpﬁl@rcc@rrecuons could be
conmuni cation with a nonel ectro- active acconmodati ve

set whileltik de\Eteistaing poWerdds amhtbeh eotldoemeain see afterthe powagr i serheved.
opti cal comruni cation with non-el ectro-active

This may?epareme atddver feChargl B bow€20urchlad thetIdt. I€ttemariést’s vision
1010 and 1020 are in optical series, but they are not

changes R{Y l%hgﬁlnlsé dewt &E‘%@ﬂl&g HR60IdAERE o tﬁ@@f@lar%fdf@ssf@ﬂﬁlrhnd have

consi‘derati been glven to powering an

the IOL ar‘(iélt] c{ &) acetwll (\:/oe llSE‘&? n &o&)&’g |1g &éd%gr i flér Hed %)ﬁéétﬁ)}n Téle

sence o

r|C|t such S b y of ex np e on
changes gguld iaa BF@rqy lbg APt ﬁ%@éﬁ%@ SRR oL SR B e may be K5
el ectroactive materials, the prismatic power,
energy siguibir to the way RIIB tpax workelogayerhere e rfrash%@ﬁwqexpéo‘eﬁies the

power to the RFID tag inductively so that the RFID can transmit it’s information to the RFID
reader.

[0077] In same manner as the RFID tags, a tuning instrument for changing the IOL power
could provide power to the controller on the electro-active IOL, so that the controller could
change the voltages on the electrodes of the IOL thus setting the localized index of refraction
that determines the optical properties of the electro-active IOL.

[0078] Alternately, the power may also be supplied optically by shining a bright light or

eye-safe laser into the eye and onto a photocell built into the electro-active IOL that would
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subtractive to the base optical power of the I|IQL,
and/ or the higher order corrections could be set while
W0 b@emsoarce i s bei ng powered, and then woul d rPORUS2098039101

after the power is renoved. This may negate the need

for recharging the power source in the IOL. If the
then proviidtthe rimsoratly sleotricahpogasicaded to adjuist ths optgal powerdiithoplec tro-

he could return to the eye-care professional and have
active I0LNEhiQysRHH M8 8o b usedtBYCcSRRbhBAId I aldifen Brapplging

and/ or "hi gher” order correction. The changes coul d be
externally powered renotely. For exanple, the externa
power may be RF energy simlar to the way RFED tags

r.k day ere.the readin evi,ce .pr.ovi.d
00758 Sievati el permstic Ao PR PRV ER 65 B AR RS e Ry
. transmt it's information to the RFDD reader. LOO??
used in flpxibledew osidHelp displayseandmimilarggaierials P@mﬁws‘?f[@tt %FiERto-
for changing the 10L power could provide power to the
active elen@mty ofl dAndOLoMHiheypeloé electoicabst ddjestedibut edervisg nqrhpowered)
controll er could change the voltages on the el ectrodes
prismaticclfd%'dshﬁer_lt,oaddih% oss@ibtrati@yel fog rdtimabdisead tumiaeor logher order
refraction that determ nes the optical properties of

aberratiof B@H@étﬁ)ﬁtrﬁag/'&catddlf& td @e:, tp[aQQcY BlopfichieeRas ®htd) arfyhRchandbative
may al so bée supplied optically by shining a bright

son e SR EYF R Bl )0, 95 GHTp BB e comes
B R e kT

el ectroactive 10L. This system may al so be used for
electro-agseritisdhat innehanipal hodiap gy eWQP@%ﬁ@PV@h@Vﬁ%@%WgCPG@?gFWe
Bi -stable tw sted nematic, cholesteric and
surface cliemtured adfaritlee posifinndofahy Kdlainsthhaye been used in
flexible |l ow cost LCD displays, and simlar materials
[OOSO_’I!_H]_Vhebé%lditﬁﬁd)fitllih sibareh@ntanor tieerelaenuntlsmafts anylbel .
his type of electrically adjusted (but otherw se

accompliglgégf iﬂoa\f\@e(ra?c@lre?ya%@i’iis% AAbhaleBd¥iro-acRYETOL iy Ve placed in

tractive, r'retinal disease tuning or higher

non—toucg{ngcep(i)&%? ﬁcré)%]%l{ﬂ,in?pa]tl%g ré([r;]iﬁgctsaj %ﬁ?WIgﬁ@lC%‘éﬂ—%@ﬁC& —a(:ﬁvee

ca acconmodati ve non

accomm%i@gig\.tg {Ié,_]_,,agclgrgci lala_e trg%tig$ é%]ﬁ%}%ts aL%E: b%{lte 1Sn¥J cg)rf()al o%'theFﬂﬂL’s

pOwer.

