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APPLI CATIONS [01] This application clains priority

fromand incorporates by reference in their entirety

the follow ng provisional application: U S. Serial No.

60/ 902, 866 fi | ed %lr: %Mxﬂic%& e?tlﬁ'@d entitled

"El ectro-Active ar 1 ¢ Dev he Correction
Invertbrs RRbiadd D, Béurky Joskwm 19f Hidlbchdﬁﬁhmﬁ)l@okcn&ﬂis AsffeeriyaVan Heugten,

No. 61/020, 759 filed on ry 2008 and entitled

"El ectro-Active Opht haﬂ? Pﬁ&elﬁr Lens with Dynanic

Aperture"; and U S. Seri aI No. 61/025,348 filed on 1
February 2008 and entitled "Range of Opti cal
Tr ansm SGROSS\REEERENGCE d10 QEﬁMEEDiRPRbI@A’EIONSt ic

[01] %gri J ntgglsﬂCent ral. é%ert ur .f or Pr ovkﬁ'lr% :E%}eglrlg%&r bntirety the

fonovdhg?rolvﬁy&lgtd Phcdtdd]l The present invent| on relates to an
i ntraocul ar "optic, an intraocul ar |l ens, a corneal

ithBaperial Nor HOL02866 afled am?d 23 Bohmeanyt200@nand wpfitted “Electro-Active

Rl ar s b e CaRSqh A KRR SPul SESup Rl e

ims aBeridl BRI n‘ﬁa(bzoombaﬁledaaﬂ B gefiagCt2008 n@dh antithd 8Flectro-Active
amc a erture for i ncreasi ng depth of field which
r?%}h icjon Lept Vit Pyesnimyiicerte odor i ntegral with

%ﬁsPegxgﬁ%@' §1/08%48 p?etd g1 azddsaéﬂdyeﬁﬁfeae%g@ of Optical

conventi1 onal "errdr wer order aberrations such
Mrahdssichy pauedfoa an I();@ttﬂa%cd&hls omalptis IGongmding a Central Aperture for

preshbyopi a) and/ o non- conventi onal error (such as
H)r%‘ﬁ g‘%ﬁ%@@?&ﬁ&%) of a user's eye. The
i nventive system which has a dynam c aperture which

provi des for an increased depth of field and is in
optical comunBAGKGEROGND XRETHEH INWENTHONopht hal mi ¢

Field l.en \gvvh.i ch may be a single vision or nultifocal |ens)

Mw OhH1S ects for vision errors (such as presbyopia),

[02] NERS RéseRWni@HtioR roBRS to/arf aﬁhbaﬂmgmﬁ aRORAbcuR@N&R] ¥ 86meal inlay, a
focus fromnear distance to far distance. Description

cornealpfnlayh endze contadt lgnst M@s]quqnféqaay,eth@ preggent masje@ﬁorcmlmqtp @hgntraocular

d I
optic, %1&1&? uiq,rf%‘% an clgpng: Sxtn?aﬁga cO e %nl&y o esabgo%ltﬁ%t s glg%ng a dynamic
aperturd Bdtalidraasidgr cﬁ:@ﬂ)y(ﬁirﬁe@d which Hﬂayl b‘eslise@in Qﬁibamﬂﬁdﬁﬁmcmmﬁfor integral with

an ophthalmic lens that at least partially corrects a conventional error (lower order aberrations such
as myopia, hyperopia, regular astigmatism, and presbyopia) and/or a non-conventional error (such
as higher order aberrations) of a user’s eye. The inventive system which has a dynamic aperture
which provides for an increased depth of field and is in optical communication or integral with an
ophthalmic lens (which may be a single vision or multifocal lens) which corrects for vision errors
(such as presbyopia), may allow for a mostly continuous range of perceived focus from near

distance to far distance.

Description of the Related Art

[03] There are two major conditions that affect an individual’s ability to focus on near and

intermediate distance objects: presbyopia and aphakia. Presbyopia is the loss of accommodation of



_\the crystalline lens of the human eye that often
acconpanies aging. In a presbyopic individual, this
wo o®s/1afo@ccomodati on first results in an i naCT/U83008/@54721
focus on near distance objects and |later results in an
i nabi ity to focus on internedi ate di stance objects.
is estimated that there are approxi mately 90

the cry%hllhhé R %}\g}h%g] Dn Qrizh % ol gﬂ%ﬁi@?ﬁ%@dﬂ {Aﬁgl? tlﬁg lrpge%gyrogic individual, this

loss of apmmonodative fiyst iesﬁltsblnl dni inability és fycnp es neakplisddca obJscvs bhed later results

. .absence. of the crystalline |ens the e
in an H@gﬂw 1 Totsindaierneiae distanes PHerte Z{t ipesimateq ﬂ&éﬁ}?re 4, apgfoximately
90 mﬂl?cﬂlht% kiog nﬁlﬂﬁoh\ﬁréw%pes ﬁrhﬁe ahseaSQ! W&?dv‘}iﬂé/ st @lehﬁlﬁﬁed that there are

 ens causes a conplete |loss of accommodation that
approximeatelly t1s6 bﬂhqnpnesiabpes t $phakid scthe absenet phére qrgmllmﬂ lens of the eye,

‘ usuallypc&sagtgg}ggfc %ﬁmg Lance Qaraﬁ%}tlrsgalgt aI e ac(ﬁ ﬁﬁ%l t(}}]e absence of the

crystalBit€lehs ¥Afed @B@mﬁl&beE)Bs ofélfcbﬂﬁ{d(ﬁﬁﬁ(ﬁl t}ﬁpﬁésul'@ﬁ*ﬂ ol BBilisy to focus on
wWth cataracts will have a cataract operation at sone

either pesir i intermerdiate distansg objacts sFewall m@galt praposes, an individual will get

catarac%g @?Lg ?ﬁé tlthe\é ulérl‘l% «;,/ : %f] ﬁurﬂ%%a?{ea dgf?c{u[a.gsxinﬁ#gataracts will have a

cataracs bpunstincht b&and poihidn tigdrlivest It ngesﬁfrﬁ&hym lappraxignated@ iR mgillion cataract
gl asses, multifocal ophthalnmc | enses, and nonocul ar

Surgenﬁs are pephraed apakllzdn thad ted éta@ansses have a singl e

[ r Cc :
[04] O!?fgb daRPYg%ES fo? cfogx‘g Frfa%‘:é ﬁgl%ogﬁ%fs actﬁs E%t :gﬁs{?g,sfﬁﬁiot?(gzal ophthalmic
lenses, tah@monnﬁﬂérdii abnthcﬁﬂgtsbs (Reading ghgstasdabe pemele)opficel power for correcting

correcting fo S|ng across a.r e of
near GRS HERSTE REPITFoCA M TSR do 6 A gihr P28 efp daeqne focal length
(i.e., offtRAL }?cfv&eq foPesrPectih® fcﬂ:ﬁﬁhg be?er?s ackdR Be@ge QP iAW Rees@Multifocal lenses
I ntraocul ar |l enses (ICLS Mul ti focal opht hal m c
are uselém syeglaseaskcdmyactisases, afméal iilaysseammeabnlayse am@mga@cum éealses (IOLs).

orelosof di.f.f er ent t.ica Mul tifo
Mutigedh, i S win ans o R fnfon ST s Mt litg filfons of different
optlcalzfo%fse MaHifdcaALRHSes @iyl KeddonPMET ofontifucus Bi@aes §ft ¥Rate continuous
ddition Lens (PAL). Alternatively, nultifocal |enses

optical agyvep s eroﬁﬁ’mg@s@weff\dﬁlmhfmr@é@é Alternatizely: multifecablenges may be
compn?édS ?oca nocﬁrka%@é V@é'at als &tﬁﬁélgsgé]gt%af) power as in bifocals or

trifocale 0 Mcﬁ@blﬂbleﬁl%ﬁtabﬁl\éhﬁl aﬂ:l tfzfo&foﬁtabt lemel Baling Oifferent oﬁﬂ’b@l powers. One
contact lens is for correcti ng nostly far distanc
contact lgis s f Wgcogﬁﬁmgéﬁgsﬂarfar Qlﬁéncét pRng Hetlems ke paher gpntact lens is for

conectm%gﬁl&?khgg biance focusing problens.

e stan too or correcting aphakia is an
[05] ITltersaandafdamol Ifmrr(ed:t[ﬂg)aphaﬁmﬁ israatinttappeaolend (O0OL). sA dirst type of IOL is a

single FigHR S BB 2 RPE RIS %%%@ﬁﬁ%ﬂ%? it gpigal power. A
second! o, & ¥R BcQmhSdatihg I@E tﬁ‘&‘ém% 'f&gls ggowé@f)y #af of example

alter its focusing power by way of exanple only,
only, conypassies,i toamslatiom meéchtiioal, bendioh axfiiacsurfabg rdti angpratfination of the above.

f t f th b .. Aphaki .
Aphay o o 5 pSedebi by WioB iy Saele VigPR JOE IORRT &S T B fmulifocal or
accom@¥@atRBIOB iMtHeldtieP e, oPlinydbmimmidaHaR®f! O in the ot her

eKl or any conbi nation 't hereof. ) )
[06] ternate approaches are also being used to correct presbyopia. One approach is a corneal

inlay that provides a small, fixed diameter aperture. By way of example only, the ACI 7000 corneal



[06] Alternate approaches are also being used to
correct presbyopia. One approach is a corneal inlay

wao bas/1moori des a smal |, fixed di aneter apert urBCT/By200&§54721
of exanple only, the ACI 7000 cornealinlay nade by
AcuFocus is approximately 3.8 nmin dianeter, 10 ?m
thick, and contains an opaque annulus with a 1.6 mm

. di.anet er transparent. openi,ngd. Thi S [ 0 .

inay madf 1B RpwioARaF APt Vit 2B 18 28 infak and contains an

opaqueddriiRi 6%ith Rane \WiatdidrsetOfibiryntasirhRgabllds Ryedike acts to reduce the
natural constriction of the pupil, [07] As iIs_well

aperturk 96 fiie hunanheyedpta smaller diamgter Randyvhards aprogallytaehievable by the natural

. r an optical systemincreases the systems
°°nsm%§°§t°ﬁ“%e&“$.ﬁ-e| d. Depth of field is the distance in
[07] fAoRtwel kaswn belhadrt,t hiiting) the digphadreoft thatapagyore auf sant aptical system

et BT3B 0 GRS Son B i e i
pne 81l 18 (O A0 ARty o oy vt

for the ptetctse focsis dEambbjediat the dadal distehem dea systegr withahcreased depth of field, the

Therefore, within the depth of field,  t blurring. .
decreags;1p RATRRESH AP AT iSlﬁiﬁgg e i dfswwe%f@é’ﬁp | Bheaelfsgafihin the depth of
field, tROBIIFNngrEMcBY of AROIntao® Bime AindRETHHHIE ubder4RBHallBewing conditions.
I ncrease depth of fi erd b elimnating at least a _ .
An apeptoretis oseddé inchease depit off fipd bywelinginatingas 1east apagBomeighe light rays which

ke s B R RN B B ettt rys e
only shaP81ySEEusal %egrdrggimh% Mfebrh lobfBc@bioéd af @eafoed diktatidee For objects
focal distance. For objects |located at other

locatedcit othen distancesoporpparasipldieht rayphayaihe higheet demiation fRsthe image plane.
By A Tl LR 08 Py LR Phpinimed nd ot

locatedpkiftiie a ifikedrilisiaftezefdhefodal dlitect §.d ,odairethe depthiofifieldj appesr in focus.
di stance of the focal di st?nce i.e., wthin the depth

[08]  ofhersmaflpperyyis €qrntpracts sems O Fwﬁ{eqfﬁ ef g??ya\qwop P {rete a larger range

of distGREOHGE %’y‘ﬁgaﬁ RORRuLind AfoviR! ﬁrgﬁ)g?%égfto RIoRERY ARAr2if¥n tasks without the

creatin arger range of nces that appear in
need fdr aquisfoesl domthttanspaetaeigmepe sTHeoA CoHIdt mameactuies ifiom bio-compatible

.tasks withoyt the.need for nul.tifocal .contact or
materialf o5t |OBUTAL RSBREFiop @ ALHHST GO 5 RN ar A8V o, non-hycrogel
micropBtds PR deeE bFBLSF dfaéxﬁmﬂ%Qﬁ)?}]fc ORS kil oftle@BEIHIdySiS pic€d within the

static, such as”pol'yvinyldene fluoride or non-hydrogel
cornea it cefmptivoergicalaoimeoisifixedher, by way of exanple only. As

once the.inlay,is aced within the cotnea jts . .
09) - Pl oo e Ry PR oo G PGS gt e et which
reacheP the8bHRCt ANGtiohdNy, Aeuliagus usalpealy beindiadielitcas dyeas deleterious
_ amount of |ight V\ini,ch reaches the retina. .
optical afigtts isuehass halos; Heutiling g viston, dighil sogttesingy glae, logppheanuiigst sensitivity,
i, one . del ' ti.cal . .
andlor (865 GARE et B R ke BB onf i B8 TnaEf e shen th inay i
implantedsia beth eyent TSt delersbiid sffdcis, aracabsal by the uieiofthedhlay’s aperture and
light hitting the retina are fogQ gre and rrat%1 be )
occludedh arrplistin pelationnierihe pige phibgypupd. Thstesitests SSPECKY (poeifeX night when
thepup-fﬂcﬁisa?esdel 'eteri ous effects are caused by the size of
the 1Tnlay's aperture and occluded annulus in rel ation
to the size of the pupil. These effects especially
occur at night when



the pupil dilates.[010] Another approach for
correcting presbyopia is corneal refractive surgery in
wokioshodne eye is corrected for far di stance apdI/Ukmo08/054721
other eye is corrected for near distance. Another
approach is a corneal inlay that provides a nmultifoca
effect using diffractive optics, for exanple. [G ]
010 T o B o B SR ohich ome ey i
correctadfoe faf disthnseandrthevbthek syeaiseormected fevernedistanee. oA hehe. approach is a

