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[4] Intraocular lenses (IOL.$) are typically permanent, plastic lenses that are surgically implanted
inside of the eyeball to replace or supplement the eye's natural crystalline lens. They have been used
in the United States since the late 1960s to restore vision to cataract patients, and more recently are
being used in several types of refractive eye surgery. [0051 The natural crystalline lens is critical
component of the complex optical system of 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 ciliaéry bodzﬁﬂ:q%&fc%cumferentially
surround®ieet dystalfind 18 fesugdMae 1dy 2084 Y. ShaoplisatinNos H957 SyEhlid feRE %ecreases and this

adjustable focusing is diminished. Thus, this critica| crystalline lens almaost inyariably loses flexibility
with age,%ﬁeoﬁtg%lgﬁﬁ%ép@%%ﬁﬂﬁ GR ftggcgpgrl’ac égo‘r“c‘%]%’ﬁéé:ﬁgf[‘;@ées. [006] Most
intraocular le used in catay rgery - qledpne Wt@gmmgfgﬁﬁggne tiny opening
that was ﬁgggigi%@?)%e ?ﬁ%sgné%%ﬁ%r%gtaﬁp? en%. Once In the eyle, the lens may unfold to its full

size. The&ﬁ%&%ﬁm@%&ﬁmmﬂ%@ hemlsuitseliemicidycyilioos siteddrbibesintraocular

lenses may be made of inert materials that do not trigger rejection responses by the body. [007] In

most casqs, 46U3S BI¢ PaEmARLBUIIIE isviel DasaibeelaR@IRELS Saapiio. h¥hdtances where the
measurements of the eye prior to surgery have not accurately determined the required focusing power
of the 10LissbaDébarbeargorpitse indHySchapitatine Bp el eh #a filedrietsr théP8%e. In most cases,
the intraocalar lenses implanted during cataract surgery are monofocal lenses, and the optical power
of the 10L is BAICKESHR RN S BHRNeye is set for distance vision. Therefore, in most

cases the patient will still require readi lasses after sur Uﬂé@ﬂ@i'@f Iﬁr}gggg’ plants may be static
multifocal lerS88! Wik REBHIBERS A |5%1?r%%?gal?k£:§ttﬁaeocé9%'s natural lens by providing clear vision at

a distance,and [e3SonaRie.BRia (BAARds: g tRER NS ANGes e PaRRB B prosyoia. Not al
patients are Boocflcan idates for the multifocal lens; however, those who can use the lens are some
what pleagad, Wil thgoreSUlis 10L’s refractive power, or prismatic power, or at Jeast a portion of the
tinting.
[004] Intraocular lenses (IOLs) are typically permanent, plastic lenses that are surgically
implanted inside of the eyeball to replace or supplement the eye's natural crystailine lens.
They have been used in the United States since the late 1960s to restore vision to cataract
patients, and more recently are being used in several types of refractive eye surgery.
[005] The natural crystalline lens is critical component of the complex optical system of
the eye. The crystalline lens provides about 17 diopters of the total 60 diopters of the
refractive power of a healthy eye. Further, 2 healthy crystalline lens provides adjustable
focusing when deformed by the muscular .ciiiary body that circomferentially 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 intraccular lenses used in cataract surgery may be folded and inserted

through the same tiny opening that was used to remove the patural crystalline lens. Once in

the eye, the lens may unfold to its full size. The opening in the eye is 50 sraall that it heals



[8] More recently, accommodative IOU have been introduced. These accommodative IOLs actually
change focus by movement (physically deforming and/or translating within the orbit of the eye) as the
muscular ciliary body reacts to an accommodative stimulus from the brain, similar to the way the
natural crystalline lens focuses. While these offer promise, accommodative 10Ls 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.
[9] Another ocular lens that holds promise for correcting presbyopia is the Small Diameter Corneal
Inlay (SREHqlioE SriakiDisimste Toomsaciialp (ST k%ﬁé&?i’&ﬁsm@ﬁgaﬂﬁé‘?%&‘ﬁserted into the

corneal tissue to create an effect similar to a bifocal contact lens. Corneal Inlays (SDCI) are early in
their devetopggenteizstian rsspafises b e8P understand how well they will function and also how

effective they will become. [0010] While all these emerging surgical pracedures hgve their merits,
they all had@sulssnasticast ?éﬁ?éeiﬁeﬁg?f]c?ﬁ%zﬁgg rv%ﬁgﬁnc%dr;rp%ed to Iglhyountig healthy natural

crystalline lens. The present invention gg sSesthese leeMinasdayapig\ddiagnaizdntraocular lens
that behZ¥BacH ¥ nﬂﬁ%fng?ﬁw%??ﬁt?ﬁﬁgat?ra? cr§/sta||irg1% ens. SUMMARY OF Ikth. INVENTION

[0011] Alﬂé'r'&?#}%ﬁ"i%&?ﬁﬁ ‘ﬁ%%%'a? dRVRITIOR RS aHicRssaFy iinseianasacions ﬁ)@@ﬁmbm prising an
electro-active' lens comprising multiple independently controllable zones or pixels, and a controller
capable g heiRg:rRTal 43E0 Gianom eshes, the intraocular lenses implanted during cataract

surgery are monofocal lenses, and the optical power of the I0L is selected such that the

ﬁower of the eye is set for distance vision. Therefore, in most cases the patient will still

requii"e reading glasses after surgery. Intraocular lens implants may be static multifocal

lenses, which attempt to function more like the eye's natural lens by providing clear vision at

a distance and reasonable focus for a range of near distances, for patients with presbyopia.

Not all patients are good candidates for the multifocal lens; however, those who can use the

Jens are somne what pleased with the results.

[008] More recently, accommodative JOLs have been introduced. These

sccommodative IOLs actually change focus by movement (physically deforming and/or

translating within the orbit of the eye) as the muscular ciliary body reacts to an

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 Corpeal Inlay (SDCT). The Small Diameter Corneal Inlay (SDCY) is a prescription

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



[0012] Other aspects of the invention will become apparent from the following descriptions taken in
conjunction with the following drawings, although variations and modifications may be effected without
departing from the spirit and scope of the novel concepts of the disclosure. BRIEF DESCRIPTION OF
TEE 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 intraocylar lens
embodingeshyitinRRsaBIOD e tiadylarieEnd: piloposkicni HiatEH a2 HIB RRPESHBS . [0016] Figure 2B
displays a side view of an intraocular lens embodiment with an electro- active lens and piezoelectric
material hmv@wwquion and also how effective they will becorne.
[0010] While all these emerging surgical procedures have their merits, they all have a
substantial decrease in performance when compared to a young healthy natural crystalline
lens. The present invention addresses these shortcomings by providing an intraccular lens

that behaves in a manner similar to the natural erystalline lens.

SUMMARY OF THE INVENTION

{0011] An illustrative aspect of the invention provides an intraocular lens system
comprising an electro-active lens comnprising multiple independently controllable: zones or
pixels, and a controlier capable of being remately programmed.

[0012] Other aspects of the invention will become apparent from the following
descriptions taken in conjunction with the following drawings, although variatior:s and
modifications may be effected without departing from the spirit and scope of the novel

concepts of the disclosure.

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 I 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 plezoelectric material as a powet supply.



[0017] Figure 3A displays a front view of an intraocular lens embodiment with a diffractive
electro-active lens and a rechargeable battery ring, [0018) Figure 3B displays a side view of an
intraocular lens embodiment with a diffractive electro-active lens and a rechargeable battery ring.
[0019] Figure 4A displays a front view of an intraocular lens embodiment with a pixelated
electro-active lens and a rechargeable battery ring. [0020] Figure 4B displays a side view of an
intraocular lens embodiment with a pixelated electro-active lens and a rechargeable battery ring.
[0021] Figure 5 displays an external power supply embodiment with i.nducti\(%charging
[0017] Figure 3A displays a front view of an intraocular lens embodiment with a
diffractive electto-active lens and a rechargeable battery ring,
[0018] Figure 3B displays a side view of an intraocular lens embodiment with a
diffractive electro-active lens and a rechargeable battery ring.
{0019] Figure 4A displays a front view of an intraocular lens embodiment with a
pixelated electro-active lens and a rechargeable battery ring.
[0020] Figure 4B displays a side view of an intraocular lens ernbodiment with a pixelated
electro-active lens and a rechargeable battery ring.
{0021} Figure 5 displays an extermal power supply embodiment with inductive charging
elements inside of a pillow.
[0022] Figure 6 displays an intraccular lens embodiment with an electro-active lens and a
control chip with an antenna for use with a wireless prograouming unit.
[0023] Figure 7A is an image of an healthy retina illustrating the location of the macula
and the fovea on the retina.
{0024] Figure 7B illustrates an area of the macuia 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.



elements inside of a pillow. [0022) Figure 6 displays an intraocular lens embodiment with an
e[ectro-act!ve lens and a control chip with an antenna for use with a wireless programming unit. [0023)
Flgure 7A is an image of an healthy retina illustrating the location of the macula and the fovea on the
retina. [00_24] 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.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0029]  Hereinafter, various embodiments of the inwvention will be described. As used
herein, any term in the singular may be interpreted in the plural, and alternately, any term in
the plural may be interpreted to be in the singular.