surfaces that does not change contour during accommodation; and third, an electro-actives
element may be placed inside of a layered non-electro-active.

[0081] For example, an electro-active element could be added in the anterior chambex
and used in optical series with an individual’s functioning crystalline lens. In this case, the
crystalline lens will provide natural accommodation, and the electro-active IOL may steex the
image to a healthier part of the retina, or may tune the non-electroactive IOL, or may corxect
for higher order aberration.

[0082] As noted above, in some embodiments, it may be a major advantage to tune ox

adjust the electro-active IOL remotely. After inserting the electro-active IOL in the eye, the



could be placed in optical series with non-electrica
or non-powered |1 OLs, such as non electro-active IQO.s
wo b@b/opEachani cal | y change their optical power BET/US2005/039101
changi ng one or nore surface curvatures and/or the
position of the IOL in the eye. [0080] The addition of
optical pdwig atll €etprienadt ipseet emsedmeeluert remosdy iiwecenelieinths opgymal
be acconplished in at |east three ways: first, a

vision coSERNAb BorBd & ¢4 @nd&dtionsl bfhetivBY¥ride R ihdgReloider aberrations , or
non-touchi ng opti cal comruni cation (optical series)

. Wi th th - - act | at.i ' 6,
the precisf by pfBr BT 60 LR BN ¥EnREE ATRATL Mbs e SERRTR
IOL's surfaces that. does not change cantour i n
ate date 55 EQARDIIAE OV TSEFRT 1 1 A W BaPdo AT RUS” B Hip ] cases of
may be placed inside of a |ayered non-el ectro-active. . .
correcting gygly|forconventiansl eiraghveegrwethe clseppeiy Cifesuil i viize
added in the anterior chanber and used in optica
diffractios @ peslaibh br bothi Tk elecumictive tlenent onlyrgsopesstmalany pember of
lens. Inthis case, thie crystalline lens will provide
these fun®@dndliR boBBiaaEdM da kdqaited B thetpadiedtt eainkitioas tnd/at thétisomyion of
steer the image to a healthier part of the retina, or

laaebhe non-el ectroactive IOL, or may correct for
theeyecﬁ?éﬁer opger aberration. [0082] As noted above, in

me enbodi pent I t ' . ..

o0s 3SR RPP s TR T B AL PEL R o0t
inserting the electro-active LOL in the eye

cortection R @peTIE) inbHBTeSeH AP RO (HeeslRRTT A HRAT S akly e be used to
fine-tuned renotely to acconplish the optinmal vision

provide acnglast ordinting etfoet dedtrorastivlpn Barmsingrirecipldiquiteyyigl layers or
error, or higher order aberrations , or the precise

other eledtasaliromic mbterink, themipetroractivedlOleof the prdsamttimeantion lgan tegiice
could be tuned again at a |later date to conpensate for

the amoufP8NGES tHal hith theQ@¥@nOWEEN thé ERt lekigs {rothe s ABEMeDT bagimky.
In cases of correcting solely for conventiona

uncomfofjt?llglp?& ﬂ, éﬁe?ﬁﬁ Qiiovel MEt EhSE hRsRGEd t¥8hd Fe. %Egngbés@f ect

raction or pixelation or both.
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light beyglgi !éoeng% @?eégg]lr&g%‘tg;log teglggelya,tthet Srl.]l?lg alssS gflfceectt Im%r}} bgfswtltrgﬁede Pé%notely

by the user using a wireless communication device couple to the control circuitry in the IOL.
This electro-active sunglass effect may occur in milliseconds or less, in contrast to the
relatively slow reaction time of seconds (or more) for commercial photosensitive chemical
tints in conventional lenses. One factor in determining the reaction time of electro-active
lenses is the thinness of the liquid crystal layer. For example, a 5 micron layer of liquid
crystal may react in milliseconds.