Fo xanmpl e, whil e spectacl.e eyewear i s capabl e of

comealipley ief PhRgidsm emfped sfieqt gring JiFacas ppisalty FEERIE: at e

[011] HHRRE Bsoh Jfitheie FRARLABEOF BSHHCKHRS pMBEYopAGing/of @Mk has drawbacks.
that takes away from one's naturaP appear ance.” Al so

Of course, smme of thees dravdacksi are mare s¢vsteathah otfees Feyexcapse while spectacle

user tao perceive distorti nd exper.ience.verti go. ...
eyewest GyGpahlp BT GATHUEE PR S ViRt g of DGy ERT S akr i gpcss, s approach
required Ritakh@ atdedice itha tles e e ofé’s GRREACIHpERARES AR in some cases,
_cause disconfort and can also result_in one or nore,
certain grfultifiegd] densesqoasheaupgjthe fiserite peseeive digiattionand exparigrce vertigo.

gl.are, .l oss of ntr ensd tivi i m
012) Pififechst i oo SRR SBorf AR drgpbitty ol Bl AR Romtact ense
can cafpiResifor dddatan Rl uekailtt meonts er edort @fShalas) dowblihg of rvision, light
one or nore of: light scattering, glare, halos

scatterigpogaenlgss ofsoniret senshivitadimided rangs Jfifpqus, mdderiredpctigm gplight hitting
f ' | d BAR L1 :

the rerfly, AREHREE A HeIARAME LLOTH RIL Bl th ohr e of ight scatterin,

glare, halasi ghosting rodseofwentragp sabsitwitp limitesmegs af fogys, lapdiaayedoétion of light

.. S%ﬁanpl e only, when driving at night, driving in the

hitting thergtinag working on a conputer. Therefore, there is a

[013] ge&%bﬁcléy@ﬁéd roMRES 1PnBOVERA!L tMbd R gf&?é@ﬂé%ﬁle@peciauy, by
and/ or aphaki a. SUMVARY OF TEDE | NVENTI O\lrf 14] In an

way of ekauplesmiy, ofhenhdriying st might,ndréving @n thearaimpért watking on a computer.
device.may i.nclude an el ectroactive el epent. that .

Therefprg thefds Morddon 4 uppasrapodE oSt PapRy e P Pfidkie
an alterable dianeter and a nostly opaque annul us for
providing an increased depth of field, wherein the

opht hal m ¢ devi cATMMARYQFIIEE INYENMHOMNt i on with one
f an i,nt.rao . rneal i -CO
016 Sh A1 0 G PR 4 e

active €lpik@ahat P@Wdhclhidy a RbSYi @indparait dya@sic aperpa@e hivihg an alterable diameter
correction of a refractive error qf_ a_user'

and a Frob] OPAIUA B A RIAYIADE AnHacisrEd dlepih /el whereigrbe ophthalmic

device SPRIIMBLAT B or Rith AE bt HPirRlo AR St OREh YR i ARBHncal onlay,
t'hat "ray 1 nclude a nostly transparent dynam c aperture
a contdelens) @r anpadtdcty lahd eavihigeanedicalgrodvea forgsoviging pales a partial correction
nnul us far providing an increased depth of field,
ofare BFEOL9I@ USFettFo- active el ement is integral with

[015] ORGnYmidirch&tt 'of rBent BRentidh, 60 LPRRAINIOHAYce Raf MAMKR!an electro-
onlay, or a contact |ens having an optical power for
active glementdhatgnaytin¢ledesa mastatranspdrerg alynauiciapertwe having an alterable diameter

and a Iglggt{yaggalql\l/ee antuhs for {)ro%idumsgegn fhcreased depth of field, wherein the electro-active

element is integral with one of an intraocular lens, a corneal inlay, a corneal onlay, or a contact lens
having an optical power for providing at least a partial correction of a refractive error of a user’s

eye.



eye.[016] In an enbodi ment of the present invention,

an ophthal mc device may include a first el ectroactive
web@sgoroohavi ng an optical power for providi ngPEI/US®ag054721

a partial correction of a refractive error of a user's

eye. The ophthal m c device may further include a

second el ectro-active el ement havi ng substantially no

016 JFA o AP\ DR, BTRB U IBP BT ko
active di@sdt Yaving e eptivahpdvies fcﬁrqnmpdmg iatlieasy a@artnahmr&aﬁcaﬁoﬁbspfrhnﬁve error

of field, rei.n the fir andt e second
of a usglsefyer T oPbams deriim e e 5‘? & A7CORG AlSEHT-Bgvestpment having
substan n§ %gﬁcﬂgyﬁ%gr Elaﬁih@ ihdludh ﬁ@@}dﬁ%ﬂﬁreﬁﬂc AP ERSRA having an

enti al mc device may i nclude an
alterableldamhaftcxamﬂl anaoﬂlyecmaque araitus rfalypnomdhlg(m iacneasst Idypth of field, wherein

the firste ot oI LY §ICORE 6 AT B P BD i geh e
[017] 'Iﬂ%ﬁ%ﬁ%@m‘i’&ﬂ)hﬂﬁfprédeﬁd ﬁiwel’{tﬁﬁr M dpﬁtﬁ‘ﬁm&‘@ﬂ@v@de by Iﬂ&ﬁlde an electro-

ynamc aperture may be rel ocate relative to a user's
active ¢lment difat siayhecludsry EPstyRSORarant dxnaomc TREtDRaNngEe ¢liabje diameter

and & 0 PR A OF o el Pl RO PR AR conter of e

dynam¥é@pertird hiaf e irél o€ fdlaﬁw o welt liddof sfghgur es, which are
not to scale, in which |like reference nunerals

i ndi cate correspondi ng, anal ogous or simlar elenents,
and i n whi clppigds Gﬁﬂﬁ W Sect i on of
. a healthy hljlkrmn eygSEﬁgﬁoﬁggre ?ﬁ{?ows %ﬁ expl oded
[018] @rﬂﬁ@hﬁaﬁﬁ iofnied irsentionviviiivbe fundersient add rappteciafedamore fully from the

| ectroactive, el enent havin yna erture; Y
follovipg geipdecbdrsciefios ‘%C%PP%%éﬂg‘c 6 UBEROY Y GG 15F Gbscpfeeiy which like
referengé ni& R iRE A LeRetpoMRing! SFRIEbuOdr shhFdH fonteis, b¥Z@lwhich:

ure shows a urality of electrode rings operable
[019] fl?)gureﬂehmim@cmssﬁ;dmmlf aépelﬂtylhlman[eQQB] Fi gure 4A shows
ed cr oss t| onal _si i ew of. an
[020] Rt 3 v U oS BB AT A0 T SoHy i S AaPr g an clecro-

actweél&%éﬂthﬁhggagyﬁﬁngla psaRré@ col | apsed cross-sectional side
view of tRe el ectro-active el enent of Flﬁure 4A; [025

[021] Fiigure @B skavene cobapsediicrasp-seatigagtesides visw ohheetl eqiTorasiue ]element of
Fi ez ngs shown in Figure 3 wherein the geonetric center
gut >a dynami c aperture may be repositioned relative to
[022] tHEuESGHBWS 4 Slufifi 6fcl@iroddeing dpepble fbmaamgrad@mmcwpeme
an enbodi nent of the present invention; 026 Fi.gure 6
[023] JHigwe 44 shoxwkanoexpiqdpd capsesestionalciide, Bew] r@ badirgent afyan electro-
fferent arrangenents of ring
actwe@%égﬁ?t%gv %Wﬂ |E %ure 5 in accordance with an
[024] eF@ﬁéléfE@hov@s‘ atdbﬁap);ed!mts sectional side view of the electro-active element of

Figure 4A,;

[025] Figure 5 shows several arrangements of the electrode rings shown in Figure 3 wherein the
geometric center of a dynamic aperture may be repositioned relative to the geometric center of one’s
pupil in accordance with an embodiment of the present invention,;

[026] Figure 6 shows a stack of five electro-active elements that may each be used for the different
arrangements of ring electrodes shown in Figure 5 in accordance with an embodiment of the present

invention;



i nvention;[027] Figures 7A, TB, and 7C show

enbodi nents of the invention having a dynam c aperture
wokioshoxe useful as a corneal inlay, corneal PCI/E$2008054721

contact lens; [028] Figure 8 shows an 10O | ocated in

an anterior chanber of an eye and in optical

communi cation with a healthy presbyopic crystalline

[027] IF? esAFA Ohg[%)%g'{@ ﬁﬁl&ﬁ %g%ggfgg@g&t ofal.fheltr% Fi&?ﬁ Iandyélﬁmic aperture

ent i1 aon an oca
which @éﬂﬁ@ﬁﬂ@ﬁ a chraed) élay fcomealem&ryaand:onmcrdems c aI
ommuni cation with an |1 Q, accordi.ng odi ment

[028] Fieopnd shaedn 1) Reateh: 0 [ FBEPCHPY & Ay Sh@scyin aibdn optical
t

comm 8684 1y S4B, Ao RSBk AR P cplpiment of

presentﬁrarentdmrst ance vision only accor d| ng to an errbodl ment of

res I nv Q31 ure | OO
0291 it o S iy B Rt Ao, by BeTof afeve shd in opical
commuﬁﬁﬁﬁ&%ﬂ? Wh&@%dn%o%teﬁlb%&niegr—oﬁ th@presat ireAtfort OF
far distance vision and near distance vision according _
[030] Figuen 18nwisnemtIOS) ledatedpine ga nantériop edhamber of g@2pye and i optical

commi G TG S 53 S RS A P B o

of the pR&ERIiNaAdHod;0 an enbodi nent of the present invention;
033] Figure 13 shows an | OL having a dynam c aperture
[031] | rgurmellp soAn dOQ Hecajed) i jap s@erior ochapderepé' &t pyfpiand i optical
i S
commu?ﬁ%ﬁ% {A_Iﬂg &}rl 20 ag %x\?\%‘tgﬁp ?a&?lﬁ%&lf&g viRidn agxgtr?gérgﬁéﬁé%deespsmn according

to an ethbodifentof d@l Respavihvedtionf the 10L accor d| ng to an
enbodi ment of the resent i nventi on; ure

[032] diwe 1anshays Aa lgcagRghn e PaghRIor u‘#@m Fﬂ] PhepBYS .aBﬂ in optical
to an

comm ol PRSP S M f 0 tag Ll

[033] $Fhguns 13 sleovsnaallOLi hdving ddyriangc apatpreim the portion of theiIOL closest to the

o] cal .. comruni cat.i o h a heal t h) b [
eye’s DR ATaITETE & EROOSEEEH 2 tﬁ@mﬁrn VOB ot of ¢ he
[034] @ﬁ@?@ Al hBWE N RIL hhfdd la By apiti3O ONEhAnEAIIE@Bltion of the TOL

ay having a dynam c aperture In optical
accordmgmmmmlmdmmmfﬁhpmem(mveab@br ding to an enbodi ment

. esent entl 0 038 re 18 sho t
[035] SS O Oaéyl g}%m éﬁr utg e.p ortlon e IB% closest to the

eye sr&fﬁﬁ%&ddrdih%ﬂ) anaenﬂﬁ)ﬁﬁﬁ?ént Sﬁl!hé g&sérhﬁmeﬁﬁér@ase Of | I ght and
a controlTer may cause a dynam C. aperture in an

[036] dligee 16 shavesiacoredabiptavthayigg @shysamicapeitye i epficgheruemyiigation with a
healthy%)ges%ﬂ%)pqg E&Etg{lmg Eents Q@ci%)?d'lg%%% hg’:é?ﬁ%éeng gf th&gr%gént E{u\%gﬂricﬁl
[037] Wugiré 17 Shalid at@eeal anlSﬁh&tiﬁg & @psasic aperture in optical communication with

an JIOL according to an embodiment of the present invention;

[038] Figure 18 shows that during the day, or in light, when a user’s pupil is constricted, a sensor
senses the increase of light and a controller may cause a dynamic aperture in an electro-active
element to constrict in accordance with an embodiment of the present invention;