[0030] Electro-active materials comprise optical properties that may be varied by
electrical control. For example, transmission of light may be controlled to produce finting or
a sunglass effect. Further, the index of refraction may be electrically controlled to produce
focusing and or prismatic effects. One class of electro-active material is liquid crystals.
Liquid crystals comprise a state of aggregation that is intermediate between the crystalline
solid and the amorphous liquid. The properties of liquid crystals may be controlled
clectfica]ly, thermally, or chemically. Many liquid crystals are composed of rod-like
molecules, and classified broadly as: nematic, cholesteric, and smectic.

[0031] There are several characteristics of electro-active materials which are useful in
TOLs. First, the optical characteristics may be generated by thin layers (rather than by the
curvature of conventional lenses which may require thick lenses). These thin layers may be
placed in locations where it may be difficult to place conventional lenses, for example in the
anterior chamber of the eye (between the iris and the crystalline lens). In addition, itis
possible to stack (place in series optically) the electro-acti ve 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 actiwvely controlled. For examgple, 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



[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 nonelectro-active accommodative 10L.
DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS [0029]Hereinafter, various
embodiments of the invention will be described. As used herein, any term in the singular may be
interpreted in the plural, and alternately, any term in the plural may be interpreted to be in the singular.
[0030] Electro-active materials comprise optical properties that may be varied by electrical control. For
example piansesi asiog oflightiplay: peocatitds| edebyrdb e mRiy Giediipggragdeffect. Further, the
index of refraction may be electrically controlled to produce focusing and or prismatic effects. One
class of elettodeddivberdenisivaisief ibpgeeRpsra% of RIFALHSEI comprise a state of aggregation that is

intermediate between the crystalline solid and the amorphous liguid, Th tigg,Of liquid crystals
may be conti®IR3l Treltrizaiy frumntaR 5P ThaTHIE %Iagnb;?hca%l dlé%d/s??g s agg;éomposed of rod-like

molecules, and classified %g%gtlg I‘?%"ﬁﬁgml\,%’t’f{‘% FHQUBSIGHC, AR SEMREHGr 2 HIQRM T here are several

characte RS Rt PEREIVE Matera hare useful in TOLs. First, the optical characteristics

may be generated by hin |ayers; GaifesBam Beileciivalerertldeenye risnakbenses which may

require thick fenses). These thin layers may be placed in locations where it may be difficult to place

conventignaldensase (e example:in, thefanietiay teambetiof thehe viedisenyethethiteiy and the

crystalline lens). In addition, it is possible to stack (place in series optically) the electro-active layers in

such a maatief agingebamohdditive effect for the overall optical power created, including prism,

conventional refractive error, or higher order aberration correctiop, in a _thin Sfugture that may be
ol

placed in eitfR03d dhiricrleptaeatromel &P THa RIS FSTE 446 the optical
characteristics may be actively contro Ie(g{ For example, .an elecioRelive R maysgasigned to
BP0 e b

become dAfREVEAbTES et ess i er bright light conditions. This tinting may be

generate%&gcttos%?ggg&% %@M@%@n& However, an electro-active lens with a large
number of individually addressable controlled small elements (for example, an array of very
small pixels) may address very complex and bhigh order visual defects. Further, the control
may be simplified by creating individually addressable elements in arbitrary configurations,
such as asexie:s of concentric circles, or a series of approximately concentric ellipsis, or
whatever customized configuration efficiently corrects the visual defect. The design,
roanufacture, and control of an array of small pixels has similarities with the manufactare of
Liguid Crystal Displays (LCDs). Correction of complex visual defects such as higher ordet
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 Iicroscope.

{0035} Fourth, électrical 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 TOL is surgically implanted in order to



brightness using, for example, a photodiode or solar cell. Alternately, the tinting may be controlled by
the decisions of the user by way of a remote control. [0033] Similarly, the focus of an electro-active
lens may be controlled electrically. The focus may be controlled automatically using, for example, a
range finder, or a tilt meter, or triangulation based on the direction of both eyes, the forces exerted on
the lens by the muscles of the eye. Alternately, the focus may be controlled by the decisions of the
user by way of a remote control. [0034) Third, electrical control creates the potential for correcting
complex and high order visual defects. Conventional intraocular lenses are limited to addressing
certain visupdndestoraychaniss £has aprrAHIRE 8 Fe el oSO B Rl RS ETSLHb-active lens with a large
number of individually addressable controlleg small elemen Iorﬁg%(ar%eg?, an array of very small
pixels) PR HEARSS SIS S RS ARG P BRARYS FE05) detets” Firther, the control may be simplified
by creating Indiyidualby addfessahie slsmenis inatbLiaN.AaRT alaRs, fishas g series of
concentfi &fFE e%,c%Pa series o?%pprommate y concentric ellipsis, or whatever customized

configurgg%qq:&fﬁﬁ?d}%{ gonegls the Msyalsiafeskidhe desigrcmapuiasiuRhandeontrol of an array of

small pixels has similarities with the manufacture of Liquid Crystal Displays (LCDs). Correction of
complexadsyal gesiaststs uahoka iglie e iaplaitedreiticrs of thdQly eoresitegrigmatisossibility of
"superhuman” visual acuity, wherein the vision is not limited by the lenses (either biological or
correctiyeyyénst rathehisgmisquitmativanesiamrdaiechil Gaémmy SR RsHR YrBSTRRptor cells in the
retina. 20110 vision or better is possible even before additional eragé;i#n'fication is considered. Further, it

is possihatfisradrarestoHETRE 96 RS E: 544 Bp Ou A8 TIPS SE6Fe™ 10035] Fourth,

electrical confrol creates the pqtential for changing the o chﬂkcﬁh agteristics.of the electro-active IOL
as desiré@ﬂ%‘”&%ﬁfﬁﬁ?‘ﬂ%‘{aﬁ%@%ﬁé dpticar %‘g%et%}?s‘t@cs may be determined after the IOL is

surgically implanied if, QTder 0 SAMPRRSAREARKChARGEY laakeaeunsluiagisurgery, or for that

matter an &Fror i calcu ating or estimating the post surgery refractive error. Similarly, the optical
charactegigtias afdbePiupay)be varied over time to compensate for changes in the user's eye. For
example, if the user has a degenerative disease that affects a portion of the retina, then it is possible
to remotely [oaBGIEFIHD, ieptrtbebutettreatestibe nosentisldrs e ysein Ao patial o even change its
prismatic power in order to shift the image to a portion of the retina that.is ur%%gmaag%g. By way of

examplelesinetualgieonaelhedpas B A3 SHTHGE N Y RSy T THETeMAinng undamaged

portion of the retina with the highest concentration of rec IS,6hanags-cap be accomplished
post-surGiEaFARd TR RERKP trﬁggﬁﬁllegn{vﬁ %ﬁ%ﬁﬁdﬁ%‘gﬁ%élﬁg%%%‘?&%%g%] Fifth, electrical control

creates the patential forthe Ser 0. AW ARt YsREIRBHRIbIS eamirel thadgass. For example,

contractions of the muscular ciliary body can be measured by an piezoelectric element (as a strain

gauge), afigriheg wenliactanacRmienysrilinetbashy pigntesl defuigieteciddiiopaldiust the focus of
the IOL, similar to the way the cBiary body would focus the natural crystalline lens b{ physical

deformatinthediciticioatyconltHeomnitpliefde tlensitgl sigrab sy Byrafbedran K55 directly from the
brain. Recent development with artificial limbs use this technique.
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.
{00381 Seventh, there are many types of electro-active element configurations. These
configurations include: pixelated (typically a two dimensional array of pixels similar to a

Jiguid crystal monitor on a computer), rotationally symmetric pixelated (for example, a set of

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



[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 diffractive lenses may use concentric ring shaped
electrodetiffeagitoiisasanmatifia ctveenacrpa o tlepapderd rraedigithe fBRsHVFlARUL physically
machining, molding or etching diffractive elements into the surface of the lens. [0039] The

electro-aPHer SEMERYIRgIHIGE ASBarken SRR R SRH P hUPR G SHATREC 588 the conventional

lens may,provide a bas r.e[r Btive ower,. The electro-active element may be used in combination
. ; ﬁ!% ct.w? elements into the sur%ce of the i?as. .
with a diffractive Tens having a machined, molded, or etched surface or geometry. The electro-active

element ma(cf)@@gmg R AYMDRR UM, SRR0E R S AiEgRLMERISMAREMIR IBgACh may
ere

perform a di nt function. For example, the first elecho-active element may provide focus, and the

second raaY:BHONIE Sl NB I BRYESS R B8 baleaifiaalve gonitn| et apetivractvihe second could
cause a prismatic shift of the image to the healthy area of a retina of a deceased eye.. [0040] Eighth,
as discusseteabowg pitis:( Ossipibitataie etifcalifiregiivcdensdryiog theadptiedl fankiednerof a natural eye:
tinting may replace or augment the light reducing effect of the contraction of the iris, focusing may

replace tHERsERNEIGSTIPAREBH oTtiﬁélwgt%ﬂﬁYf’eelé%Pfé‘ﬁEﬂ?g‘%ﬁ@ﬁﬁ%ﬁ@%ﬁmmgarnay replace
movement of the e%eball, and so forth. Amo othf?%actorﬁiﬁhe rtesent inyention addresses:
positionifGFARE FSETERERG P HBREL S ﬁ%?gj")?ér]beg?ﬁ% SR pdWer Generation, contror. steering of the line
of site to g tﬁ&&eéﬁ@ur&%gve%{emsn@m%@awy Iaiacue REWEY Aing: R¥GiAVGReRting or

replacing the accommodative power of the crystalline lens, remote tlining post surgery of the

electro-agiive 401n eIEHARGCOMBSIERSpHAN0GIRR RoMel ahlbe it SntHesRitebigothidocation of the
focus on the retina of the IOL.  [004l1] Figure 1 displays the major anatomical components of a human

eye. Theimaioteathateaiicpice viportnitbackecomdrytva 110, ciliary body 112, iris 114, aqueous
humor 116, pupil 118, anterior chamber 120, crystalline lens 122" cornea 124, extraocular muscles

126, sclera 1980} Feht solispussefrhoiealn s potsitle Relerrionty renlace Py AHDRARGGE humor 138.