[0084] Similarly, the focusing of the electro-active elements may be performed

automatically by using a range finder, or a tilt meter (near distance when looking down., far



[0083] In sonme enbodi nents, while an el ectro-active
| ens may be used to provide vision correction as
walemensdied i n the present invention, the el ectPOFES1I00Y@39101
| ens may al so be used to provide a sunglass or tinting
effect electro-actively. By using special liquid
distance Whysloakinkayeiet)por aidydie @heaolledratelyiby thater using a wikdess
el ectro-active 1OL of the present invention can reduce
Cmnmmnkggngﬁgﬁgt of light that hits the retina when the
|ght Ievels |n t he environnment beconme unconfortably

[0084; erelzﬁe am r 8t le e%ﬁje Cc:hp(?xrtauccrggteﬁgls deng ?%%%nh@tsté? €ransparent

e sun ass e€ etr gere

aut ona a h ns.or U|It t he

outside I%YQ&“eqf\?lﬁ‘éﬁ éﬁﬁ‘w SPRISPRYP B T Eﬁts Bagorurb shehabing hehanee
| evel. Alternately, the sunglass effect may be

of ions. ¥tienetveliageivuppliod gyroshihe cqelysive 1wetset<@§ gnove from one
comuni cation device couple to the control circuitr

inner layeintotahethtiOcausTig s cbhegt inomtingiof ¢heselagtahsomic materipyReversing
occur in mlliseconds or less, in contrast to the

the voltap@LatkésMBé Yayet Vb @ed tledr dgalie THe deandsohar lagas ejn hore
commer ci al photosensitive chemcal tints in

variable ﬁgﬂ\fﬁﬂgﬁtﬂﬁﬁke !hﬁ?{ g %ge&ﬁ@n frash Aboit™s @e0gJeRicnt. MBhik Rfbe of electro

ction tinme ctro-active |l enses is the thinness

chromic EL\?‘@E%S? rﬂ%tlatgfyg r%}cf & esI QY fled c!%)%rstiaﬁf(%%ﬁg Fft& tRe Th dcﬁtrgg Ras been

may reac i'secon
[0084] Sim]|arly

initiated P QRISAHLC TGS BBEALP PIE %@3@&}?@%&%&% GBS T e

range finder, or a tilt neter (near dlstance when
energy. | ooki ng down, fardistance when | ooking straight) or
may be controlled renotely by the user using a
[0086) Asdtease]aaroeinbodt itahndegy ¢ecalled38Sjenddrepasticle display (SPD).
nunber of electro-chromc materials. One type consists

This mat‘éfiaonﬁﬁ_ﬁﬁ%@l_@&uthUE&ﬂtﬁ%s'sﬁé/@h&e@fn £b@etion teaean the plates of glass.
conductive filmthat has inner layers which allow the

In their rga)\‘nfrglas@egg tg% MEES LR Qrgiecdlﬁd@ BRIckRE tRE HRS&S phiiGge of

uter con t| ve ayers | ons nove from oné inner
o ST TS AU O e
st Séaﬁtg‘i%z@&‘:égfp%ﬁiaﬁgﬁ Roplit S SOp Iy e
operation, fromabout 5 to 80 percent. This type of
has beengised¢ tarrovide electro—chromic effects in sunglasses.