[039] Figure 19 shows that at night, or in darkness, when a user’s pupil is dilated, a sensor senses
darkness and a controller may cause a dynamic aperture in an electro-active element to dilate or

remain dilated in accordance with an embodiment of the present invention;



darkness and a controller may cause a dynam c aperture
in an electro-active elenent to dilate or remain
wa@lrdoatiexdoé n accordance with an enbodi nent of tPEI/US2008/054721
present invention;[040] Figure 20 shows the nornal
operation of a sensor and controller that have been
overridden in whi ch a dynam c aperture in an
10401 HiEF B0 SREH BE BT Dlralh, X RS RO ERIRRAE paye b overridden
in which al8gfantic Bplsﬂhjrc irsardeleatt@activa ebenont dacometriviet] HHoanear distance tasks in

enbodi nent of the esent I n and 041
derk ighing FRABGS CPHBAUFHA BIE 5 UD bﬁdét%rm |a%9?§ 1”Hg af) Embodiment of
th Qb 70 gl ggtro-active el ements according to an
°pre n}b d‘l&?relg)ni of the present invention. DESCRI PTI ON OF
[041] Ph@r@%ﬂmﬁﬂjo%mm@ﬂoﬂt@bﬂemha‘ehgcmem mereielegtro-active elements
| enent eyj,ce with an.optical property that is
accordlﬁgf%?“a @%W‘?‘ﬁ ¥ﬁgp5e§5qtl%v§pf of electrical energy.
The alterable optical property may be, for exanple,
optical power, focal length, diffraction effici ency

dept h ofDESQR@TI@Hmﬂ%BBEFFRRED AVBOIIMENT or a
[042] Conbfggt?cgl ‘ﬁ’g’?%&%{l%g 1? ?18 %{ce ngh t&) al}%é&xrt?/ tﬁilteﬂearl]tterable with the

apphcaﬁb@ 6f ElectAcd] eN@gyTB TR alédrabi@yptieel stop@ansagy be thiesamiphe optical power,
two substrates. The substrates may be shaped and si zed
focal lengthe diffinationiefficiency, dapdt ot Beldcranymitinaee tERE,cpacity, or a combination

of the %]8% aAH %ﬂ:cﬁ% 5 N& eié?% Hl%gibé @6 @t@&i % tsub&%'feso electro-actlve
nore electr spose on each sur
materlaﬂ)fmetyh& disposéd bitwsert thatwo Subsnatemnﬂhe tubsirhths triag be shaped and sized to
s o ol B ) e o
more eﬁzeﬁlc'ii r‘be A6 Michd difefa é@f]%h@ %@E&E?@E’Ms GPaReet ®fth the electro-
to the ect rodes by way o? ectrical connections to
active mjpfeligl. o"ﬁlm dectrosactive elenggemay dnabaisha p¢w¢rrsap1dlye:¢mabhle®nnected to a

contol T S5 G By SBYLGR: o By, ven g el

connecﬁln%cior ﬁ)pﬁﬁl)ﬁé/ 8r H%%ee{félélgesstooéﬂch GElthdeleaesdey. enD@ectrical energy is
tere For exanple, when electrical energy is

apphedatppthq: eldctrapadtive nestestal by Wataf Ve elegtendes thepslectipyacsve pgterial’s Optlcal

oL R B GFS HE BB Sk F PR b ot

materid i 6! ofiB¥electddes,Be eleC@d-haaahithenl 8liederdf. refr&fidh nidyebe altered,
el ectro-active el enent may be enbedded within or
therebysehepging thetaptieal payereidheeledro-ashne plgmeite | ens to form an

[043] & g%lﬁ&oag&fvé 1&%& drg@atb%r F%&&g@ y\gltﬂ:ug X :%&F%&g't@%t bk¥face of an
ophthaBhit flaisetoCﬁmﬁ ran Geddciro-aativec lengr diliechetivalybihe &idc'traJabtyvmdement may be

optical power to forman_electraq-active optic hi
embedgédcwiflan of pigacarind BURER PLAD AEETED PraYIdEE S aBALy optical pover

to forrf HHBARALHQL o}f% % h @naeRrnt BREMe él@dﬁ%-acg% e?e%ﬂaﬁf MKdbe in optical

or spaced apart fromor not Integral wth
commuapidating mmgnlogh&lalnﬁh &nephit hta:lamtad drespacedapalb &ommrmpt m@@tal with the
evice 0 rti,o

bst [
ophthaie engo. e Spk e ey pr gnertd! SwEF g8 Bronld
or porfidn 6% a dévi¢eLigt atisGARMP kS cRHvelR Wi HiVEge (ie., a lens is capable of focusing

light). A lens may be refractive or diffractive, or a combination thereof. A lens may be concave,

1s any device

convex, or planar on one or both surfaces. A lens may be spherical, cylindrical, prismatic, or a



light). Alens may be refractive or diffractive, or a
conbi nation thereof. A lens nay be concave, convex, or
w@b@nae3von one or both surfaces. A |l ens nay bePCT/US2008/054721
spherical, cylindrical, prismatic, or aconbination
thereof. A lens may be nmade of optical glass, plastic,
t hernopl astic resins, thernoset resins, a conposite of
combn&h@ﬁﬁlef’e%@ WE8hdma }?:’Be ﬁlaﬂé’gp id %IQ% Ql'ggtfceﬁféﬁh Rk ¢&dins, thermoset
ade resins or plastics. e poi nt d out
resins, ahampm11blmfgla‘smmdap$m,crala domj)usterqf dafferentiopticad gradbeesins or plastics. It

should %g {Rg{nreg %‘1‘? ggﬁiﬁ tﬁns ev W{}u%lalﬁt q:eg?cse é{}\é? fggfﬁéﬁ}@\f‘é 2, lens even if it

has zeﬂorbptu@él o%?@mo%%s' SEL d)rsndJ §1§{§Ja1 Yow&h.e Ho@vérQ irAfhiPcase, the lens is
piano lens”. A lens may be either conventional or

usuallyrrefermed ty ene i“pland Jens. c BhIAY halelﬂlegr@nmlpe@tcg nppiconventional. A

convenggléaﬁ 5 n :cgﬁgc!t% E(ﬁgrivse ngor(se gxlgnegfls lﬁgz u(%} @)Bwe{)or%gr aegerranons such

as mydpQ W Pdrofis,! presbRbpis Mnd A fOR- SEBV K. Oﬂahod-&m&elﬁibhﬁleléﬁs%orrects for
or non-conventional errors of the eye.inc uding

non-copyeghenal grraesrol dhreyeadpslagiag higher exar gerationsdhatisgn de ¢pysed by ocular

layer hjée%éﬁ%iu%:sg 5r$a%ﬂ!& S 1{e1%s§ S’Ih:%rlergm §n]iaéléa é"ﬁ% f%gsl,J Jc):rﬁﬂ’guél'ﬁ?cycaﬂ@ns such as

a Progiessigy A&ﬁnme Légkdirta lﬁfmcﬂmmfmr:alalem fCmtrastinglyt, bn f'omtal’, as used herein,

| ens. Contrastingly, an "optic" used herejin as )
has sulgiasdialn op Antigal al pVsB g df TBbamIADIsnel focusieg ﬂ&%tpéﬁb%rh'af refraction or
d1ffracﬁ;ﬁg ugho &n}p"‘g%ﬁtacﬁ\?é &l n3Y rdi6f th %%ér%@n%ntlghafl fof ﬁ&{ E@ntional errors

term ractive error” may refer to eit
of the eyenVie shaudd &t noted ot rebimeving lightas netraogestingfa tdﬁactegpeerrdrtof the eye.

shoul d be noted that .redirecti [i ht i S not . .
Therefiigy fREsiig L2 dp bt DS RoFiRBy ol fhe i, ctepley s gt comestng a
refractive Sirb€sithd el 1 ght to a heal thy portion of the retina,

for exanplé, is not correcting a refractive error of
[044] tThe @Wo-a[cnmylemh@t miebe lesatgdtin vee @tmwmmre@ ef the electro-active

in the_ ent W are of t h
lns orgGRGE o §n Wt R PRSI BB eb b et near the o

middletd? @b&6th portiod oftiRAéds@r dphid. Vie slﬁiuﬂiﬂwlﬁotéﬁﬂﬂ’latﬁﬁe bl@@:ﬂi—éﬁﬂlve element may
near the toﬁﬁmn1ddle or bottom portion of the | ens

be capaiie plfocysingkght log itg @ Wacmd dloghaat neerbtodhecgombinedoyith an optical subsrate
el ement may be capable of focusing light on its own

and does not need to be conbined with an opti cal

[045] sHipst rlahew@a cfo@@&ctn[nﬁéﬁd hdailthy hemin syeol). & hervdste portion of the eye is

section al t hy human eye 1 The white portion
knowngs the, @1@9 é s Tﬁﬁ Serads coyreedwith raa:?@ﬂ gemppahedobpgsitie conjunctiva
sttdF¥h& th

10. TRRYEEGH ey PSS TR B0 KAOHE Bl AT, CO0 e s e
cornea ﬂBOv iTte msﬂ:@t whfchuh‘éleg)ygh' entalpdrtal oftheveye arsl foles therpupd 150. The

sphinclE giuggles SIS i PURCATL i pes, B (e E G eeRupil is the

naturalGRBRE Iof thel dj8. FT%E’ bhteARCcHah® el §0k Phe MUSFHIRS s?dcla BkByveb €he iris and

pupil. The pupil is the natural aperture of the eye.
the inneost surdace @f tlasheorhear lilﬁaocrmaltm@ lemb 4714 held dnl thsgemsecapsule 175 and
i nner

Prowd%sotﬁ%aegmﬁ%aotﬂw%f Ppisal PR 1B oo B i bl Pgpging s opical

power GadSthhethd €9e dNeh Bl@\blf@&ﬁlsﬁl@%t faaiteRbiaef ahd Bes)dEstdnces, a process
optical power. healthy lens is capable of changi ng
knownjas gcepmmedgfion. The posterior chamber 180 is the space between the back surface of the

or lens.



power such that the eye is capable of focusing at far,
i nternedi ate, and near distances, a process known as
W@ewsmooat i on. The posterior chanber 180 is tPET/BRAOH054721

bet ween the back surface of theiris and the front

surface of the retina 190. The retina is the "imge

pl ane" of the eye and is connected to the optic nerve
. . C n . SU [ I i o: i i
s anct PO CURERUE R gt o THETRf BT Pk (RSP (o eye and s
connecici € theefi¢ herod 195 Whicky eorbepd Viswd infforelatiobta thabsin. has t he

detrinment of decreased transm ssion of_.li.ght thrau
[046] e e SRR ) B LAREHe S e R heBeli o QB UG cld bu also
s RN KOBERED S ELBRSHIS AR o Al Liovin, o s
large apbeturd mey havaf the betetit of ietkastdptansofssibh of dght]thppgh the lens or optic but

Enbodj ments. of the prese jnvention include an

also h%ggtdﬁ‘éﬂn?ﬁnﬁo@eiﬁcﬁaé‘se(dtc{‘?ﬁﬁ‘%idbe a lens or an optic)

[047] 'EHbddehas 8the pRGEN Gnweatiby BrcRIde AR dbhiRaliid BecdliA MY be a lens or
aperture (and iy be referred to herein as an

y .
an optichinehudingean| eertrosactivp elenient avingha dyeamnip @peigie (g may be referred to

. apert.ure having an_alteyahl i ; .
i 3PS N, AR B  BLSpIRFE Wi an
diamet§tW Tthe Rb&eird BiatReR of the dghaniafertlira iy ®& sapablerofexaniiihg between two
between a first di aneter and a second di ane

: er. The )
or morgylirmgtersafoe ctamplenbsiwed # dFst BAIREnANg %lﬁ%speﬁs giameter. The dynamic
I . . . 1T 2 . .
oar N SN b ol CRAIREL Rl g flon o dcoinonstsy
(i.e., ma&Kétel stepdyRIThe dyandic perturel map have 2 noniayer hor-gerol aparerediameter or

or may be capable of c | etely closing such that .the.
may b%@é@hlapfecqaﬁlpé?@e/@ S|ng sy n@a“{?ﬁ%gea%%&ﬁb’é FEr Ef?‘ﬁéwmc aperture
- - . o % .
may orGfi B e i e Ul B B R e s of
[048] tEmbglimsesntof ity eresém rinveayiomanay bavdyn dymasnia peerture ¢hathgtcapable of

e FEREDRS RGeS Eobh e S5 5 B BRI s flmision o
light) il ahiifase®§e f? ihd6ds6RERbnssich dfdight (0l @ake@ased depth of field). In

transm ssion of light (and a decreased depth of .
one erfibelimynt, the sreeoR theodinamyic apariee §layebeflearepsed f9rapaae distance and/or

. apert.ure nmay. be .decr.ease o] ' . .
e RS TR BSOS ARGl . mhe ynamic
apertutkin®ythel ificre@ed ibanefrositd dikdeRr Wsroprialdfor gyopaniear distance vision to a
aperture may_ be increased in _size fromthe diTglrrgi er . ,
larger slipretgsr anprepriaty fqsr proper Hiamedintet diglaace, visign lge glynamic aperture’s
. | ar ' i r . is - .
diametgr {é}?g %% gﬁr\ﬂ/’{lzg%ngfne.age?iﬁfel%% %Fg} nfrgf)ég g'%lf(?%egh%?éf g‘;ﬁ%ﬁi}' an increased
transmixsioh of tifigtrsirica 6 tegsdsbth of fiild s nboeritipalooefar flatanck wsiance
vision to provide foy an.i ased transm ssion of . .
[049] | A eecs Pefeis. an st OPHE QIOF) Bt th PRty Gpaniiis fybgigpialy, no optil
power] 1.‘3{3’[ g hRL ARG n\ﬁ?ﬁh@? in {1'59% d. AR it2881RSp8E thay®8 inserted or implanted in
I ntraocular optic (I10GQ Ts an optic (having O
the antibstlaniticabt posiaicophiambdr qfohe eye, titatthé strima ef thed-oprea (similar to a

| npl anted ip th e. An jptraocul ar..optic may, b s
come), 30l P o R o, o vt oy
anatonea L bt 6HARDSE. OAntii@aR¥Rr obfié Bad BbsthtidyRz&b dpkieal power and

cornea (simlar to a corneal inlay), or into the i .
therefazp carmet fagns liglyte Raghert dveinfraoatlaa opti¢ i ¢rapodimenis ebthgasgsent invention

may ha?vry aaci/y)nérm%rap\émmtlrg 'and fia only be capable of providing an increased depth of field.