A oG e e i ey Tt o agnene IR G ey es
contraction of the iris, focusing may replace the natural deformation of the crysialline lens,
focusing and prismatic shifting may replace movement of the eyeball, and so forthh. Among
other factors, the present invention addresses: positioning the YOL, energy storage, energy
recharging, power generation, control, steering of the line of site to a targeted region of the
retina altering the refractive power of the eye, augmenting or replacing the accomanodative
power of the crys;taﬂine 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 om the retina
of the IOL.

[0041] Figure 1 displays the major anatomical components of a human eye. T he major

anatomical components are: conjunctiva 110, ciliary body 112, iris 114, aqueous bhumor 116,
pupil 118, anterior chamber 120, crystalling lens 122, cornea 124, extraocular muscles 126,

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



such as horses or dogs. [0042] As background, the optical components of the eye will be described
in detail. Light entering the eye first enters the cornea 124. The cornea 124 is transparent and_
provides about 40 diopters of the approximately 60 diopters total refractive power of the eye. Light
then passes through the pupil 118. The pupil 118 is an aperture, and is variable in diameter from 1
mm to at least 8 mm. This gives an aperture range in excess of f2042.5, and. a ratio of 32:1 for the
amount of light permitted to enter the eye. The iris 114 serves as an adjustable diaphragm creating a
pupil 118. The light then passes through the crystalline lens 122, Tl}e crystalline lens 122 is a
transparki®, dibapehAdMEnaEe iMASCBEWS: Wi ik FE RIS EQ E?F%’ﬁ?ﬁ 3?8%;?31 & Eiary body 112.
The crystalline lens 122 contributes about 17 diopters to the total refractive power. of a relaxed eye.
The refrgéives BS%@PBF‘?&% crystalline lens 122 may be altered by contractions of the ciliary muscles in

the ciliary bg 12 ich deform the ¢ | ltek. i fraetyegipower. The light then
R R A a el sl st o alesinsgiaaiiaroner, T

passes thr amor ally contacts the retina 136. The retina 136 is the

sensory gy ahiausy o ihe ueball oA makbe.somsiioiatane® suigrarthol e kitn, and i

connecte e brain through the optic nerve 134. Near the center of the retina 136, the macula lutea
132 coniainis goabpak Eaien i bighasiioubdsen sitivity foaitve ghedovkéeyraibishfoveola (see
Figure 7) with a diameter of approximately 0.4 mm where the visual resolution is the highest. The
small diaheetpsafstibeohghdnl pugibhts ofterpiiddh & wh jparBispds ArEaNR R CAEMcted with great
accuracy to achieve good vision.é{%{)%] Thus, the human eye has &\gjlﬁsg%gl%gi%ﬁ%r{agm (iris 114)
and an dapusionie fefdrantd BB SRSy B8EP LIRS orming the crystalline lens 124).

sl S Sl AL g st ag b s beveer
and the grystalline lens, 122,91 2 fapiRgRMENb I erisalingdansd 82s 122. The
crystalline lens 122 is a transparent, encapsulated, biconvex body which is attached
circumferentially to the ciliary body 112. The crystalline lens 122 contributes about 17
diopters to the total refractive power of relaxed eve. The refractive power of the crystalline
lens 122 may be altered by contractions of the ciliary muscles in the ciliary body 112, which
| deform the crystalline lens 122 and alter its refractive power. The light then passes through
the vitreous humor 138 and finally contacts the retina 136. The retina 136 is the senasory
neural layer of the eyeball and ma5} be considered as an outgrowtli of the brain, and is
connected to the brain through the optic nerve 134, Near the center of the retina 136, the
macula lutea 132 contains a central region of highest visual sensitivity called the fowvea
centralis or foveola (see Figure 7) with a diameter of approximately 0.4 mm where the visnal
resolution is the highest. The smail diameter of the foveola is one of the reasons why the
optical axes must be directed with great accuracy to achieve go_od 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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[0045] Generally, if the crystalline lens is diseased or damaged, then an IOL may be used to replace
the crystalline lens. This IOL replacement for the crystalline lens may be accommodative, or
non-accomodative. Replacing the crystalline lens allows the IOL to be conveniently positioned inside
of a clear bag-like capsule that previously held the natural crystalline lens, and also allows the
possibility of retaining some variable focus capability through interaction with the muscular ciliary body
which circumferentially surrounds the clear bag-like capsule. In other cases, the IOL is placed extra

capsulary (without the bag-like capsule). [0046] However, if the crystal(leig‘le t{_Lens is still functional, then
it may behjriefe rebisantheare Heand hammeaibipg enl 2t Bl A6 MEd 8% ectro-active 10L into

either the posterior chamber or the anterior chamber 120 of the eye, or into the corneal tissue similar
to the Swsirtbirs@et@orneal Inlay (SDCI) discussed above. In these embodiments, the
electro-active 1QL could, by.

clectio-aciye IQI gould, b2y o1 SXAMRIE Q. ARYKABRLES Bl ipEaliscidor conventonal

rhon-conventional refractive errors, create a prismatic image shifting effect

that moyes, the location of fagus.t.a healiNar ApRqhdhersetinaraniadibestiniy as opposed to

replacintés?ﬁe ogﬂca poweér of the otherwise healthy crystalline lens. [0047] Conventional refractive

error is defipadasReSridNasdaiomayegiRepyprEhiscyasbimepias sirwsabniSLdstymatism.
Non-conventional (or higher order) refractive errors are defined as all other refractive errors or
aberratiens/hiahsapesiiohaebnvidatidnatsfragtike eapsirle tuoasfioHshi ARy tetuitle electro-active 10L
may be used during cataract surgery when the existing crystalline %51%133 defeacbtﬁ\{% In this case, the

electro-aryprallitslans 2ad @l plloss HeatrErEm sl e S & G RN s, and may
provide a range of electroactive optical cqtrection includin ' - §on-conventional
R S BN S BT P el e el

refracti Factve power ake up for the lost optical power resulting

from the femoval,of the. Grvstalline Jegs. i 30O Rleclipsaely @i eRRAUQNTECLr the abilty to
accomniogate withou any movement, translation or change in its surface geometry. This is
accomp@;&q@ep_y localized programmed changes in the index of refraction of the electro- active 10L.
[0046] However, if the crystalline lens is still functional, then it may be preferable to
leave the crystalline lens undisturbed and to place the electro-active IOL into either the
posterior chamber or the anterior chamber 120 of the eye, or into the comeal tissue similar to
the Small Diameter Corneal Iniay (SDCI) discussed above. In these embodiments, the
electro-active IOL could, by way of example only, provide optical power to correct for
conventional refractive errors, correct for non-conpventional refraciive errots, create 2
prismatic image shifting effect that moves the location of focus to a bealthier area of the
retina, and add a tint, as opposed to replacing the optical power of the otherwise healthy
crystalline lens.
[0047] Conventional refrac@ve 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 exrors or aberrations which are not conventional refractive
rTOr.