[0087] The systems and methods, as disclosed herein, are directed to the problems stated
above, as well as other problems that are present in conventional techniques. Any description
of various products, methods, or apparatus and their attendant disadvantages described in the
“Background of the Invention” is in no way intended to limit the scope of the invention, or to
imply that invention des not include some or all of the various elements of known products,

methods and apparatus in one form or another. Indeed, various embodiments of the invention

may be capable of overcoming some of the disadvantages noted in the “Background of the
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chrom c gl azing has "nmenory" and does not need
constant voltage after the change has been initiated.
wWo-0bl080171 it can be tuned to bl ock certain wavetEDN§1005039101
such as infrared (heat) energy. [0086] Another
el ectro-chrornic technology is called suspended
Inventiongawhil€btell ehitsipingsomnSPD)all dfiths vamowsdlaherdoat kiavgn products,
nol ecul ar particles suspended in a solution between
methods,lan& a?ﬂ)eﬁ‘&tﬁ§ iPbnHoRSSr alnbiidpei r natural state, the
‘particles nove randonmly and collide, blocking the
di rect passage of light. Wien switched on, the
particles align rapidly and the gl azi ng becones
transparent. This type of sw tchabl e glazing can bl ock
up to about 90 percent of light. Also liquid crystal
has been used to provide electro-chromc effects in
sungl asses. [0087] The systens and mnet hods, as
di scl osed herein, are directed to the problens stated
above, as well as other problens that are present in
conventional techniques. Any description of various
products, methods, or apparatus and their attendant
di sadvant ages descri bed in the "Background of the
Invention" i s in no way intended to limt the scope
of the invention, or to inply that invention des not
i nclude some or all of the various elenments of known
products, methods and apparatus in one form or
anot her. 1ndeed, various enbodi nents of the invention
may be capabl e of overcom ng sone of the disadvantages
noted in the "Background of thelnvention,” while stil
retai ning sonme or all of the various el enents of known
products, nethods, and apparatus in one form or
anot her. CLAIM5S What is clained: 1. An intraocular |ens
system conprising: an electro-active |ens conprising
mul ti pl e i ndependently control |l abl e zones or pixels,
and a controller capable of being renotely programmed.
2. An intraocular |l ens systemaccording to claiml,
further conpri sing:



a power source in electrical comunication with the
el ectro-active lens. 3. An intraocular |ens system
wa@ewe/nsiing to claim?2, wherein the power sour CBCT/US2005/039101
conprises an energy storage el enent positioned
adj acent the electro-active lens. 4. An intraocul ar
| ens system according to claim 3 wherein the energy
CLAIMSSt orage el ement conprises at | east one of the set
consisting of a battery and a capacitor. 5. An
What is clafhe@ocul ar 1 ens system according to claim3 further
conpri si ng a chargi ng arrangenent adapted for

e el ectricity to the energy
I‘An”nquuﬁ§ éﬁ? éﬁ%ﬁ?e&éﬁﬁ%% i ntraocul ar | ens systen1
accordln o claim5 mh he (9
i sebed e Tonr g i e nisgr ) S g O R picls,
communi cation with the energy storage eI errent 7. An
i nadaocul ar | ens system according to claim®6 wherein
the piezoelectric elenent is adapted for attachnent to
aamttrdlieaczg,pabmdgfbelfngatersuﬂl@}yeliﬁbgsmél}f@l and i s adapted for
generation of electricity in response to novenent of
the ciliary body.8. An intraocular |ens system
2. An integsealadidng syQerdlagdondibg ehelne i, fultberclvarmgisig:ar r angenent
conprises an external inductive el enent adapted for

PQ@ELgéoﬂgcet1H%le%ﬁﬁ:ﬁ%n%h@rh@ﬁﬁm&hﬁf@@blel@bfoiardﬁﬂ:b@tlelml whi | e
emai ni ng external to the subject’'s eye. 9. An

i ntraocul ar I ens system according to claim8 wherein

3. An 1ni1r£1)ectuﬁa§|tl ﬁ%?gteﬂnglgéb‘f&hg %? glla?rﬁ@nklhérémq‘he? BOwEHd s@lirck 88@brises an

I'a nsi An i ntraocul ar | ens

dj ternal
enceey PN EITEY BTt e ?%e%’“f%c‘aé@é%'éit acl e assenbly.

11. An intraocul ar |ens syst em accor ding to cl a| m 4

~wherein the charging arran ri ses
4. A infggeplar Jons SO ETRIO0EI A T By O B SRy Jement
claim4 wherein the Qharfgl ng arran ement
comprises at least one of the set consisting of a battery and a capac1tor

5. An intraocular lens system according to claim 3 further comprising:
a charging arrangement adapted for selectively supplying electricity to the energy

storage element.