anatom cal structure of the eye. An intraocular optic
has substantially zero optical power and therefore
w@a0v800399@©cus | i ght. Rather, an intraocul ar ope¢T/US2908/054721
enbodi nents of the present invention may have a
dynam c aperture and may only be capable of providing
an increased depth of field.[050] As used herein, an
i .ar |- i . i £ ..
10501 SASAFEE or R Eochlebhchs 1% 1 £ (DR HENHRALEED) dptis insrted o
implantedim the eyd. aAnlistrmcalay lehe miap be ritsededor impbdrdet idhe antetie chamber or
.anterjor chanber or posterior chanber f)f t he eg

. . dnto .
posteriqr KBATRRST HANG1Yey P HISSHBHA S Fompee (il & mEaReelinlay) O into the

epitheliglﬁg%ﬁ? 8f fh@ Qofh gslﬁﬁhérqghlc@bh%ﬁl dHayh, 8 vERNER dnfifoilibAktri@ure of the

rneal onlay), or within any anatonical structure
eye. Aof intlaecidarelenshhas nibg ap mudraoptieah poess amkeinoemhediments of the present

. .optical powers and in, enbodi nents the sent . .
imvens PRy BRY ARG/ Py WO Sy Qv aer iy AT SRS R dyvaplg aperare i
may be VWbl dT9rdvidind &S imdrediedatepth eIl Ure it nmay be capable

of* providing an increased depth of field. [051}ii As
[051] édsadedhbereinna cemesd imasnis anriptp (hayingsubgentially ma\apHeal power) or a lens

. substantially.no optical [ ) S [ .
g R P e < Bl bE R BR R B PR, When refering

cifidalt@tosd Eandl layt diRicChE Rems “Wiaenl irgdyesptichor Splaw doreal injay” may be
" to a corneal .iytrflhgly optic, the ter rr}?blftco‘gneal inlay = )
used. Whan referring sppeifierllyde A semealiiplpy jens.thg tepas (romsal iR dns” o “focusing

r.ef of [ i £, - i 0l : ~ :
oA IR TREP' ST ol SRl SLPtplE B ol no
optical payer) ei ﬁiﬁﬂ.(hd\&'ngg Sls:tbahpmﬁrh thafisdoserted :or omplanted svithim the epithelium
tic (haying substanti, no optical power) aqr a.

layer of Bp oAy VRS RETER PHOREA 19 Agomed bt terns “comeal onlay

t | il et el EiftA8 ©0f &Rfkal onlay lens,
optic W@Lﬁpéﬁ%ﬁ%‘: (;r{gé}?pg{le ifeie{ciz)dglal %%%f%%pgll onFyay opti c,_o e
the termshéeotrennanldyclonsieal“fasnsing coptal ohlay? mayibameed ofhased herein, a contact

. onl ay" be ,used... Wien referri specifically to a .
lens is 85 s (515 P GG Fo Op sPh B0V P e S el Gpren) that i
removab{yOSIH&IdNh &R dTeRé cokaY ‘WHERYreRerintS Ssbciffdally &£ cBAtkel IBns optic, the

a‘contact lens is an optic (having substantially no
terms “opntact d¢nsppiie’ pr Gplanp tantast {ana may beprsed aWVhsaweleyringfpecifically to a
LS renovabl lLaced- on.ta 5] I When
contaCtll%’fsgﬁi ilsnagle%%g{c%it %?P?‘{/én}go&g&ét&% ac ag’lbgﬁlgedé ptic, the
[052] telefbodBtsa6f tHeePes@iptihvention, dpieRb@o-actheagtmbsniavingay dynamic
be used. Wen referring specifically to a contact lens .
aperture may bp exteerplaniéh (e empadded W& afgchied ip)gctontaghisns, pggrneal inlay, a
b 1000 hy € i t18y70 : : : :
comea 4210605 ot TACHOPEY. o1 Phed B¢ RERSP e o e i
chambez e pbstérgorrohymber dfnheegyrealntonttielstroma ef thesrvhed dala varhéxl mlay), or into

.Qor__attache 0) a cgntact |ens, corneal inlay, a
the epifisfiadrye rﬂ%é‘b? cgiet @5, 3 GPAH D). THE Fesksabyinify coggpl onlay, and

i . . _ . _
contactggnsstrger?}?%% ﬁgﬁg %%érféﬂ?:'a@kegf foBuskr¥eli A0 (&l tRErefoRARRSTg ﬁ %ptlcal power)

er of the eye, into the stroma of )
or an gmicnimeazhke of Gwnsieglighh (and) thewfore awing heubsspitiatle| oy aptical power).

layer aof the cornea (as _a corneal. onlay). The,cqrn
Bmbodirptigy of o ABEFEIo By oMY R At SRR ciepft Arickd. Some
embodinfRE FaRAeSen® InvERdasSthagprlok 1B to Wl ah HRFRkRr ®phayf fdd and may at
an optical power) or an optic incapable of focusing

least faitighy ¢erragt tfloerafooneentiandln gndomb samwpirednfignal oereqt o€ a3 user’s eye.

EmbodBSents 2)f the present invention may be used in optical communication with one or more of

-10-



Enbodi ments of the present invention may provide for

an increased depth of field. Sone enbodi nents of the
wWEe@saoo0é nventi on may provide for both an i nCPEERBESIH08/054721

depth of field and may at |east partially correct for

a conventional and/or non-conventional error of a

user's eye. Enbodi nents of the present invention nmay

used. i : .
the follg\?}n%e&glg}a’{ gv%ﬁh £8ka \}&gg;%| E%Wg%%a Gt @c%aspgirg%l}y correct for a
conventiorghtand/orl nnmyoﬂenﬂmisterrpﬁbf |aa1hslegis cye: raacspectaate kns, a contact lens, a
comealgglg;ll,eagéé'g o ?géqo@gg%%xgngg ItEQnil Al eér%r;so é%&xfﬁ é)gqslélgte&lvesnﬁon may
also prdv%beafgr ar?m‘%@ﬁtﬁi%‘% st vileh 1945 a@mAdicrpedite %uél?ﬁiﬁwdes for an increased

Iments of the present invention may al so provide
depth of ﬁeldamdumumutm&e:ogymmmm pdothiategral wth i oph ip llnné (which may
e o s SR bl HEFBRARET S Sl B Bt b, e

mventn%@%t@ﬁ‘x' HhFallfor @Wﬁbsﬂ cBiﬁﬁuB@s ﬁn?d Ofpefeeitedifdhis Ffom near distance to
mul'tifocal |ens) which corrects for V|S|on errors

far chstmg éhe abe ﬁy@@my @péraire provislep W@%@d\/@p&y fealdl dajchagervsgto provide a
ontln ou RRLE i .
contmuﬂlés Fang? gf g n%l% twe]@%rlﬂh dﬁ’é?dg%ggat ﬁ\f%é&gﬁ:rg qp H§e éﬂh‘a{ylnuc lens).
The méHI@rdotitiRucRE Migdas foter @ap Q’ﬂ)ndamebr difstaﬁteetcda\ﬂm dlbtance from a near
serves to provide a continuous_r ange of focgus, bet vveeg
distance fpeanfinierpedigtc disnre fogy apistarmedials Wistancefo 3 f%é distance, or between any
@smc lens). The nostly continuous range of focus
range o?@i@faPr om a near distance to a far dist ance, froma
[053] rFégaie AASshans eintaXph)rled ntoss-paet oz elddlxsd:mmfan efrbodingemt of an electro-

active eg%eex{tggﬁgl %%ggg: gﬁcggeg}e%[l%sﬁ -l %%v% as‘%é\ﬂggg\r?’%%s sectional side

view ofthBle f%gﬁg a&{\féséferﬁﬁl@ Bf Piddte 2A den¥ 'o?‘ﬁ’lo?é el@&@ﬁ@i‘}g 'emﬁféhts‘ﬁﬂﬂ may be
an el ectroactive elenent 200 having a dynam c

usable ape contags. lers; gwnmealanﬂyowome@lwnlap@edw ossndOdt | Brmagre than one

i ew of t el.ectro- act ve eIe ure 2A
clctro GHEESJETHB & EPEAET BEGRHTE SeBRERF I I00 A BE BoRsryber i trer
1spropérrin@la%@ﬁ%é{%eﬂlﬁ}@%len&nféornea' inl ay, a corneal onlay,
OO, or an IOL. If nore than one el ectro-active

[054] éueeﬁmto -4o8veiglerent208 nedycompsisa b g Q/réwéll S@hﬁw_%ﬁ;@r pay be bound by
two opg gqél g%:ra? gqn\évﬁ?sg%g{ea%eg Aﬁna}g I%%r tﬂ!ﬁlg p@eft Zdygrﬁfei Ofhrved and

parallel2 @@oﬂ@sﬁbﬁﬁtﬁlﬁhﬁ&vﬁ%uﬁ@éd rekdf cﬁiﬁﬂtﬁ&ﬁﬁeﬁia&&m&hﬂ tlar othasulistrate may be
bound by two optical substrates. The two substrates

substarﬁagby preoathh dtha sebsipiey may arovidkian aptigal mwercqy iieehbsiies may have no

ot 05 e S BF, MO P15 A RVE A DI DG | ora. e

substrate RELFE tforak |hth$fTﬁélE‘rEb ofl fexibilips forathe tletay-a \&veléﬁelﬁnwhlch may be
optical power or the substrates may have no optic

importasg e eertaim erbediments o dheyprpserh v ertiqrh thak e dusege Qeemplﬁmed into the
I
e, Mgl chhalF Y5k ALFRRE 2701 VR B Lol o oy o
dlsposedl @n’éﬂiﬁ ofiuthie Ghibstrayes lad | Idﬂpcmlrtlme 1mchv1dm11yaaddressetbdrdbpttmﬂ$ transparent
of the present inyention that are inserte
electroglepiZn gyl Gendispaspe oaybe RN Gty 295 may determine the

propertids 3F ﬁﬁ?fé}ﬁe?]ﬁ gﬁrﬁgé ing:?/x aégl% diF3alhapE, Qi AL GiafnllersT the dynamic aperture.

electr ,
Electrodes 220 and 225 may, for example, comprise any of the known transparent conductive

oxides (such as ITO) or a conductive organic material (such as PEDOT:PSS or carbon nano-tubes).

-11-



di sposed on one of the substrates and one or nore

i ndi vidual |y addressabl e optically transparent
web@stemoes 225 may be di sposed on the second PCT/US2008/054721

substrate. Electrodes 225 may determ ne the properties

of the dynam c aperture such as the size, shape,

and/ or dianeters of the dynam c aperture. El ectrodes

o EE O PRI o SOIPL 3 Byt oy 1

preferr&IORMECTeEY Ba® 0dainC THR @édt@dbey 220cinde32PnBXObe Ro&led with an alignment
car bon nano-tubes). The thickness of the opticall

layer 230. wd@pmﬂ@dm il one ofiibe eleaijodss is gagtedanitinibhe @lignraen ¥4Yﬁ¥anAn electro-
active I@th]r%l r%@ p dﬁgsegfbg{v&e%g tfleo %m{eglg gaty&ga"'fhtg tﬂnglr{lﬂgg Epﬁle electro active

materid] RS belRPwee 1 @bnadd Y@hbh b@ﬂis)’pr@ﬂéﬁb@f lekiae |56‘Qhr Gdles’::lectro-acuve
is cCoated with the ali gnrrent l'ayer. An el ectroactive

matriahor b [l ersstaisp owinabelhe SuicheysieFign mstarial gy, a nematic

liquid %%}Bhl Ck Sr’?\%g]l%%c &Euel@el a sug&lpﬂrv\)e{ ed a«%‘ﬁa[ﬂcl e%ufﬁa%’rﬁggl B cholesteric

liquid c28tal,TH ﬁn&it@ﬂi-rs@bﬁ(ﬁq]uidecr?éﬂﬁéﬂ dly otfeey tie of hlqumlwryfhtallme material. An
crystalline materia ui d crystalllne ma erléb
alignmergylayse ia Hinddme whichubx ey ;9§ esamplg oply, grag perd 100 nanometers

d
thick a%?%?%#&@gs%ﬁ%l eg)t g)rﬁlﬂgf foifeied ThHE 'TBP filnd §94h 1ed to the surface of

I|qU| crysta a sne
substraws tisdt @bmes irte) direbt coptattakith hqmd rayyswﬂlmermatqué (anot taasseimbly of the

electro1ap ?ﬁt g %g}q%t@f{h%@&? 1801? al | WIQH ﬁ@i@qﬁéé@éﬁﬂ%wﬁh a cloth
such as~ivell aﬁ%ﬁ&t%f uﬁcm: %all @e&ﬁéﬁoﬁ%%@n@&t%ﬂﬁh@ Q{Jﬁfédﬂxﬂﬁmlde layer,

mat er’i al mis applied to the surface of
the hqmdhsjzsta&tmdemﬂmtprcibrmaallynh@ udmeadanec@*}ﬂla@ubmtemudu agejagned in the