[0048] In many cases, the electro-active JOL 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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[0049] The most common and advanced cataract surgery technique is phacoemulsification or "phaco.”
The surgeon first makes a small incision at the edge of the cornea and then creates an opening in the
membrane that surrounds the cataract-damaged lens. This thin membrane is called the capsule. Next,
a small ultrasonic probe is inserted through the opening in the cornea and capsule. The probe's
vibrating tip breaks up or "emulsifies" the cloudy lens into tiny fragments that are suctioned out of the
capsule by an attachment on the probe tip. After the lens is completely removed, the probe is
withdrawn leaving only the clear (now empty) bag-like capsule, which may act as support for the
intraoclprdenhd rBh)ved 0eBOf Rrattiopulsiitiatdenal e Rratte aigess 8 B&°B_rformed through a
very small incision in the cornea. Stitches are seldom needed to close this }i@é/e%r&trsynghich means
that thesetiieelepticdlsounsiom DSl SoRRRFEERRA ARYPYRIBH IR ER I OtHET SUFgical techniques. Small

incisions generally do not change the cyrvature of the co uplike Jaraer dagisins that were
require VRS SRO¥IEIFRIV R RAKTG (REY ;P’ riﬁgcﬁl?osﬁgpgﬁée rapid r%%rabilitation of vision and

possibly ess depenience o1 (IRSSES, (80l ABIANSR VA0 JAGLAles 9pIaiaof he
Imc

cataractsfiM é’ ens, an artificial intraocular lens (la.) may be implanted. The IOL may be produced

from sog) acty &%ﬁ{ﬁl%ﬂ&@lgﬁ)ﬁ@%ﬁﬂjﬁgﬁ&ad@& oray e aisl et facetbaymesry.bENmplanted with a

?
small injector, which uses the same incision through which the phaco probe was inserted at the
beginning,edheiaasuteailsdpeiinindinhiapted: ihriagesobifmetion B HIBRIEHE anchor itself
behind the eye's pupil over the remaining clear capsule. The IOL(s) to be implanted may be selected
based oggpeiei calculations made before surgery. In the case of the present invention, the
electroactive IOL may also be selected based on the range of electra-active correction required, the

type of anyl68H8} Fhe e RBEESH § TGS S AR N AShe S A HEedE of the patient [0052] In most

cases, the electro-actiye element wayld contri icall S RieRtespnt 24 Biapters, +3.0
Diopteré?lﬁFqg\??ﬁglﬁ‘thb%% crﬁph gf)%'ca p%s\;/l\;I .%%é%%{a%{s%glgné%%lrtion (which the gr?ectro-active element is

in opticagoc;ggg%]%migg,t%&gm CRRtbHEemGEk: Enelatisehidhatapprdxinagtdly 17 Diopters
normally provided by the crystalline lens, would be measured and selected prior to surgery. However,
unlike a gpoveRiional Fibrar Rledledaniivep@. Hiotys fonlerioeoninimgbsfiineptidal power (for
example, in case the calculations made prior to surgery are not optimum after surgery). [0053]
Figures oagtdtBBoienteietmo@icasubenpiio (thasreheli s ipedR BEEH 8R! the invention.
Figure 2A displays a front view of the IOL assemglggl WhiCh.incelg%%%D %'?%EQI@B{J\AE lens element
218 pow'sredsiios"tHimcarBIsRIR ey dBpR R HsA AT S48 Srranged arolind thé perimeter of the

electro-active lens element 218. T, e RlOIA0e CAPACHG.&L BhiSyrb siedibaiezoelectric film
212. Théﬁ@%ﬁ%@ﬁ%ﬁﬁﬁ?&lﬁp@(ﬁfﬁg%ﬁs chg%ge&gga result of mechanical forces applied by the

ciliary bqg¥ Mg%%m%ﬁ%ﬁmma%@gsﬁimm@ tecthesoibipoyt imdyeby a ciliary body

attachment ta
intraccular lens (IOL).

[0050]. Phacoemulsification allows cataract surgery to be performed through a very small
incision in the comea. 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 com.ea (unlike larger incisions
that were required with older surgical techniques). Small incisions for more rapid
rehabilitation of vision and possibly less depéndence 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 2 small injector, which uses the
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[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 lens element 218 and any related control circuitry (not
shown). Typically the electro-active lens element 218 requires approximately 1.0 to 5.0 volts, with a
preferred range of 1.5 to 2.5 volts. These relatively low voltages decrence the risk involved with
surgical placamesnt e leciica de\ptaso plOBSHRT hsestert ot the hesinaieedihe 8P hiezoelectric film
212 under tension or compression may be used as a gauge to _determi_ne#ge desiredﬁviewing distance,
and maysheeIodditaniplentsdhis miydhro2Hetrd lenslotd gad prehpblia BeRIRGRY 682t Xhhstinctively and
automatically control the focus of the electro-active IOl 20Q using th rciliary body. The
contractivarshofreneainins g Cantls WMB%BW&%%% %ﬁé%%ej%g%i%é%ﬁ%ne lens by physically
deforming it. Using the electro-active IOL 200 the instipgtiv ; tigq&ortiactions of the
muscuIWWRFMMW%%@&H?@P&U%& %ﬁﬁig&% ics of %%é%{i%%belectric film 212, and these
electrical chappges, ay e, MANNOI RO BrRIRGSSR0 FUsgasaialerconapiereguiadttp (not shown) and
y, variably

used to®8fE&rical ocus the electro-active 10L 200. Alternatively, the piezoelectric film 212

may_be%fgf%ggﬁ&h@lsoa%@@&@rﬁemm widiehyceejativecdtariitios aetiedt-OL 200 would be
provided Wwith a different source of power. [0056] In some embodiments, the piezoelectric film may

be attachegopgymiasentiadl thiiectitieastivodipmyntunipicartabhmFACElS G RS two) in order to
take advantage of the natural circumferential contraction and expa%lsigaps Olfe }Qe ésr%r]&)unding ciliary
body. JOOSTM@eo3REHONHS ahdiors DIPHERP TR T Lia i 28 fhe &BCtro-active lens in the

desired location. For example, a lens anchor 214 may be used 1o centarthe elastramactive lens inside
of the cApbisietBe G%W‘W%mﬁﬁe%iBﬁt’ﬁ?zrlr%%'ﬁ{/nhc/%lﬁ?gﬁgd 1tt*hce natural crystalline lens (creating an

intracapsular Ig% elger?gﬁ%}/ﬁ%@eﬂfﬁcﬁﬂﬁg96%1%¥@MU9WMH&EWMC@ directly, and
C

thus be DA e capsule (creating an extracapsular IOL).
be measured and selected prior to surgery. However, unlike a conventional IOL, an electro-

active TOL allows for remote tuning of its optical power (for example, in case the calculations
made prior to surgery are not optirnnm afier surgery).

[0053] Figures 2A and 2B illustrate an TOL. assembly 200 according to an embodiment of
the invention. Figure 2A displays a front view of the FOL assembly, which includes an
electro-active lens element 218 powered by a thin, annular charge storage capacitor 216
arranged around the perimeter of the electro-active lens element 218. 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 atiempts 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 eleciricity 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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[0058) Multiple lens anchors 214 may be used. For example, 3 or 4 lens anchors 214 may be used.
The lens anchors 214 may have different shapes, customized to the specific application. [0059) An
optional base lens 252 may provide a base refractive power using a conventional lens configuration,
and may be equivalent in refractive power to the crystalline lens when no accommodation is needed.
The base lens 252 may also serve as a means of encapsulating the electro-active element in a
hermetically sealed enclosure that consists of a biocompatible material similar to those materials
currently used to make IOL,s, by way of example only, soft acrylic or solid medical-grade silicone.
[0060] Rigra 2R fisRlays & 5 ikexiewdiasiinirp awasiens chipiutydbewierEeeletroactive lens and
piezoelectric material as a power supply. Specifically, Figure 2B illustrates the_ optigpal base lens 252
which mpyssiksreunel thegiest ipmotivetend 8 eradricitsgahe Rﬁf&ﬁ%?ﬂ&%‘?ﬁ&é) 5°f£§d or base
refractive power. In a particular embodiment, the fixed or base, refractive power may be adapted to
focus theahge Hiesewiativtaronsvrltages frematee ths Sy BshEiE fsufﬁlgg'ﬁ\%%cﬁngnot er embodiment,
the fixed or base lens may be adapted to focus the eye at far distances when the electro-active
elementslsHielide’ e optional base lens 252 may have multiple focal points, and/or may be tinted.

[0061] Other ﬁggﬂﬁﬁgﬁ &%Qggfgh@fﬁ te'{l‘&i}s'ﬁgf tﬁQl@Eﬁﬂ&éﬁ%ﬁiﬂ?z%ﬁwmmrﬁuctive charging, laser,

thermo-eledf rnessing the mechanical energy from blinking. The capacitor 216 (or optionally,

a battery) ma gﬁ!%q[ A ' ith-Adainef apecialigidssds(@pestaiesysthat may also
remotelygﬁf?ﬁ%%%ﬁre e eﬁ%gﬁﬁﬁggﬁile the battery is being recharged. The special glasses may
also be cRpfigiaddapepdice siencaarfmtion whisiie foathe npes issiFHELY 78H62] In some
embodiments, the capacitor 216 in the electro-active IOL 200 may be charged withbadss)pecial pillow
that has meprigediyaogechine SoinooighewlrraaienQhRg0 ving PG TRATRIE B USed to charge the

batteries inside the electro-active IOL 200 at night whi e patien SHERIATY arrangement
of this tyﬂéﬁ@%&@?&t@d’fﬁhﬁﬁ‘ﬁﬁé%ﬁwm@é’%Tg‘&?gél@ %u%aoﬁeég%g?? Eiglg%v% A power conditioning

Z'éjcf Sli Iti g;%E%%%@%ﬁ%%%%ﬁ%%ﬁ@%%%%&ﬁ%rﬁiﬁ Ropleieusladordanapanencharging and to
contractions of the muscular ciliary body will change the electrical charactexistics of the
piczoelectric film 212, and these electrical changes may be monitored by a processor
disposed, for example, on a chip (not shown) and used to electrically, variably focus the
electro-active IOL 200. Alternatively, the piezoelectric film 212 may be used solely as a
gange for focusing, in which case, the electro-active IOL 200 would be provided with a
different source of power.