6. An intraocular lens system according to claim 5 wherein the charging arrangement
comprises a piezoelectric element in electrical communication with the energy storage

element.

7. An intraocular lens system according to claim 6 wherein the piezoelectric element is
adapted for attachment to a ciliary body of a subject’s eye and is adapted for generation of

electricity in response to movement of the ciliary body.
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conpri ses an external electrical power source
conductively linked to the energy storage el enent by
w@pooslosarr i cal bus. 13. An intraocul ar | ens SyBCEDS2005/039101

according to claim1, further conprising: an antenna
connected to the controller; and a wrel ess

8. An intrfpcopiden sigtannhdcoatiagteclainnb whieredd deschorgmgiai gagdnoent
with the controller via the antenna. 14. An

comprises hif bk BIAM iRludtRB 1y BRRAETRE Shdifing Cheb@irgy diomlaes déement by
the electro-active | ens conprises a base [ens el enent

. . 1 a . I i lens. 15. An

induction \i‘adﬁ]lier %%@%ngn% %%%ggstyg/g%‘%%biéggg% e|:'ng to claim14 wherein
the base lens elenent is configured to provide a fixed

. _base refractive power. 16, An.intraoc [ S :
9. An intafERERHIRE SRE P b & s ARGl G e Ene i
) is adapted to selectively correct for at |east one
disposed aglepsiepatiahuinsidera RilPPve error.17. An intraocul ar |ens
system according to claim1 wherein the el ectro-active
lens is adapted to selectively correct for at | east .
10. An intaveuiarlesosystem penoading &4 elaim 7 wherin ge extgnalgpductive element is
i ntraocul ar | ens system according to claim1 further
attached tcCDsTREdta¢lagsseaibly.east one anchor attached to the
el ectro-active |l ens and adapted for positioning and
stabilizing the intraocular lens within the nmenbrane

11. An in®oceul8tigheSfstein @y@rdihf to ARinh Atwhendnl kier cHaegisg siyahgement
conprising an electro-active lens elenent, wherein

comprises%%l)paleée?l‘?t ro-active el ement contains a bi-stable
I'i'quid nol ecule. 20. An intraocul ar | ens system

conprising an electro-active lens elenent, wherein

12. An infSg! B S tg{;é’qg%i%ng gé cﬁirﬁ Me(rfiiﬁ t&oﬁéﬂg gﬁ{aﬁ%ﬁﬁmf

source cap recnarged reno

._intraocular lens system conprising,.bot
comprises g G PBRLEFT UM LT SHECG BBl SEbRBHL Deenerey storage
accommodati ng | ens, wherein said electro-active |ens
element bygrieiesyitied] B88r o- act i ve

13. An intraocular lens system according to claim 1, further comprising:
an antenuna connected to the controller; and
a wireless programming unit adapted for wireless communication witht the controller

via the antenna.

14. An intraocular lens system according to claim 1 wherein the electro-active lens

comprises a base lens element attached to the electro-active lens.

15. An intraocular lens system according to claim 14 wherein the base lens element is

configured to provide a fixed base refractive power.

16. An intraocular lens system according to claim 1 wherein the electro-active lens is

adapted to selectively correct for at least one conventional refractive error.
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accommodating |l ens are in optical conmunication.

WO 2006/050171 PCT/US2005/039101

17. An intraocular lens system according to claim 1 wherein the electro-active lens is

adapted to selectively correct for at least one non-conventional refractive error.

18. An intraocular lens system according to claim 1 further comprising:
at least one anchor attached to the electro-active lens and adapted for positioning and

stabilizing the intraocular lens within the membrane of a subject’s eye.

19. An intraocular lens system comprising an electro-active lens element, wherein said

electro-active element contains a bi-stable liquid molecule.

20. An intraocular lens system comprising an electro-active lens element, wherein said
electro-active lens element is powered by a power source capable of being recharged

remotely.

21. An intraocular lens system comprising both an electro-active lens and a non-electro-
active accommodating lens, wherein said electro-active lens and nion electro-active

accommodating lens are in optical communication.