S terial. Prior asse
airectic) o ish 455 PRGNS Rt et RPERGE 7 PRS0 s 1Bfrs of igosubstace),
Alternd#vER/C meoahghhiaﬁt ltyexgﬂa? BE BhétRetcdt)a Phdtbsedsifiveirfatesitl; which when
as vel vet. he |1 quid crystal nolecules conme in

exposed dn ﬂxawlmoﬂmﬁéf\bughtemem Ity segeresul asy whanypbyffeq Alignment layer is
ed. crystal nolecules preferentially lie in the plane of
USCe the substrate and are aligned in the direction in

[055] W ceiirdliBE2500dthsdtele thayettrodes220uddexs (by. eﬁzcmcphroahd:@ibns 255 and is
to the surface of the substrate) Alterna

capableypf gameeaing en pleetricelield hewéﬁsthe@&%a b Yaﬁpafye}%/go%@r&fu IpQIg gyoltages to
each e @?%(ﬁ{ 3} sm}l}@ ﬁpﬁm%ﬂts i Qéxﬁﬁﬂgplslﬂ\laﬁen /el Moa%h%@geﬁ{gnt In other

e sane res
embod@hérfd) rmatcohml&r ik docaseldouthids Ghe Alectvoractolel elem@B0and connects to the

connects_ to the el ectrodes _ 22Q and 225 egeglfbri caér 1 b
electrodesn apg elsRsicalsepniach PPwis M ) @edhio-qghke FEieHy afe controller may be
connece Rt & E)BWEI]I SuikeD §EBRN of Ql?y Sﬂh@xchédégs%.%f B¥ctARlsY | TRGh® BBsence of an

or nore vo tages to each €l ectrode. I'n sonme
elecmceﬁtid dhetvemen she ¢lérodesy thediduit criystalpaplecdés alim in the same direction as the

tro-ac e el enent 0 the
clignmggi bR, 1 ergarase i Srdre Trd TR TiE iR the liquid erystal
molec@tLHRA irfthE dFEHR GF thel @odiitefi@ll €8t APElegrd5dtiNg element, the electric field
el ectrical contact points in the electro-active

mpmp@mhuémﬁoﬂmhégm@ﬂmdﬁwréﬂnwwaQﬂ%%mn@@ééﬁmP@g@KmﬁkﬂwOnﬂmﬁmHOf

s B SHOBREL 1% BB o PR SO Bt st

not stréhE&ioughlate ofififationfithe Hguis taktalBloReulee siilabé gna ditedtioa somewhere
same direction as the
between the alignment direction and perpendicular to the alignment direction. It should be noted
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alignment direction hi the presence of an electric

field between the electrodes, the liquid crystal
worpdoeaeddes orient in the direction of the el ece€@T/US2008/054721

field, hi an electro-active elenent, the electric

field is perpendicular to the alignnent |ayer. Thus,

if the electrlc fieldis strong enough t he

or| ent at | I _
that S AP 58 S1F o IR, R, ppitb s, and el
amnmrﬁae@ﬂrlc field is not strong enough, the orientation

of the liquid crystal nolecules wll BF in a dj tion

[056] JbmeslprEpachen alewnt way Apveypaprrtvgr LU franghayhic Tight passes and an
i t: | eqt

omi SHOST S5 i bR LT o0 0B b 87 B B i

aperturé hlsa‘ttyptchﬁy éhverselyopteportiahdl domeriangeaipethe depthbf field of the electro-active

e B B 5 A A s oo coe
active SRS 280 kAR WeUst. 2 el dpeMite Ghay b8 tElS'nén‘iilc 3&8%&9 e capable of

nd/of scattered. A change in the size of the dyndnic
sw1tch1ag betweer onsorty e clgnheyers.n Vs anmlulus pray) Fh@rHOBl@ﬂmd at thegperipheral edge of

e i ERTe i R B Gt ! ) B¢ R cxent

the radkm RehitbPHS tHe SHchD-aefivd élembnt! W&U@&rﬁlﬁan@ BE bbﬁﬁ@ﬂeﬂ\é@ the geometric
el enent, as is known in the art. The aperture may

center gf/tha rﬁa@traraqumqlerb@t aad amy besrpahly Pf:ﬁﬁ?rgilrtgefﬂl/\@é rwayrf@ ﬂéf‘r peripheral
edge ogﬁ 61% %r Selen-mr%? ﬁ lﬁllx}é'& df@éﬁc? Frof %ﬂet %%@ﬁ?rag%d%ﬁs)r to a radial

ge 0] ectro-active el

distancbefrGgh e (kef)ﬂh@tmct heatepa)fi thb elatroeddw: cltmentan fmlotdsr remybodiments, the
extend to the radial center of the electro-active
aperturg gyeigcapahifeolisanerloeaterh§ics dhgh 8 cenish %ﬁpeﬂﬁ@ is not the same as the

geome%ﬁogéﬁ{e&' f tﬁggfeg{r %tl\tehéerﬁiaxft.c: Fﬂe %ﬁlﬂﬂ’setyﬂo Qhé@ﬂerture and

apab endlng a e way to e perlp er al
definesetig@utd liniies aldehet siae af thevapesivenehs is describefliim durther detail herein, the
a.perturéj :rxia{yggggege{i g{]nﬁl he p o | h(sqrn?lln%% gé ii1s%][ete:r%ég% of alameter sizes.

[057] ehRCdERodichily ﬁla%hﬁﬂﬁg)f uﬁlud@tarl§§er %mﬁﬁiﬁ"@ﬁ’ia‘i dof)ééﬁwnh a dye material

aperture nmay be capabl e of bei'ng relocated such that
such a$ Iaedldu"nl'cedyeof By hﬂepmgeth@ lluqeldu gysidt meleeulenwith atbe tih@ matenal the dye

molecli bR Y MecHoes RS reley Rs e led e polar and

rotate 8li8A with &h bfplRaeidchRasfici®é Dhe 6ﬂ1!ﬁalaib§drﬁtl}t5rﬁof ﬂi’édye&natenal depends on
described in further detail herein e aperture ma

the orbuabm ef iy WU Gy kg ML DHCh 88 o sofigilvave. In a

deactlvrggepgfalt tﬁgé‘lﬁl&é} %Fm% e(ﬁgﬁqon%@%ggrlpﬁq s %Cifqﬁlﬂi; ?gﬁf’(iléﬁolecaﬂes when the

electriovfieldl Betthgen Mg elebi@ddbdes U hloaestrangileﬁhlghl, (Ihedylge nB;ledihdIBl align with the

the liquid crystal molecules with t| rmterlal
alignmenidaysyeansghe abpoesion of b&httq*F@H%}bWé‘ﬁ Cry#Al frenpiigzed. In an activated
B L

field mepiécnathecadisarodes dn stobng Iaﬁougiae t]matiw |naxﬂemh&gserw&te endtdign with the
rletatlon of e|nd .vi_dual cul es w

orientafga 04 PSUH ek PEBRIIGE o RRRen AT BEack Yis pntaton, the

absorpﬁ&ﬁ?‘()? gﬁﬁtttﬁo@r@lg ‘ﬁﬂﬁﬁ%?ys(eﬂ % hEaRiRH) l@ﬂe'(ﬂ)@ﬂﬁl‘étm@‘ bé DR case when a

crystal nolecul’es, when the electric fié€l
homeohepw.éea‘rtltdi)salmmmfdh@hqlsd aystakisruserysush thag hbsomﬁ@ndy@mnnuzed Ina
nol ecul es align with the
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alignnent |ayers and the absorption of |ight through

the liquid crystal is maxim zed hi an activated state
wowRaR/1iBIn®geneous (horizontal ) alignnment of theCT/US2081054721

crystal nolecules, when the electric field between the

el ectrodes is strong enough, the dye nol ecules rotate

and align with the orientation of the electric field,
. dj . t.0 4t .. di ' .hi t-hi . .
deactivBE8 BERCHELrBkinld Hareck HOEE B ARG ikl Gysteling material
may alsorgsised. i1s m nimzed. The opposite may be the case

when a honeotyopjc (vertical i gn t of the liguid.
[058]  &rgrse é!sﬂws fe gmeﬁelﬁﬂ&dew_}% 3b¢ ?B%gl?q% fofi Awng adpapic aperture
The el%:?%?iﬁin%@?%% 5 abguandom IWm%ﬁg;;iéﬂt ARcRGd VAEEH the electro-active

roelectric Tiquid crystalline material may
elementR8® e suchenh. eiBEidher ¢joctm-Btivh ovaterial B malyitieya Gfuid crystal doped

. | ectrqde rjngs, 300 rable for creatin dynam,c
with a QoG IE HisERaedgtE ol Thn e iy b O SRR iR Shiped electrodes
310, 3AP3302hAd 340. 2THPRUBR! e Tr MGk8 SelebfBddsNark MRssible.  Each electrode is
electro-active elenent 200. In such an enbodi nent,

individeallycaddresseblel Videeanter ¢fzhe dlagradgyingemay be gencgnigicyeletaye to a pupillary

. doped wi.th di chroj¢ e..:El ectr i .
axis ongy ﬁlbeoglg(axoé?&g%& %’F?ﬁn gn‘%‘fegrmscﬁé)ﬁl efg‘g gp’e‘ c?fg % &égg?s’l?[%%/()dg Bap may be
approxirdlely 338n t@N0 28 But hly BOs#hARr. TEWEeP diafefef of tleetddeBao is rl, the
are possi ble. Each el ectrode is individuall

outer diatiittes of ello¢tende BRG iso@ntherouist diamstes pEdeqtende 329 ¥$g§, g putsediameter of

e SR B e BRI 3" WG e of o

electrodid¥hy défiRGldifdent@arnirayizoe approxi mately 5 ?mto 10 ?m
but may be smaller. The inner dianeter_ of, el ectrode

[059] Fyoelpeirade mayrhe “eeiivateddibaraiBeicwty wioag elesiis fpidisiagplied between the
i . | d i S 1.3 1 .
kool Y gl ATBLEC 1B S LB g1 '\, o
conditioh &ngtisfiedofhieh platdsaaesl@a0-dctive materfihlebetwerarthel Elactedderandfthe ground
elecﬁo?%gg%ne!g&%%t@tgg g{%@omd%n %Jg;tlrcgg m%%pg 61]:, Ler gtg"t'atq Qe{gztl léltrli%(:lselnﬁy(? strong electric

field ist efagﬁﬁe%r‘éelt%eeﬁt th® @&Cﬁé)&cﬂéﬂ éé‘ bRl glei:@ocﬁ?ﬁ{ Voo dBEI¥E @Nthreshold is

ectrode and a groun ect r ode, vol tage above
appliedatottier édedtioklel or & saqoptlitien it satisfied vélidrplaced en elsrtrg-hctive material between

condition is satisfied ich places an el ectro-active
the ele‘ﬁ’éﬁ%?ﬁl e@_é%@&f?%% 1@@%‘?%%6{6‘5‘15*& "t he ground
[060] Ghefmt &EiRlithéht BT tAE blesal afvehtioh Qsindh By8E HRHEIH¥RYal8al, the liquid
"deactivated" if a sufficiently strong electric field )
crystalline materialppdyi bechchwatebwhen hzolidze ebevsaethegslold of arpyerdmately 10 volts is

. ectrode, Jf voltage below a_.thres d_i '
apptcd RESEHE A sistro G 4 Tu bR el PR R & Sreshold of
approxithA€19S1 8RN0l BCApplie@bkiveen MBé @lecRbddbet Tieebletthie power used is that of
el ectrode and the ground electrode in a deactivated

approxiypajely. 1 mowoyatt. nlt shoddhe poksst owfthat fee pleetse pptentinl A benby way of
< i . . N

cxampfi 3101l b1 SIS MRS g bl L

[061] dlwreduce pdwetoatuanmionap bi-sxbledieidycridaliind traterial mppbeaded. A bi-

bet ween the el ectrodes, and may be deactiyvated wh a .. .
stable Nyiq ergeialbias Biteaat HReSHihPebTecR 9P ag%%t@?\i_@/ stzigs i s gpplication of

electric%g gé&%g(vgﬁ{a%ﬁ‘ﬁ‘eg?ia{e%h@ S LERARA - st Gn@HRCHILCStREWRIng a deactivated
state). The bi-stable liquid crystalline material remains in the one stable state until sufficient

electrical power is applied to switch the bi-stable liquid crystalline material to the other stable state.
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approximately 1 mcrowatt. It should be pointed out
that the electric potential can be, by way of exanple
womog/103v®lt or |ess, 5 volts or less, 10 vol t BCDUS2008/054721
| ess, or over 10 volts. [061] To reduce power
consunption, a bi-stable liquid crystalline material
may be used. A bi stable liquid crystalline materi al
S . .
Trus, MG PEYTEUNS ok Won B fe B B Shol b b1 somain in o
state. ’Em ta&tabledi@nﬁ atysthiéina nﬂtdﬂabmay kwitclstoad Brsb etaﬁegwlaen +5 volts or more is

applied hepen ihe FIEFHAAgS i SWEH 1 ¢ SeoBd StAIR heas volts o fss is applied
betweelgﬂfe el E@JHS BIFeGlrsd Gifibr Vrmgers thoth BiRRA a%gtl%v@ersé% bsﬁlbqéﬂe