[0056] In some embodiments, the piezoelectric film may be attached circumferentially 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 {o center the electro-active
lehs inside of the capsule or “bag” or membrane which formerly contained the naiural

crystalline lens {creating an intracapsular TOL). Alternately, the lens archox 214 may be

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

extracapsular JOL,).
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[0063] Alternately, the electro-active IOL may not have a capacitor 216 or battery, but may be
constantly powered conductively by an externally located battery, or may be constantly powered
inductively by an externally located inductively coupled power supply, or solar cell, or solar cell
coupled to a properly tuned laser, or a thermal-electric power supply that generates electricity by
dumping body heat (typically 98 degrees F) into the relatively cool ambient air (typically 70 degrees F).
[0064] Figures 3A and 3B display an intraocular lens system 300 having a diffractive electro-active
lens element 326 and a rechargeable battery ring 324. Figure 3A provides a front view of the
diffractivejglegiacivesesariameuias, saidddiffactiveriphsidehisns cantee dltfer electrically
diffractive with circular concentric electrodes, or mechanically diffractive wjth etct}_ed surfaces that are

activatedyseateitaliprsontaditet2y ineicersaliEiargtappeniSusiattrmi§AMicROR

‘bnnected by power
connections 322 to the rechargeable battery ring 324. Lens anchors 314 may be used to stabilize and
positiokpplicalifffractive electroactive lens element 326 in the desired location and orientation. The

rechargeable battery ring 324 ma powered. with a ¢ itoL shnilag tethat of intraocular lens
system 2(5@03?]%&%%"%% gﬁﬁ% rher, the lreech‘z:—i%r”z]ee%[?b eﬁbat ery 324 Irltr%]ay be shaped differently
and 'OCat%Qa%%i of 8&&9%%9 the dens,ARARr Ak Ancks domavrciryayfitimcthe optical

B dis

elemefits: ’ﬁgure plays a side view of the intraocular lens 300. Specifically, Figure 3B
illustrajes. an onticnalhassdans 3orcakiciTis sistiRniaihmipalsdens2820fthasiofraocular lens

system 200 of Figures 2A and 213. This base lens 352 may have a base or fixed optical power, or
may haye:paemticalpmarcant maetelystive sreprals stvedasiene ol 5ot o ®066] Figures 4A
and 4B display an intraocular lens system 400 having a pixelated electro-active lens element 430 and
a rechaigeaipetibiterprinlgsirpiartiies gl SURYH i }Cbé :Eé’dw 3I"éélfro-active lens
element 430, which is connected by power,conpections 422 to the rechargeable battery ring 424. Lens
anchorexamaleealy potaghy 15 SEshd 18‘%‘55? |%rsf}['ﬁ8n8'|ffractive electro-active lens element 430 in the

desired locatian and orientati r S0 fishmeN heipaweredrtn the same ways
AP gl ale o -

as capacitor igur Figure 4B displays a side view of the intraocular lens 400
showing.the Qmée[ggzgé%cw{&iﬁm&ﬁimgla@wﬁae@@ge Rnstrdfiyt B peay i dlesitotliments.  [0068]

Figure 5 displays an external power supply 500 for use in charging the internal power supply of IOLs
according é@@ﬁmwmcﬁrmm@fm eEntohs ﬂpqh@m}ens element 218 and which

may provide a fixed or base refractive power. Ina particular embodiment, the fixed or base

tefractive power may be adapted to focus the eye at near distances when the: electro-active

élement is inactive. In another embodiment, the fixed or base lens may be adapted to focus

the eye at far distances when the electro-active element is inactive. The optional base lens

252 may have multiple focal points, and/or may be tinted.

[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 optiomally, 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 confignred to provide vision correction
while the battery is recharging.

[0062] In some embodiments, 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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supply 500, a power conditioner 532 is electrically connected to a wall outlet 530. The power
conditioner 532 is connected to light gauge wire induction coils 534 inside of a pillow 536 for
inductively charging a capacitor or battery of a rechargeable electro-active IOL. The power 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 headrgss, pitatback brothesdd tatoree ibe bateresinddsshestesranstie QLR e Fl‘gﬁﬂ for a sufficient

period of time. [0069] Figure 6 displays an intraocular lens asseFriHbI}/ %9 1‘{1\’%‘ an glgg&ro-active lens
element¢il8 ¢ pakitrb SleRRs- 64D A TR S BN RA A Wi leSs prograrming unit 660,

The wireless programming unit 660 is configured to communicate with the controlehip 640 through
radio watBL=AiRETSIaH \J/I&A%f‘?g %ﬁi&?éd%g Dy Eﬁgnf%%r?fagl tgnna 642 which communicates with the

conirol chjp 040, The 5apliol £h1B GA0MAY e sy ogd dhiarigadinuise wédaey radio waves.
Such tunlnggmay include setting or adjusting the optical characteristics of the electro-active lens
element818  Thescontal£i:640 controls the electro-active lens element 618, and may have
hi-directional communication with the wireless programming unit 660. For example, the control chip
640 may beooesfigleshte v ihe dearviaiesIQiogranutiing asArBETHA6HRE 13§FBAHPBDA voltage is low.
Alternately, programming communication with the control chip 640 may be through a laser (light

waves), imstbacoostngivesed sondigtely b roprtaRalinlarass PRI S8¥Eht 618 may be

connected by power connections 622 to a rechargeable Qattery rin é ifor (not shown),
and maypPEerEgew s mfnehy i 8?‘%9“%@@2%%% ctlrjlng ueﬁ%‘?n & nct(s%Til 61s ?n% %ﬁ%@gaérscri bed

embOdim%ﬂgs' 3} 100, %ﬁ@eﬁ%‘?ﬁ%}‘%&’f@%ﬁiﬁtuﬁ@ RUesIipRRIMIdRE Y Hhealeehasactive IOL may

vary dep8 fi¥ 'Upon the needs of th tient and the desired results_ In some embodiments the
electro-aglive RISRCDEMM: P BYRIPHIGCEF 1RGH 0P lealR o8 dyppia. Hnisontiteeiidaiments, the
electo-active IOL may provide remote fine tuned conventional correction. In some embodiments, the
electo-aghiye:iidleinaly @ypidsls Mokereosddr (non-conventional) aberration corrections, by way of
example only, coma, spherical aberration, trefoil, and other higher order abefratigns. In some

embodimeriGo64d Biuaod Acide Bidnntaan ayrarsalaidras ISP OR bR BE ARG 8 n the retina, by

way of creating a prismatic shift of the image electronjcally. n.correcti .higher orders
aberraticHeEaclr e ST B S ?ﬁ%‘ﬁja?iﬁcg%f?%%éveh%}tée el V\ée?gsé }gl(%g%ga%té%%g%%ﬁéggetina, the

electro-aeiue JO Fiar tlize, A R ARl udhpsmRtasbiiuatde fmagpisieniselul in

patients %riﬁ!ge‘gon ions, by way of example only, macula degeneration of the retina (which may

include glterfiong in:coly  Sadasinansecanspesiiategensidiionr aiditmniadiyla lutea), macula holes,
retinal tears, and neurological abnormalities that cause scotomas or a loss of vision in particular

segt-nendg@idine vistatqathundséstieh as dolivdtot deskicabiotbysenscliafbor s A urred vision).
It should be pointed out that in each of the use embodiments above, the inventi ﬁgﬁgcrrj?-active TOL

\Y
can be tunédiempeipostittiaprecidst IRE B SaRIASATEREc QErEE 2%

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
Figﬁres 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 fens 352, which is similar to the base lens 252 of the intraocular
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[0072] Figure 7A illustrates an image of a healthy retina with a healthy fovea 720 and healthy macula
710. Figure TB illustrates an area of the macula 730 that has been damaged by "wet" macular
degeneration, usually caused by bleeding from behind the retina that moves across membrane of the
retina. Figure 7C illustrates an area of the macula 740 that has been damaged by "dry" macula
degeneration, which is caused by the build-up of chosen on the retina in the area of the macula. By
moving the image to another location on the rttina, vision can be improved for people suffering from
macular degeneration. An image location change of 0.25 inn to 3.00 nun may make a major
improveenesyirmAGaliEigndn2hendai Fhisiedund st manEd RREOE BFSR52The preferred
range is 0.50 arm to 2.00 nun. [0073] Figure 8 illustrates th? le%cts %Lgigpg%: {r%{gﬁopathy on the
eye. AgeiwerhyrBaiBRTREP PRUISAL BERCD ATH R KT SETVRASE BFERS AT IO Some of the visual clarity

effects of this disease may be mitigated. [0074] Fi sshematically Ulusiaiea an embodiment
whereby el@&"?ggﬁﬂfg&lﬁfggl\%&%ﬁ{]&gﬁ% e%??cc)]é{gfg %n{{%/?%e stacked t(%bé prgduce any combination of

vertcal gnd.horiz001al cURplsRoME Al ADTRARORR el T g 0836 nmsiorzontal

electrode€ tised to produce vertical prismatic power. The second lens 920 has vertical electrodes used

to produgghorize piadiniksnatic Rerveneid Cepambioerens 8 30mamtdd bie misierto produce a
combination of vertical and horizontal image displacement. By changing the voltages on each

electrodg,andtiprokingatieskhigetinbaterasiph a2 -heappibom tidigwy deHsetitic powers nay be
produced by such a lens. Also, multiple lenses may be stacked tq prodyce | roer values of prismatic
1(5?% cation

power. Fhibiliznenhpofitrishrdidpeive cledonsd wrierarlcrmehiid s image  shift will vary
depending upon the extent of the disease. A preferred range of | e&;@gtdiss between 0.1 mm
and 30 %ﬂﬁﬂ%ﬂ?@%r%%ﬁ‘%ﬁgemyrﬁr%%%ﬁ%rﬁ V%fﬁ%i?g] Figu%% illustrates an

eIectro-activetéo;l@fpdrr)&iﬁgl communication with a nonelectro-active accommodative IOL. Element
1010 is SPE RS o-Active Iéns hat is in optical communication with non-electro-active accommodative