I -sta liquid crystalline material he ot her
[062] &1 abl emxidanentTofuthe meseot mveationpdfveteciredasniP, 3360330,tand 340 are

BRLICIRIORG KNS REN T R—

betweeﬁrmé ceMfet 6ihthé Sle@rddes &id At af Beddtd 316 1SV&hét§vafea, i 6§aqu§ annulus will
bestg i ed between the el ectrodes and may switch t
now

ooehbeweenethotimner digmetsir 1of elgeirodesi20; @daﬁmnd@@emﬁ \zé@ fvill now be
formed g)ﬁﬁveieg et 5e%gﬁr gf Bﬁg e&ecgrﬁﬁg’seingéger \éro%%ﬁgt% 8%?(?%%{1@ '3?&? Efeelectrodes

310, 320! 83Eahd BAY gRtdeddlivaicl, thtrectillades opafue Ba0lus 230 anddyskrture 260 will
340 are acti vat ed, ﬁg que annul us_270 will be forped

now betfem@éwtwem thinepntes of e clgstipdasraad 280 The pperfyes 1ay e iporeased by first
deactlvgl?} Qg&%etﬂéne eéHodE 390 :tggﬁ: El&@cﬂﬁ% 330 dfdl ﬁna}l& electrﬁle 340. The

eact Ivat’ e opaque annu
apertur® may lbe décremdi bb dirstaetivating elentmzle :ﬂﬂaﬁrem electoddee330cthem dlectrode 320,

320 and r5 _anpd erture 26Q wbefor t ween
and iy SO 350 ¢ BSCPCRYBRdR LiFtFe Rabi @F JPaFItE PRI stops.
HowevEl, %@ro&emgt%oaépgwueeétsﬁ 51@%%&@11‘0 AS#Da 33Rra, 386h ure stop may

are deacti vat there w I'l be no opaque annul us
provideamdargperet havmg284cevthd hrem oﬁ/malekbmndhtswemrsmeh éntodm svjords, there

f th | d 5. Th b
may befa E R SGY 05 FISIORURBEGES T LT APCTAHR V5F0h clogsple. OF course

other afdrBfé 5R6Lard HssiblBe 'WEILRly QdBst3&ed, tBd dpdrivA@tilatheter may be between
el ectrode 340. The aperture may be decreased by first

appmxmlmtﬁtbo étqdmgl wldeappraxireatgla (3.0 piverend|reast prefeeabbizbe betiveen approximately
t 3 d fi I I
1.0 mmg %tgcf\;?ﬁp?%xenaatz gf‘r nglmt ' e'lfarlnmye pg %Patbgpl%g% i%é %gtr\)&-fr ngtf %P%r%%ately 1.0 mm

and ap@‘bﬁxﬂﬁtelﬂ?‘@wﬁf WhemVeil1yodil e, ﬁeaﬁﬁfﬂmrcﬁaxﬁételpﬁqaﬁ rbe approximately 7.0
ossible. As in a canera, each aperture stop

mm or gy da ceipimpabedimenthdlera grayeds appaurs (% th6re o payptus such that
the pupﬁr@lﬂ{e%g s@V& a;s%e\?n\na%l?élleaggl onsﬁq cﬂlﬁ'en{/i?(ﬁr[rﬁe @y be a

quare’root o meen t I nner
[063] dn ambbdingennfof echreeine tivewtiba, ﬂl@‘oumn edgeof tht hemulapmey extend further

AT T D —

outer e R Lt B8 e ght& éﬁ@b o gﬂigﬂ d@fe?eh%ﬁ@@féétsj}ﬁ%y occ#rmsuch as, by

tween approxi mately 1 approxi mat el'y
way of aminpia nnlyphaédsehgblsyammyg,kaed eluvieenin appirasksensitielty 1. 0

and xirra ely 2.0 MWhen fuII dilated, . th .
1064] 5 afe GBI PP dly BECTRED PR e RIS ARG R ELy ol he same time
for an ﬁl@tﬁﬂﬁﬁeoup bhaﬁlgé 'ir@’th@ apeiRdi MPiMother hMAb&ERAY, f&kea Pding in and out effect
aperture (i.e., there is no annulus such ‘that the

which graghially deW@né;ﬁelams theslyasmicraperiaresaagh obihe elegirede rings are activated
and/or geaclﬁvé%ed sequen 13.\flyr %%ngple the outermost electrode ring may be activated first
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[063] hi enbodi ments of the present invention, the
outer edge of the annulus may extend further than the
woeosnooge of the pupil (whether fully dil at eBICDUS2008/054721
constricted). If there is a gap between the outer edge
of the annulus and the outer edge of the pupil
del eterious effects may occur such as, by way of
and defO6HRY fasp dthe ﬁﬁk ost gl%&ﬂ{%g@%&%e@r Be%tlvﬂ %H%é&i@a ed first. In
I'n co sensi V|ty one e nent eac
one entfodirhent.ethe cdl¢otrddes imag el actizated \mtcbdctazpwdam lmaat thlay approximately 1
th
secondeggieh & Rt ASEr eh DA rogtod 1 s ok ST o4y seconds
[065] qatan%&f‘eﬁ%hlb\s@m&m gf%’él@fésém rlﬁ%ﬁsﬁ ae&ro%eé 20§88ayt BE a plurality of
dynam c aperture, each the el ectrode rings are
individaaltyi aﬁhitﬁshbkndbmodd%acangmhmeajm qbieoht dletroge map Foe referred to a “pixel”
.Lhe out

td y te
(e PR i ERE P GRS LS B R Bt TP e F3caie or shape
By selédtiRely BiectRAIR Ghfivaahe &r ldBsdtivaitd We it/ b eferhirt 260 ah@ annulus 270

one enbodi ment, the el ectrodes may be activated or
may beferntd-vated in | ess than approxi mtely 1 second, and
[066] rf’a%ur{g Ig)fvx%r bl 106}%8 gro%g %gctl nal %%6 e})tfeagx d od?rfcig'nt of an electro-

Xl nma e seconas. I'n ano

active €leiegt mrﬁavﬁfg 4 ﬂ@aﬁﬁ@é@iﬁn& NPigliel 4Blshcﬁ7lfse£ tolepes] 3d%-sectional side
may be a plurality of individually addressabl e

view OEﬂ)@@%qcaa@gm@rerl%mgé@ Figuee 4 dimitasen the|ciesipaeievarigmens 200, electro-
active eﬁeﬁrﬁaﬁ{ 960 t nség;' &)tg a?e}%ﬁ?&g _@geSA' rtighSusC g;ﬁgﬁggaﬁansparent

56 referred to as my b
electrodé 220 that proaies ch)ansaééoaunal guyd aiagdierdmmlsédyomoﬁa vfathe sgbstrates and

one or %&m‘gf v@g@ pl Xegﬁy %r%%gz?rp & eloct edqgm% be, disposed on the
secondSUBYURAEE EI6EHASS ?ﬁ:ﬁuhﬁﬁéémﬁhéjﬁle\ﬁr@ﬂ@r&% o theiyRAH BREuR such as the

an el ectroactive el enent 400 having a dynamc
size, shaperandfoe diaRietans ef ths dyhowis apertwt] dps elicirodss 226 end 22Malay be coated

with anslﬁlﬁg%r;elrn?%g{ #ed" e'rlg & fg%gn?fg a%;!%r\s/ lelel en%llg%g%];lt gfr&:%on oﬁpét 90 degrees

from efdhEGhérOB@tdNS valuesTRith a¢ 480,COMPB 6 ée%r aifé gRlpossible. An electro-
substrates 210. A conti nuous optica é@t ranspar ent

active @B@@ﬂlrwels disposedh hetwsewn theddignment layerse | et al¢ctatacyomalgrial may be a

liquid R e Iendl gt@xgaiasﬁ'e?é}%bgg re()(relgfsoaf}o%] %e&%t? - Ca?ﬂteﬁglil r’a(%s&ge%ng bi-stable liquid

crystalBhee@htefigle The Bquidryystdlindi raqrerse dqag)lbefdbpe(&@ﬁl@ﬁ dlchrow dye and become a
substrate. Electrodes 225 may determ ne the properties
dichroigfliquifecrergialline aaigsilt dr condioler 330 poweds 3 thesglegtodes 220 and 225 by

clectrif G Bbend 755 Bice HosbBSENATAG AREL TN fuld RliScen the clecirodes. The
electrolagties elé’xﬁ@nt rﬂ'd}ehaarb lag ap@Ehire 266y ﬁlrmg‘havlﬁclahglalpagsesremﬁ an annulus 270 in
[ rect of fset 90 degrees from eac t he but .ot her
which ights by o1 spttereso ﬁ@e@é@ﬁ&@gﬁc@é@ ReriGl0R s further Tnchude two
polariZBRSS8(P r?%sm@ﬁl:de b Céﬂl@@%fd'eV@f R %feb@é-a&ﬂfg titeHhiS P28 € Exterior to the

bet ween the alignnment layers. The el ectro-active
electrodab erTl&l p(ﬂalledD@ nzayl dlquibe lorated ahl theeoutrat sirfaeds, of the substrates (the

IR RN TR WE CTONET EEE (FMEES I M—

directiéi Mﬁ (ﬂéﬂdat'i@n pRbRElit8khd@iYechE of %Eeﬁ'% lchystal SHyeNAtah6ir %éﬁectlve outer
and becone a dichroic liquid crystalline material.

surfaces ¢ yrsiralist toxBoaligymeatdizection phibe élogtst alimaenplager) theszanzers have
by
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el ectrical connections 255 and is capabl e of
generating an electric field between the el ectrodes.
wab@sabied r o- acti ve el enent may have an apert uP€T/BSI08/054721

t hrough which 1ight passes and an annul us 270 in which

l'ight is absorbed and/or scattered. The el ectro-active

el ement 400 may further include two polarizers 280
relativel (ﬁfecﬁc!)r%rl)%goﬁﬂze& ottlrb?fés,etsd ﬁ){r%gc%r 1@@ ecg r%:g,eg‘%h' &llfﬁsgc polarizers may be
Ie&memmhﬁwmbgkﬂ”paynai§o be | ocated on the outer surfaces

e substrates (the electrodes are_located on th

[067] |1ﬁ ﬁéleﬁ%iateé@%eaa@eefthq Hlectyi fisid batwesp. thegleqtreges fhaot Strong enough,
he s P8 PR Gy B0 5 L i

outer satfadeheiln thsqéintatios, h:gltteantesmgfthc dst(polarizer far, allig}mltha:tas polarized

S T T T MR N e ——
and caﬂq{o@xr FZs@tthRﬂ Pk §écofi’d’ gofaﬁker &0t @ MRhe 1igiR0is AR E&%meﬁuﬁﬂallel to the

olarrzers e referréed to as "crossed
POlaﬂZmﬂnaChI@mrs of ﬁl@@@’QonﬂrpoMgac {Thergfaze, in taadeactivatedrstatééhe absorption of

S e SR i e e o

betweeh e J:lb@twd@s ﬁ:JQﬁ%h? Iendn@ﬁefhetl ¢r§}§tal%bl€cﬁléhealigﬂ| Valﬂl #R' dientation of
at the outer surfaces. In this orientati on,

the eleetyie ﬁf:]dn@erpqmélcplar & the glignmeng dirgqtiop. In q}usg]men’qaﬁgq, %ight entering the first
polanz? (Lgr él% lér@ed %&aﬁ&% 'ﬁ%l ;Q) 051138‘5%1 (ﬂ:&q{l&r? gf th? ﬁ.rs?{:olanzer) is not

Izery 1s rotat
rotated| mmluisdbbbk/eﬁt ajr tHendedbaﬂ ﬁlﬂh&ﬁzﬁﬁ%ﬁe ttheoh@h 1t: fpblme@ rodthogonal to the
pol ari zer (i,.e he ght_ i s now pol ari zed parall

el
polarizatipry dieschen aF ﬂ@aﬁep%i Eﬂlﬁ“&?f)r ohhesitoten &1 abagihygted state the absorption of
gn a deactivated state the
hghttheg%%%tﬁ&%gcg}%?lﬁg%&fnﬁr ough the el ectro-active el enent
[068] iEherdenirndedugs showain Eigtievhineyl bs s, as wheeally engiaent electrodes 225

field b | d ' n, .
in the PEGE-EPLGF GERRI ABT- o0 eVl SRR SL ey rainaa S s actvated
opaquet Ahguiah 270 Mlpbef fofthéd betRERLAdinAYSahd b ﬁerﬁlB@Z@ WAIN'SEEBEmed between the

direction. In this orientation, light entering the
center pf thetelgstrbdasi andrrl( |If@1ectrbqleg$|10 tst-@actwgtegoﬂ)grqu@@ annulus will now be

formedf i Sarby o B BF SEEU S, sl ey Bb il e formed

betweeR@heAden#e bf the eRctroded@nd thghiner giaRRtebF &8¢trode BROIERRctrbdes 310, 320,
the polarization direction of the second pol ari zer

330, anm?éwezpr@ deactivatedrfheretwilldeerp epague apdusalyfomdtapeHuist 60 will now be
al is maxi mzed. [068]
fonnedﬁ?g% STet rog; Bﬂ%ee %\?\m%%lﬁg Figure 3 may be useful as

[069] apid drawbackttd &n:sabaveahb@hmeﬁtn@dasp&aﬁzm@ fitrtheabsorb approxunately 50%
el ectro-active el ement 400. As above, if el ectrode

of incidepplighyp Fhergfixse. uiliging serhofilms g an m%diewswea@ lipih theganount of ight
I e
ot oGy U ATERSRERURRT b br 5,000, RBLELZAR. vt i
annulaseldetrddes 1sfphgbieaityr mﬂxevéﬁlﬁomson&&n divthvaft thd polatiecrapdbel eegion removed
annul us will. now be for d bet ween the |ng r di.ameter

may bPr Betes SR B PUL L PISLT SPRAGTRT 1569 fhe jaerjsmeter of the
smalledt PR cREINEB rehddQine QR @Ente 1 , Bh&6t ﬁ%%l&?&sﬁﬁ% be used while

i nnér di anetéer of electrode 3 0. If electrodes 310
increasB@Othe 88zl aw@nﬁmmﬁ@ugbam ¢lecitoeattive hlemenw Ih|sugfeamembodiment the

functlongl%] ef %nn }llnl'ell§m(:2 7a%e € 1spr%tt gi%ecte%6 over transremssmn is increased.
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formed between the center of the electrodes and r5.

[069] One drawback to the above enbodi nent is that
w@odoanowing fil ms absorb approxi mately 50% of PCUS®NE/054721

light. Therefore, utilizing such filnms in an actual

device would limt the anmount of |ight that reaches

the retina. In an enbodi nent of the present invention,

on._concentric .h | ar ctro i
dii G TR RRSRE bt cheosP Rt h B RLSRRE A Bughhe aperr
and ligHth@nk@Bied thro@Me thriiiys) Betweén @B Yp&hiEeardl the Bﬁﬂﬁls ib Lﬂcrelaﬁbd thereby
a preferred enbodinent is equal to _the inner dianet

makingythe dyparsiceappiddre morp gizgient in prpaidimg, depthaf fipld- Iﬂ|a§0ther embodiment
| o .z
mswadvﬁ?%e | n%r%%alggl 0o @Eég)%ver é‘? lgsgéagnﬂs? € | on ?j’ﬁr ougepltO ﬁleess efficient
polaﬁzﬁgéihhrmecﬂﬁim«ktease transmiksion, mhaetl:@fffammadﬁmmme irt the transmitting state
functionallt the dynanmi c aperture i,s . not affect

over the RpaguseFiale] éeng SiFTIGRS] TR i, SRR TG, FORES gtio S Getwween the
darken%cpﬁﬁet 8RS Hrdfls QA4 %{g&&@&ﬁm& ﬂ:fehﬁre(t he ratio between

t transmtted through the aperture and |ight
[070] tIt a;n\smlaltyelmnomma ddn hawealannplbmtsd ctrntalaelayt ¢mn@benlau,r KO0, or IOL

pertect)ealerc 3By L ey BILAT 150 GH THAPOUF dPRG: dSpERep in nommal
anatorid @drﬁhguﬂaﬁo@ Nohd@bsteIEBiad fiRfon off BS 1BAENak dgf@ﬁ%ﬂgché Béhtral axis of

region, the region may instead be conpose
the pupih| Nn‘esa;rthgllesso esmomeéy edtmpodra}-2 zmnglemnltmtuus elithe gye relative to the

center i)iﬂtée e?%ggﬁf)]?gﬁ{ﬁn Ss?rgltcié)a{ege&g bﬁl’é& § aggamﬁg rm}zglgn:stances This is

also tru€ Do bt nlchs Which Bapesurfieallyimphanics Butanhadnit t@bt ohadnb'8 comea or the
ween the darkened area of the annulus and a region

tearlay%‘ft}‘?rﬁéf aperture. [070] It is virtually inpossible to
[071] rﬁgﬁﬁe 3RhAWDSRBLLATBENERS of M BMctr&RITHRR kh &M AYF 1gL'|r€@ in accordance

I'OL perfectly centered with the optical axis he
with areymbocbmcaﬂxsfeh@ pmsw enviegtiers wheneinr nhc geomefoir wamtelami%ﬁ d]mamlc aperture

configuration. nost d5|re tio | ant
may bf FOFRGNGH NI OrECCERFFRR RIS BromFiTcP B porarBndtl A has the
geomeﬁiav(%hteh QI EBS 1i ?m&@éﬂéﬁiﬁlﬁéﬂd Quith ¥ ontdtrdc B¥Ater of the electro-active
decentration of the eye relative to the center of the

elemengy substrplgpi Arrargsmenis Ba( ik iapd Eduve thergcomeic cpeeiefi the ring electrodes

aligne coﬁtﬁlag%fﬁlqé r'%lgé &gﬂnﬁﬁoﬁgcﬁg bezsq{%fg{elcé cﬁ'lwﬁ? \&J{ﬂlll%% %ﬁo@‘le’mc center of the

electrofagfiveeslement! st subsrdi@St Afang@ARns AO0BNEA quanﬂﬂli‘ rﬁa@aeraclh ay aitilized in a
t hereof. [071] Fi 37 ure 5 shows several arrangenent
g

separat [eleclipBeti Yeorlementn JagwR Swhoms arsierkr & Bve elecircasing s nts that may
each bé"%geﬁ fHhE H{@@pén% Qlfne tlé] gf gﬁﬁa@ﬁod'epm i n%g@ggﬂ fccordance with

eonetric cent am c aperture
an emlroelmem bf tha @nbserﬁluatenum t Bachleiectye-antdter dlemers gt pmperfy inndated from the

ange t has the onetric. center
otver eftfyaiiiectitEs 2 frorve 8 EaBBic AP oG e D g lectrodes and
the gecﬁﬁh%i@&e%@ér 9’[11%%1)%%&'1&{}79@ betwetlpbfaiRselyAY. 0 M%ﬁﬁp?oxunately 1

D, and E have the geonetric center of the ring
mm, ami Iaoltermcfeslbbll hegmed appropchmwlefoto mimoandragpraxighately dlbome. It should be

RN i RN M
allows Aor tBe alilityRo aBBChE ¥ STaBdRANIE hpdri@aby Wa of remote adjustment after

the inventive implant has been surgically implanted. One or more of the arrangements of ring

electrodes may be activated to the exclusion of the other arrangement to re-align the center of the
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separate el ectro-active elenment. Figure 6 shows a
stack of five electro-active elenents that nay each be
waois@d/ 163906 t he di fferent arrangenents of ring ePEDUSHIEES4721
shown in Figure 5 in accordance with an enbodi nent of
the present invention. Each electro-active elenment is
properly insulated fromthe other electro-active
-el e, di st | tar f
cymanif BRI 3e1aE G EAROE U BP L hP, AR rpbrifih Ehsclwhere the
inventiveUingilaratves suyicdlly beilaeeahoape dignmeheiwth Ghe limenodsight of the user.
capproximately 1 mm and nore preferably between . .
Certain ggfiab dispasee Py reyngp ?H?ﬁéﬁubya}yasf 8k F’FPé%Fg‘F ledz Glaiyﬁ?f {egeneration, retinal
hR%nh BimAeEFeoftld GNMEE M ithall TRE¥nBBSIRnt may also b
&mm’oggﬁgégﬁggﬁgﬂ1mo égnte%% af: possible.aThis enbodingn?my 50 e
useful fat renlignihgrthd hive absiphttof the usdrtasvay tfiven eelatmegedfegidmeof the retina to a
dynam ¢ aperture by way of renote adjustment after the
heﬂﬂWF%ﬂ@h?é@%RWﬁﬁlant has been surgically inplanted. One

[072] P eBMofinntd BE B HARGAMERERIAS il WhithebRetddRE €R5MaY Polurality of
activated to the éxclusion of the other arrangenent to

individyadly sdddepssablhee cleeimdes aphnged sidym grifl.cthapadividuel piaglatmayebe gelectively
. the line of sight of the user. Th.s |sS i tant | .
sctivatQAE geseifPL kA it P DR et G R s 270 relaive
to the gbéfRétA0 taferVfthedfubdtatcgdiERleyWis blipil.ne |ine of sight of
the user. Certain retinal diseases or trauma such as,

[073] #yn slesfrocrictivs elepeet oay b capablgloh switehjes Betaeeba first @ptigeh power and a

t 8L . aC £.aqi .
o067, Py RO, £, B0 v
state andeadyi Igive fiige $ebend opiRalgfovedr ghin adtiviied stagee r Thevalsctrbraotiveaelement may
be in a dRERLEA Rie VBEERn F TRePSolAsH GBI Drike Pedkist of e cletro-acive
element Bf(ﬁ:.egéﬂ)&n? ifﬂstﬁ%lac‘fé@erﬁ-)h%?lt ﬂx?efgﬁéld.zzﬁhééﬁc@o-%tw ad1bh¥niOhay be in an

I ndi v dressable e

I dual 'y ectrodes ar rangeg In a
activategirstate whireonenatimord waltages xl®d nathe btecsedas of theadlaetro-active element are

activatedq or .deactivated.to relocate the geonetri
above 4,34pRé} PIG etmn%ﬁ@r%@é- DS BTSSR M ST, ey e capable
of “tudif}® GSYPRLALI SovicBHusk tRit thbeclsndSdctiad @fenint lifl@agibR 8f providing a
pupil. [073] An electro-active el enent may be capabl e
continuofis, swistlstrntigllsh eantisaeusa opticak powest dherde hrowesn thadirgt optical power and

second .optical power. The el ectro-active el enent may
thesec‘?{gic\})ém?ﬂéj%me?st optical power in a deactivated state

[074] BBt htrySRCBBE toirteetfor RvRAtidHAl 8BNn@ttdnvardtimal errors of
state. The electro-active elenent nmay be in a

the eyed dhe comention may desrepfrdbydheclspiraresitive glsment 8% theniticd gubgrate or the
htha]ﬂi?le% eo%&ggg%bglgﬁ&pﬁtﬁ%%& ro-active el enent are bel ow
op afrrst predeterm ne 5

r's reshol d. The el ectro-active

[075] elren®Rinbodiyndae of theapteseat invedtiza, sh aleetrovaetiveasiement having a dynamic
vol tages applied to.the.electr t he

aperturg i aiigchechéq py embpdded yithip éné@éggep}fgf@%?mics or substrate that does not
=) r-n A4 |
refract g)f 2%1%%_1%? ?(%eﬂlg :bg@%tsdorﬁa < BidAbis F{ e¥rord B€the eye and thus does not

%
[ e capalb e of "tuning” its
provideofotisied pgyoane in sartain ¢rhladdiméres ef the imentat, an eleelr@psive elgnent having

capabl e of providin ont i.nuous r.suhstanti al | .
2 dymag PTG e RO 04T DU G SURRUEH i dogtepggets forthe user's
refractif® bir&edauRAVR nadl driRniies ehstitRlsi sdlor BAWEA by the removal of a cataract
or healthy crystalline lens. The ophthalmic lens may also correct any or all of the user’s

conventional and/or non-conventional errors of the eye. Thus, the dynamic aperture may be integral
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[074] El ectro-active |lenses may be used to correct for

conventional or non-conventional errors of the eye.
wab@saaonect i on may be created by the el ectro-BCT/UY®08/054721

el enment, by the optical substrate or the ophthal mc

| ens, or by a conbination of the two. [075] In an

enbodi nent of the present invention, an el ectro-active

. I awin ' . i ro..
with a goﬁgge{g% ieealpwﬁilﬁglﬁﬁ‘é%%g%{glgcgﬁpa%é&% E)e‘rirsn n?agg{aﬁlg%r}grgt d1&:tQ active element
having aulyaimit geitial Thedistdéctioelctiactlementdirfd seacid tlegivtadtioe element in
. .the purposes, of correcting.vision erraors of the eye,.
optical gofBMURiGaticRorih St eRriraCH (e dePHy Taviercapibie gErartgeting any or al
of the ugfihsoégn a1 dfoh Gorl-BYURRAHRRAL erddls 8F B8 ehQ- B dB6Fe embodiments may

ement having a dynamc aperture 1s attached to or
be a cotadideiiealcanngah bnlapra copieahialay) an I0hor e HOL c dhe ghwivs embpdiments may

the user's refractiy rror caused by, natural
be usecpHTA CARTRBIART] BHG o JHOPGE TG ULy AL oF SHSORlF Ol an 10L, a
crystallfheA&is2h R6fne infa2d Edtedt ¥Ry 24 komact 18RSer 4 BRcRABBUOR! MTHe focusing
l'ens may al so correct any or all of the user's o )
lens maydwe\static i(iopapiablgred Albering dis-opteal pawen pafynarriofogpable efpdtering its optical
eye. Thus, the dynam c aperture may be integralwith a
focusing lens. Alternatively, an electro-active |ens
[076] TeudsaVR, BB andSTC &hew tehtbodihdnyeofthe TBvEntib@hhviflg @ dynamic aperture
__dynam c aperture. The first electro-active_elenment or .
which gre giselshas a|cemeplonly: peracad|oalyner peptasptlense| The embodiments shown in

. . J r t .

P SHTHLARIC A YA ot 8 SaEI9E TR, or

as an invemirerdntepioAbr pustttior chaatbec IOV @n1OD having b dgnanioapdrhee. Optic or lens
eég. The above, enbodi ments may, be a contact. | ens, a ..