IOL elemenpd@AGmbotahatalemens 1elQend Hoae-are Imsptoahesiesitsdaweynsre not physically
touching each other. [0076] While much consideration has been given to powering an electro-active

lens, sonw elggtrashiveratebals ketenafibi ppticas pokediinetie absence of applied electricity (such
as by way of example only, a hi-stable liquid crystal). Usingﬁthese t)g)e of ellgctroacti e materials, the
|

prismatic p&oRss] dgurditierisyssubtripmeoBE R IRt T8 S HT IR TP

V&S The base optical

power of the IOL, and/or the higher order corrections could b %g&@il%% Vice is being powered,
and therPNUSEIRFPBIR QLT AFeline IR STRT & r%’mo&ggo‘? is 1rrgw\él%y negate the%%ed for recharging the

power sourc igbﬂje 101 /f the. patiets; vISION:chanGRa L S AwERSHHew: seoettiopotercould return to
the eye-é‘é%ﬁbro égsaoﬁg ?ﬁlae{%ave theIIOL a&justed to a new combination of prismatic and/or higher

order cogegiion..J ks Ghanasseayisshesaxtemalyndavieteshiiriist ey ideorexpitinies dhéoexternal power
may be RE energy similar to the way RFID tags work today, where the reading device provides the

power topAgcRIR degging uctyalijos othatteheoREIBhasgeaimeientn aiTS At REID reader.

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
nay alternatively be placed in a subject’s bedding or in a headrest, seatback or other iocation
fhat 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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[0077] In same manner as the RFID tags, a tuning instrument for changing the 10L power could
provide power to the controller on the electro-active I0L, so that the controller could change the
voltages on the electrodes of the I0L thus setting the localized index of refraction that determines the
optical properties of the ele,ctro-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 I0L that would then provide the temporary electrical power needed to adjust the optical
power of the electroactive TOL. This system may, alsg be used for communicatiqn,.in addition to

icat
supplyin§4Sofrersh o ypisesiRmaaifsraen armBigE: %HBI‘é%fgﬁéné?foa?&‘?%é:&gr‘livgq?&uid crystals have

been used in flexible low ¢ost LCD dis s..and sjmijlar. ria may.be %gngathe electroactive
elementsc%’fjﬁ’r?%ﬁs’f’#s 5 n(tﬁo%f: c??é:ﬂgﬂy'rg%fﬁg e%} %@St otag?\%se né%-foo?/vered) prismatic

scusimegl UGN SUOUAHY 6ol SR RESH HORSLLNGRSE afishabaaton corecon

may be .e., placed in optical series with) any accommodative non electro-active TOL that
corrects fprpieahyRINAsie bR AIEEHCACHkmele F18NTF o tidithn ¢iiaretditooptisal series with
non-electrical or non-powered TOLS, such as non electro-active TOLs that mechanically change their
optical paweldaychahgikaseleenttitcasdrfaydovivadiretand cmepicsivowithithe TOL in the eye.
[0080] The addition of the electro-active lens or electro-active elements may be accomplished in at
least threeizslasspimseaming s €@ faresamie thoronial B AL SRS SRAGRREATG optical

communication (optical series) with the non-electro-active accommo atin%TQLﬁitsiecond, an

electm-adiriktaSHTEEHREAPBURE PRY BRIST Hie DRSS F4A (R BRE LSS Abt ahange contour during
accommodation; and third, an electr -@gtig& J)?Eﬂﬁf'&iﬁ@(a_ﬁ)%e?ﬁ ﬂ{@iﬁ!&% Havares
non-eleci’rrcg’%cﬂve.nﬁ)%)gﬁl ]Eécra%%r?ﬁ) e, an efﬁectro-active e emen%ﬁc%uld be adg ed in the anterior
chamber;and H3e¢iB.8R1LRb $eNEs With an individual's functioning crystalline lens. In this case, the
crystmlline lens will provide natural accommodation, and the electro-active TOL may steer the

' [0070] The electro-active lens element 618 may be connected by power connections 622

to a rechargeable battery ring 624 or a capacitor (not shown), and may be charged by
induction coils or by piezoelectric elements as in previously described embodiments.

[0071] In some embodiments, the correction provided by the electro-active IOL may vary

" depending upon the needs of the patient and the desired results. In some embodiments the

electro-active element may only provide correction for presbyopia. In some emﬁodimcnts,
the electo-active I0L may provide remote fine tuned conventional correction. In some
embodiments, the electo-active IOL may provide higher order (non-conventional) 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
elecironically. 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 patienits 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 Iutea), macula holes, retinal tears, and
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image to a healthier part of the retina, or may tune the non-electroactive I0OL, or may correct for higher
order aberration. [0082] As noted above, in some embodiments, it may be a major advantage to tune
or adjust the electro-active TOL remotely. After inserting the electro-active TOL in the eye, the optical
power and the prismatic power can be fine-tuned remotely to accomplish the optimal vision correction
to correct for conventional refractive error, or higher order aberrations, or the precise lpcation of the
image on the retina. Further, the IOL could be tuned again at a Inter date to compensate for changes
in the eye over time, due to disease or aging. In cases of correcting solely for convgérlléional refractive

error, thesiselpeicat ghaoroplidist frREMNE? BRRIOBRRAATAJAHPOTHRRIR ARG S @b ctro-active

element may also perform any numbher qQf these fungti in.combination, as required by the patient's
condition%ﬁﬁ“ﬁﬂ‘?@ﬂ@&é’ﬁ A RHECEJAIE SRR R %%?oéné#.m[’ﬁ%%ﬂ g%%erﬁé"“e%ﬁ% iments, while an

electro-aciug RS MALPEHERNORLYAE yisionEataaionaw dessraduibagase invenion, the

electro-active lens may a e used to provide a sunglass or tinting effect electro-actively. By using

special ligyifl GhystaklavessefRthss: Slesirowhiaminapiekiala drecelretraactive IOL of the present

invention can reduce the amount of light that hits the retina when the light levels in the environment
become uncgofertriiydighilosraackddage bithdicaithyheidanitbrobeaityiovey @ ZDhedunglass effect
may be triggered automatically when a light sensor built into the 10L receives an intensity of light

beyond steakshreshild 1oy ElsuxtEiletiaisas argleibeareaiaa) BatdilssaFiamigtdly by the user

using a wireless communication device couple to the contrg] cir %he_IOL This electro-active

( ujtry J
sunglass BYfe¥ethaycsle drammtice sty srnsed nb},%ﬁ’ﬁﬁﬁ%%‘?hlg& %W%W%%ﬁgon time of

seeoncs g Sl Pl D LN o fones Ore Fecor
~example, &)aaa@.’& W‘Jﬁy’eﬁﬁéﬁg M&§%W(ﬁ?ﬁ%ﬁe@ﬂ9$ﬁ&%‘ﬂ§up of dusen on the

retina in the area of the macula. By moving the image fo another location on the re-ting,

vision can be iraproved for people suffering from macular degeneration. An image: location

change of 0.25 mm to 3.00 ym may make a major improvement in one’s vision in the case of

a diseased or damaged macula or retina. The preferred range is 0.50 mm to 2.00 mom.

[0073] Figure 8 illustrates the effects of diabetic retinopathy on the eye. Again, by
redirecting the image on the retina with a prismatic IOL, some of the visual clarity effects of
this disease may be mitigated. |

[0074] Figure 9 schematically illustrates an embodiment whereby electro-active lenses
with linear electrodes may be stacked to produce any combination of vertical and horizontal
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 connbination
of vertical and borizontal image displacement, By changing the voltages on each electrode
and invoking a technique known as phase-wrapping, a varety of prismatic powers xnay 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

19



[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 distance when looking straight),
or may be controlled remotely by the user using a wireless communication device. [0085] There are a
number of electro-chromic materials. One type consists of transparent outside layers of electrically
conductive film that has inner layers which allow the exchange of ions. When a voltage is applied
across the outer conductive layers, ions move from one inner layer to another, causing a change in
tinting of the electro chromic material. Reversing the voltage causes the layer to become clear again.
The elegtia-gphitontic daymidingandnaive sxieiioltiifisersm Srmiteiamess! sangn gidPa#ation, from about 5 to 80
percent. This type of electro chromic glazing has "memory" and%%oes not ?f(?d constant voltage after
e

the chamgpdraenbisdetiverafebimm aad-Oirua e AR BIIER Yl MaldRBths, such as infrared

(heat) energy. [0086] Another electro-chrornic nolo sgall%d. rticle display
(SPD). Thif‘%ﬁbﬁﬁ%h‘?ﬂhﬁ%ﬁéﬂﬁ]ﬁtﬁﬁﬁ%‘éeﬁéjs’ﬁgﬁg%% ?n%&ﬁ#?%%%%?v%[gr%the plates of glass.

in their natucal siate, the parides sove andemiand: sallde.Bioc asncliesipassage o light

When s tﬁ"éa"%ﬁ’?ﬁ%‘:’p s align rapidly and the glazing becomes transparent. This type of
SWitChanf%&kﬁEi%smﬂ%ﬁa%a&% Q0-oars&Nt e fightkldiendinIil dhysttianas been used to
e

provide electro-chromic effects in sunglasses. [0087] The systems and methods, as disclosed herein,

are diregiggldadhe orablaoms siatedptibalerias telihag ater prytitalisiehelizg 635ke@8At in conventional

techniques. Any description of various products, methods, or apparatus and their attendant

disadvantageay 6 edriladuch trestBasion besbrert givenioapernden e WA & ied to limit the scope

of the invention, or to imply that invention des nqt include soge or a¥ of ihﬁ vlariou lements of known
SR LCaie

productssomelRsio-AFa FRAHIAS SRR RS FOPRISH BIVETHE R BSR4 i

s embodiments of the

IvenioR R AT EAIP G Byl A L e o oaucts, mathods, and.

apparatua%&@eorﬁﬁéﬂm, ﬁ{e%ﬂ%ﬁﬁ- power, an additive or subtractive power that is additive or
subractive to the base optical power of the IOL, and/or the higher order cotrections could be
set while the device is being powered, and then would remain set after the power is removed.
This may negate the need for recharging the power source in the JOL. If the patient’s vision
changes and requires new correction, he could refum to the eye-care professional and have
the JOL adjusted to a new combination of prismatic and/or higher order correction. The
changes could be externally powered remotely. For example, the external power may be RF
energy similar to the way RFID tags work today, where the reading device provides the
power to the RFID tag inductively so that the REID can transmit it’s information to the RFID
reader.

[0077] In same manner as the RFID tags, a tuning instrument for changing the JOL power
could provide power to the controller on the electro-active 0L, so that the controller could
change the voltages on the electrodes of the IOL thus setting the localized index of refraction
that deterrines the optical properties of the electro-active FOL.

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

eye-safe laser info the eye and onto a photocell built into the electro-active IOL that would
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What. is Clal_mec_i: 1. Eyewear comprising: a frame; and an electronic docking station wherein the
doqklng statloq is configured to provide power to a docked electrical component. 2. +he eyewear of
claim 1, wherein an electrical component docked into the docking station further provides audio. 3
The eyewear of claim 1, wherein an electrical component docked into the docking station furthe.r .
prox_/ldes video. 4. The eyewear of claim 1, wherein an electrical component docked into the docking
station further provides a power source. 5. The eyewear of claim 1, wherein the docking station is

configured to connect with a power charger.
then provide the temporary electrical power needed to adjust the optical power of the electro-
active JOL. This system may also be used for communication, in addition to supplying
power.

[0079] Bi-stable twisted nematic, cholesteric and ferroelectric liguid crystals have been
used in flexible low cost LCD displays, and similar materials may be used in the electro-
gctive elements of an TOL. This type of electrically adjusted (but otherwise non-powered)
prismatic adjustment , additive or subtractive, for retinal disease tuning or higher order
aberration comection may be added to (i.e., placed in optical series with) any accommodative
non electro-active IOL that corrects for presbyopia. For example, eleciro-active elements
could be placed in optical seties with non-electrical or non-powered IOLs, such as non
electro-active IOLs that mechanically change their optical power by changing one or more
surface curvatures and/or the position of the IOL in the eye.

[0080} Thé addition of the electro-active lens ot electro-active elements may bé
accomplished in at least three ways: first, a separate electro-active IOL may be placed in
non-touching optical corsmunication (optical series) with the non-electro-active
accommodating IOL; second, an electro-active element can be built into one of the IOL's
surfaces that does not change contour during accommodation: and thixd, an electro-active
element may be placed inside of a layered non-¢lectro-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 I0OL, or may correct
for higher order aberration.

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

adjust the electro-active JOL remotely. After inserting the electro-active IOL in the eye, the
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6. The eyewear of claim 1, wherein the docked electrical device is configured to connect with a power
charger. 7. The eyewear of claim 1, wherein the docking station is located on the frame. 8. The
eyewear of claim 1, wherein the docking station is located on a temple of the frame. 9. The eyewear
of clalm 1, wherein the electrical component comprises a transceiver. 10. The eyewear of claim 1
wherein the electrical component comprises a MP3 player. 25 11. The eyewear of claim 1 wheréin
the electrical component comprises a radio. 12. The eyewear of claim 1, wherein the electri’cal
component comprises a cell phone. 13. The eyewear of claim 1, wherein the electrical component

ggmpri@@ﬁ@\ﬁde@fpl&yﬁe.p%niﬁﬁemmmmrbofmmﬁ whetelntepscorpebisk AceRtiBHent comprises a
mera.

vision correction to correct for conventional refractive error, or higher order aberrations , or
the precise location of the image on the retina. Further, the IOL could be tuned again at a
later date to compensate for changes in the eye over time, due to disease or aging. In cases of
correcting solely for conventional refractive error, the electro-active JOL could either utilize
diffraction or pixelation or both. The electro-active element may also perform any sumber of
these functions in combination, as required by the patient’s conditions and at the discretion of
the eye care professional.

[0083] In some embodiments, while an electro-active lens may be used to provide vision
correction as described in the present invention, the electro-active lens may also be used to
provide a sunglass or tinting effect electro-actively. By using special liquid crystal layers or
other electro-chromic materials, the electro-active IOL. of the present invention can reduce
the amount of light that hits the retina when the light levels in the environment become
uncomfortably high, or reach a level that can be dangerous to the eye. The sunglass effect
may be triggered automatically when a light sensor built into the IOL receives an intenssity of
light beyond some threshold level. Alternately, the sunglass effect may be switched rexnotely
by the user using a wireless communication device couple to the control circuitry in the: IOL.
This slectro-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 js the thinness of the liquid erystal layer. For example, a 5 micron Jayer of liguid
crystal may react in nilliseconds.

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

antomatically by using a range finder, or a tilt meter (near distance when looking down, far
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15. The eyewear of claim 1, further comprising a light. 16. The eyewear of claim 15, wherein the light
is an LED. 17. The eyewear of claim 1, further comprising a lens, wherein the lens is at least one of:
conventional, electro-active, electro-chromic, electro-fluid, electro-mechanical, and optically variable.
18. The eyewear of claim 2, wherein the audio is provided to the wearer by way of an earbud. 19. The
eyewear of claim 18, wherein the earbud is affixed to audio cable and wherein the audio cable is
contained within on a spring loaded spool. 20. The eyewear of claim 1, further comprising a heads up
display. 21. The eyewear of claim 20, wherein the heads up display is a partial VGA. 22. The
eyeweais@inctoWhed (ookingreinisht), keadsyls d@s@d}eitraﬂmtbl\YMh%ﬁfﬂFﬁéné)?éWéﬁﬁ%f claim 20,
wherein the heads up display is monocular. 24. The eyewear of claim 20, wherein the heads up
displaycisbimesskion 8éice.
[0085] There are a number of electro-chromic materials. One type consists of transparent
outside layers of electrically conductive film that has inner Jayers which allow the exchange
of ions. When a voltage is applied across the outer conductive layers, ions move from one
inner layer to another, causing a change in tinting of the electro chromic material. Reversing
the voltage canses the layer to become clear again. The electro-chromic layers can have
variable light transmittance durin g operation, from about 5 to 80 percent. This type of electro
chromic glazing has "memory" and does not need constant voliage after the change has been
initiated. Purther, it can be tuned to block certain wavelengths, such as infrared (heat)
energy.
[0086] Another electro-chrormic technology is called suspended particle display (SPD).
This material contains molecular particles suspended in a solution between the plates of glass.
In their natural state, the particles move randomly and collide, blocking the direct passage of
light. When switched on, the particles align rapidly and the glazing becomes transparent.
This type of switchable glazing can block up to about 90 percent of light. Also liquid crystal
has been used to provide electro~chromic effects in sunglasses.
{00871 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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25. The eyewear of claim 1, wherein the electrical component is controlled by a remote controller. 26.
The eyewear of claim 22, wherein the remote controller comprises a display. 27. The eyewear of
claim 1, wherein the eyewear separates at the bridge. 28. The eyewear of claim 1, wherein the
eyewear includes mono audio. 29. The eyewear of claim 1, wherein the eyewear includes stereo
audio. 30. The eyewear of claim 1, wherein the electrical power provided the electrical component is
provided by way a power means of the docked electrical component and also from that of the
eyewear. 31. The eyewear of claim 1, wherein the eyewear further com risc?ds tether, and wherein
the tethErveattondmptissisl pevidngremnsr ab of the SeaonssleBEER M ’ﬁf’,o\)ﬂ‘;ﬁgfelﬁl%’e eyewear comprises

a video file player. 33. The eyewear of claim 1, wherein the docking station comprises a female
rece ptagpgghods, and apparatus in one form or another.



What is Claimed:

1. An intra-ocular lens system, comprising:

an intra-ocular lens to provide a fixed refractive power;

an electro-active lens element, in optical communication with the intra-ocular lens, to
provide a variable optical power;

an electrical power source, in electrical communication with the electro-active element,
to supply electrical power to the electro-active element; and

a piezoelectric element, in electrical communication with the electrical power source via
a plurality of charging leads, to generate charge in response to mechanical forces applied by a

ciliary body of an eye when the intraocular system is implanted in the eye.

2. The intra-ocular lens system of Claim 1, further comprising:
a controller, operably coupled to the electrical power source and the energy storage
element, to control electrical power applied to said electro-active lens element using a switching

mechanism.

3. The intra-ocular lens system of Claim 1, wherein said electrical power source comprises a

rechargeable battery or a charge storage capacitor.

4. The intra-ocular lens system of Claim 2, wherein said switching mechanism comprises a

tilt switch or a range finder.

5. The intra-ocular lens system of Claim 2, wherein said switching mechanism uses a
triangulation based on at least one of the direction of both eyes, forces exerted on the intra-ocular

lens system by the lens muscles, and contractions of the ciliary muscle.

6. The intra-ocular lens system of Claim 2, wherein said switching mechanism is configured

to be remotely controlled.
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7. The intra-ocular lens system of Claim 1, wherein said electro-active lens element

comprises a diffractive electro-active lens element.

8. The intra-ocular lens system of Claim 7, wherein said diffractive electro-active lens
element comprises a pixelated region, a surface relief diffractive pattern or multiple

independently controllable zones.

9. The intra-ocular lens system of Claim 1, wherein said electro-active lens element
provides optical power in a range of from approximately zero diopter to approximately +2.50
diopter, a range of from approximately zero diopter to approximately +2.75 diopter, a range of
from approximately zero diopter to approximately +3.00 diopter or a range of from

approximately zero diopter to approximately +3.25 diopter.

10.  The intra-ocular lens system of Claim 9, wherein said electro-active lens element
comprises at least two electro-active layers, wherein each of said electro-active layers provides at

least an additive portion of optical power.

11.  The intra-ocular lens system of Claim 1, wherein said electrical power source is located

peripheral to said diffractive electro-active lens element.

12.  The intra-ocular lens system of Claim 1, wherein said electrical power source is

configured in a mostly circular manner.

13.  The intra-ocular lens system of Claim 2, wherein said electrical power source comprises a

battery or a capacitor.

14.  The intra-ocular lens system of Claim 2, wherein said electrical power source is
configured to be remotely charged by induction, by a pillow comprising an induction coil, by a

laser, by a solar cell or via a pair of eyeglasses. -

15.  The intra-ocular lens system of Claim 1, wherein said intra-ocular lens comprises at least

two layers configured to provide a prismatic shift.
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16.  The intra-ocular lens system of Claim 15, wherein said prismatic shift is configured to be

altered remotely.

17.  The intra-ocular lens system of Claim 15, wherein said prismatic shift produces a shift in

focus location within a range of from approximately 0.1 mm to approximately 3.0 mm.

18.  The intra-ocular lens system of Claim 1, wherein said lens system is adapted for

correcting a higher order aberration.

19.  The intra-ocular lens system of Claim 18, wherein said higher order aberration correction

is at least partially provided by said electro-active lens element.

20.  The intra-ocular lens system of Claim 18, wherein said higher order aberration correction

is adapted for being tuned remotely.

21.  The intra-ocular lens system of Claim 1, wherein said lens system is adapted for

providing a changeable tint.

22.  The intra-ocular lens system of Claim 21, wherein said changeable tint comprises a

sunglass tint.

23.  The intra-ocular lens system of Claim 21, wherein said changeable tint is adapted for

changing automatically in response to a signal from a light sensor.

24.  The intra-ocular lens system of Claim 21, wherein said changeable tint is provided by

said electroactive lens element.

25.  The intra-ocular lens system of Claim 1, wherein said electro-active lens element
comprises a bi-stable liquid crystal, a nematic liquid crystal, a cholesteric liquid crystal or a-

ferro-electric liquid crystal.

26.  The intra-ocular lens system of Claim 1, wherein said intra-ocular lens system is adapted

for being folded.
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27. The intra-ocular lens system of Claim 1, wherein said intra-ocular lens system comprises

acrylic or silicone.

28. The intra-ocular lens system of Claim 1, wherein said intra-ocular lens system is adapted

for providing multiple focal points or for providing an adjustable aperture.

29. The intra-ocular lens system of Claim 1, wherein said intra-ocular lens system is adapted

to be used as a corneal inlay.

30. The intra-ocular lens system of Claim 2, wherein said controller is adapted for being

remotely programmed.

31. The intra-ocular lens system of Claim 1, wherein said intra-ocular lens system is adapted

for having its optical power remotely tuned.

32. The intra-ocular lens system of Claim 1, further comprising an antenna.
33.  The intra-ocular lens system of Claim 1, further comprising a control chip.
34, The intra-ocular lens system of Claim 33, wherein said control chip is adapted for

receiving at least one of wireless communication, radio wave communication, light wave

communication, and radio frequency energy.

35.  The intra-ocular lens system of Claim 1, wherein said intra-ocular lens system provides a

tint and wherein said intra-ocular lens system is adapted for having said tint remotely tuned.

36.  The intra-ocular lens system of Claim 1, wherein said lens system provides a prismatic
optical power and wherein said lens system is adapted for having said prismatic optical power

remotely tuned.

37. . The intra-ocular lens system of Claim 1, wherein said intra-ocular lens encapsulates said

electro-active lens element.
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38.  The intra-ocular lens system of Claim 1, wherein said electro-active lens element is

sealed.

39.  The intra-ocular lens system of Claim 1, wherein the piezoelectric element comprises-a

piezoelectric film.

40.  The intra-ocular lens system of Claim 1, wherein said electro-active lens element is an

accommodative intraocular lens.

41.  The intra-ocular lens system of Claim 1, wherein said intra-ocular lens and said

electroactive lens element are independently operable.

42.  The intra-ocular lens system of Claim 1, further comprising an antenna, and wherein said
electro-active lens element is adapted for being tuned remotely using wireless communication

via the antenna.

43.  The intra-ocular lens system of Claim 1, further comprising:
at least one ciliary attachment tab, attached to the piezoelectric element, to attach the
piezoelectric element to the ciliary body when the intra-ocular lens system is implanted in the

eye.

44.  The intra-ocular lens system of Claim 1, further comprising:
a processor, operably coupled to the piezoelectric element and the electro-active element,
to sense a contraction of the ciliary body and to actuate the electro-active element in response to

the contraction of the ciliary body.

45.  The intra-ocular lens system of Claim 1, further comprising:
at least one anchor, coupled to the intra-ocular lens, to anchor the intraocular system

within the eye.

46.  An intraocular system comprising:

a flexible base intraocular element configured to provide a fixed base refractive power;
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an electro-active element in optical communication with the flexible base intraocular
element, the electro-active element comprising multiple independently controllable zones or
pixels;

an energy storage element, posvitioned' adjacent to the electro-active element, to supply
electrical power to the electro-active element;

a charging arrangement, in electrical communication with the energy storage element,
comprising a piezo-electric element configured to selectively supply electrical power to the
energy storage element so as to at least partially recharge the energy storage element; and

a plurality of charging leads, in electrical communication with the energy storage element
and the piezo-electric element, to transfer the electrical power from the piezo-electric element to
the energy storage element,

wherein the electro-active element is configured to be folded before insertion to the eye,

and unfolded after insertion to the eye.

47.  An intraocular system according to claim 46, wherein the energy storage element

comprises at least one of the set consisting of a battery and a capacitor.

48.  An intraocular system according to claim 46, further comprising:
at least one ciliary attachment tab, coupled to the piezo-electric element, to attach the
piezo-electric element to a ciliary body of the eye for generation of the electrical power in

response to movement of the ciliary body.

49.  Anintraocular system according to claim 46, further comprising:
at least one anchor, attached to the electro-active element, to position the intraocular

element within a membrane of the eye.

50. © An intraocular system according to claim 46, wherein the flexible base intraocular

element comprises at least one of an acrylic or a solid silicone.

51.  An intraocular system according to claim 46, wherein the flexible base intraocular

element is foldable.
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52. An intraocular system according to claim 46 wherein the electroactive element is

configured to correct distance vision.

53.  Anintraocular system according to claim 46 wherein the electro-active element provides

one of 2.5 Diopters, 2.75 Diopters, 3.0 Diopters or 3.25 Diopters of optical power.

54.  An intraocular system according to claim 46 wherein the flexible base intraocular

- element is configured to provide optical power normally provided by a healthy crystalline lens.

55.  Anintraocular system according to claim 46 wherein the flexible base intraocular

element provides about 17 Diopters of optical power.

56.  An intraocular system according to claim 46 wherein the electro-active element is
configured to provide a reduction of up to about 90 percent in the amount of light transmitted

through the intraocular system.

57.  An intraocular system according to claim 46, wherein the electro-active element includes

a plurality of pixels that are configured to provide a prismatic shift.

58.  Anintraocular system according to claim 57, wherein the electro-active element is
remotely tuneable to adjust the prismatic shift to at least one of a user's anatomy and ocular

condition.

59.  Anintraocular system according to claim 46, wherein the electro-active element includes

two-dimensional array of pixels.
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