500 may hayeane inery clesirpgriiwaalementisyl0- difeqtiacictiys clgmeni10 mayebe similar

to electﬁpgcﬁﬁ/e SRR oF 408 Yr E’ﬁ% WsEthvk 3 QR SefREIHD ha tihs®Rd provide
wth a focusing [ens such as, by way of exanple only,

a changeable@ptica powest dhe ieleetrb-active elernentmasml bé ainbgdded vathimembttached to

onl_ay, contact |ens, or ectacle l.ens. The .
substraleg, SO | g TSRyt PR PRCal PRESHRE IR 7S a1 Grinplg opfigel powers
The sul¥thie§ 8hd/BOME Elec®s-adiie 2MntentARAR @a_})%le f b@Fdolflg Kdrsat least a portion
optical power). [076] Figures 7A, 7B, and 7C show
of any eriadlo¢omsentionalf andfns nomwenvénsiondl asrion pfghel granmic ceealler $30 may be

el EBE B RS Y ARk RO onfosions 5.
The eledRlict mayRifiea Moayf irafpatht@bédute S4®indxabRyopayucdaiuig 545. The
stabilizing haptics, for use as an inventive anterior
term “rgpstiy denanarat” BRansFRPTOXETIely S0T ohmeTerrptisaldianamseion (and preferably
o . i . . . e 13
754 BB i T L SO BRI RIS The o “mostly
opaqueS hikanmyprexigiately 80%t@ ledsaptical-temntmission ((@uiepreferabBO3 10 or less) and
. ,. 400 or may not have a dynam c .aperture and may instead
isn’t meang A nesessariy sivge A1 QPUSHTABRSPISHBer . The el ectro-acti ve
YmBehARPGRIGAm BiRindE 530 lRGRE Bote® 555 to allow nutrient
0771 ?E%srgt%?%ﬁag% mS%g The sﬁg%lt rea!t;k%aegm%ay have ngogpt [ ca? oW nutents
and/or padindar waste peodubta vepass throughrtbe subsipatescand/qpdtheeslectiroTdetive elements. The
. Substrates and/or the el ectro-active el nts.my bhe
openinghBYEPGEs BT GoEieAGl BY WY PoSATIIE SBRE FBre SFehy 1BFy may be

machin@ll br G@RBENt TRRETyaME/PEniR POy Ridaled &F AdH-cledtritdl @r otherwise
eye. A controller 530 nay be

non-critical areas of the inventive lens or optic such as within a central region where the electrodes

power)
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el ectrically connected to the electrodes in the
el ectro-active elenents by electrical connections 535.
wab@sabames r odes may define a nostly transpar eneCT/US2008/054721

aperture 540 and a nostly opaque annul us 545. The term
"nostly transparent” neans approxi mately 50% or nore

optical transm ssion (and preferably 75% or nore) and

XS
do not F)?tgrﬁé (r)n gpg’ﬁ%ﬂé‘gefh gﬁlt%er%]EMn%sa?‘Tp gﬂ%gcéa ?n'%bne aﬁévhen the inventive lens or

optic h@mig Odyraati chpertoftds asedlae a:aompmlmlay oi ¢coamsairorday.on (and

referably 35%or |l ess) and.isn't ant to necessaril
[078] r%ﬁﬁom/ellsbmaz Arav stdershiosag Qfits efesiriep! paver Sigpk? P%W%u%ly 560. The
poves S48 BBE Oy MIEPAROFLR S R3R AR BONEANR b gl it
substratekr dlglpotvaesupplyshayabes than dilo redhhmeshle battery audthi ase¢hose manufactured

by Exqﬁ}éenent'gb@ga?]‘.}m gfl)'xg cé;ax%szi})?ll%g/ By, Py g:?e cgg%élg}g ; )?,aglggtc(}elgled X excess of

45,000 @a&z nEls Bfa %&&Jﬂ@éﬂusamém&ﬁhé ¥ 20-be QREN AY HrveRl eSS optic. In
are | ocat ed at non-electrical or ot Kervvl se

an embodimeapt pf the @resqrtem@nmn ttwe thm\ﬁéntrccbergeéﬂs bajterigpmiay bg wetsl and may

st e S o b S 05 B e RN SR 20 v

the othériR@Edyahiy Wh&Htchb®to NG thé st batsy Q;rnOQBﬁ%e@ op@ibleg Akernatively, the
dynami c aperture is used as a corneal or cor neal

other b@mraway[t@mtcmt%mm pighal sentrFerrotehalR th@ cm@a%l@r sbhis mgpy extend the
11fet1mé I)is th%llg&etn{l gélt_laco&vtgﬁs t{ r 0= ngae%gs\r.’]vgﬁll & gr a}l}?}ﬁ? %a}rﬁiso be a capacitor.

bé a

The po%bﬁipp@trﬁ@ Wrembteﬁcélﬁﬁgeﬁ,LEy wayt of d?ctamgfeajnlwby indubtton.
substrates. The gower supply ma

thin fil
[079] rﬁeb&lﬁrss%%‘reéeﬂéﬁ andpiggRetiecide makss A AR deP fotsypplement and or
ey TR AN B o
elecchrhatsnaimmap robviattethaneesiafiot epbwémupplg dthe Mhﬂ@nylem eell may be a solar

cell. A&;ngglg%}%%ﬁ{t-:s%glsué ?r%e}!y e 1| i mé@ﬂnbod BFF@I o{"he p%otovoltalc cell
is utlh}%ﬁtahﬁ rlé)ﬁ%ﬁ:d{{ﬁﬁ' of"ﬂxe g%f @%{t gﬁ%le 21%&“%8% St td'tll?iz%d and located

t her enbo enesrmy
penphamletd theomar2ih @5thy eapis whed partialyoditeted Hz;aﬂar}emqss roay ndtefully dilated. The

g hea 5 et The THESE baliary U b TOMRSr g e 15
7m ph&%&l&tﬁe%ﬂto? cg}}; iRl @8aha }SIE%E oﬁxq{?ﬁo&eﬂe‘y chifl ah ?orehead into a device that

contr IS may exte Ifetinme o

providdsnie eyd sm‘e Gzt éhefply needhl fooenéfbizeOthy e 8m pTi@&)vﬁhzwe tcell or cells. This
supply.. aI so be a capaC| tor. The power suppl ){) nmay .
may bepecera homgrayee a gx,ow@yqe@#e eXARpPrapeneneysy qsp be provided through
[ ]
a nomwgﬁggtéecﬁg%%l a4 n‘aﬂédrnl rg gcaﬁrgf'y&ia{iéd (}fﬁgg %hxgsgg @? 8@@1@! dark room or by the

device %mﬁingl”ﬁtlﬂtan}aﬁtﬁbﬁﬁt visigleeEiht.t Mehepawiizing WPRb Y'1s photovoltaic cell or cells
el ectrical power. Alterpatively, the light sensitive

within éleq inveniiye denst dreonbiceths call e cell S:Hh@p@r b%ﬂ 10t pHlyerghtogiraenis, need to be
capabl €b661§.mg F eé\,usgrglwe{ 5 Mgl}c}{o—vgp ?cﬁ c%ﬁa%?é (I)f be%di%gI ljnultlple cells

Nnat ve

are useH'aﬁ@ﬁre?ﬂ el i ¥ Patfep {hafmh()\n@&‘oﬁfoﬂdu% 81*?09&@&1@&/@%@% lens or optic over
he photovoltalc cell is utilized and | ocated

orarou@dthe(qeﬂﬁp;@oqtq)mer@pnmtcgﬂpem the user and nore

[080] %%eenﬁ) %r%e%ltt o{' f;h%%?es%i e%?rglgl,i fio pgﬁt(fﬁ}%@\g dce%l?/SdSHﬁay be a solar cell.

The sodﬁircklmeifa? betluéatd’dioih otk by (dﬁ(bsieﬁtcﬁtﬂie cdtmea of the eye) and separately disposed
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inventive lens or optic may thus be charged by using

an eye safe | aser capable of energizing the 1.5 ?m
wEhbeBowhé ai c cell or cells. The user may posiPCDOSINE054721

or her chin and forehead into a device that provides

the eye safe | aser energy needed to energize the 1.5

?m photovoltaic cell or cells. This may be

from a B?%Blgg% S hegy Cus{%? ggy o1 ok gleg@%éﬂr oug nﬁ?%g IPIT:Bﬁnect the solar cell

to the dbintrall@hfahe investiveaophiv |dr Yer3O NFhEBdéctiddab g Ak @aﬂutlrdugh the pupil
caused by a very dark roomor by the device b
withouptpichin t%ﬁﬂse@ﬂdy onesabby omeghto, thirarentive |1 PE% @finégﬁﬁ%ﬁem or
[ETolg |k
Postenéo’f?&%&%?ﬁc@*%ee?f%eﬂfh%osrof‘a% P 2t B Bk gkt %ﬂ‘%” Hfi I Sbplies enough
electricelndoed testiviate theawded for heemapabbeerciiptign dhethin wlagrical svingg may not

g L B o L SRS L S bt ol
solar céllhﬁgﬂa% | V&R rthidlenftRliftidnts oF rthc:r ﬁéslehf‘iﬂvérﬁ%n' JRéRR trloYEsrh&Noles may be

tic over or around the cel prior to i nsertion
made ii ﬂieom by ar pehthflG80lkser smh témb@lﬂmnbcwﬁaltvwgn@ eenepis the solar cell to

V. t he t-sensitive cell 565 nmay be a sol ar
ﬂlelo{#:%ﬁﬁé}“ﬁ Oélé‘fsaﬁneb:egg aﬁ%‘ﬁ?%eén? jcated in front of
[081] (1% ASRAtOlehdIS PAE BRS ifludetEmenBly raasl Hapad S7e o re-estabhshmg the
di sposedfrom a portion of the iris of a user's ey

proper sham r@rsl@@nmg ead alignmentyofithy deypes atisr 96%&@&1@1 h@e%i igfo an eye. A
memorgmléet%ll rglgllgl%b QA t1trs ogh n% [ aﬁ)c{ attteglg%t’s Q%? ain ?t§ ?])21 i p%orh&ﬂls after being

deformé@l {0 btantpde] (iﬂhleg)elﬂgffoldéd $n @f&ﬁar@tﬁkﬁf falb ﬁr)&emeﬁ 6 tthet €ye). \Ehe memory
inventive 100 or 1OL in the anterjor, or posteriar
metal gape fustion pe ap patenphior dufugiivele charggg ﬂbf‘emvsmaf@ lgrorrgptic or for
1
i B PSRRI PhRY el BN ey s or i
to changt éetdidnetr ofithid dypamizyapaditre oo tucthabgeethe mvemtwetlwsémljmndpower
factor mhlc as the riate teBS|

have a f.or
0821 Sedmeietive om0t epve BT SE epron PO TRE SpmEE Py B fhee fnder for
) fddﬂ&’eﬁé&ﬁ HRMighREsitive cell 565 f
detecm?é@@ hol Eé?v}?r%lyatﬁbbgr nalhglg%?% the iris %?%ghﬁ/ oplt%?Eal 5711 (\:,e * .
detectm@kght ‘ém:hi ambwntt dnd/ar Hingideit go tth¢ ma{enwer lensy oz optiecthe sensor may
sol

include {5 830D DTS B AR T ORTE SPHET APRRCTGESIcE hphgfovolaic or UV

sensitivPpicto OB, d 7 IsWeteh, 3 MBIFNeNsoREd phssiRteideafindn0dédte, a time-of-flight
re- establlshlng t he proper shape, positioning and

range figidingresice, avfeye rﬁr@d@m iew deteetpr Which geieels gdigreager may be viewing, an
accelergwg%{éta}%%{nr ity eS%f y’s%g%g%t&?f tagﬁ%@al ove %‘&%ﬁ&f a cﬁﬁ‘amtwe switch
which @Mta{es behetga dl@érotbﬂ&hés (tHheo hoseXbrigdeeof Mﬁpair ef l@ecﬂ@léso Iadpnj)ﬂ diameter
g aration for |nsert|on|ntotheee Then&lgo%h
detector hio-lnes) basksisvica eRRGGIFUAS RPCHIE ERIRGIC 06 PeIiVﬁd%t&lP fy The sensor
may alg(g1 ﬁ{cg]\d@Q)PE tg’?ndéd}%( ?lg%ﬂg\r%??étug?ﬁe%%Q{H$ %g@nrwsaggx%béﬂggg adapted for
detectlﬁg @ﬁh bf the ukdras head/emrjcycéoﬂomusn of thepsérts dye. change t he
diameter of the dynamc

e or t he
[083]  Fhpeienicy antsehR ORTEY FeEIecle ?fleﬁrh PSP, detect sensory
inform t‘ﬁﬂlsarfarseﬁ@ﬁ'sfgngia% th@ E&dﬁ%ﬁexawﬁi%ﬁ %@é erBfle adibRtiSe B§c96r d{@}étwatlon of
e a range finder for detecting a d| stance to
one or nsee dimantic yomgoneotsfafah:smvé“mUesl@msm roptiey Wien the mventlve lens or optic

mcludesla% elec grgl% \trel elémén lhlavuslg g dfynamlc aperture, the sensor, by way of example only,
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detecting light that is anbient and/or incident to the
inventive lens or optic. The sensor may include, for
wez@spbdmp6 one or nore of the foll ow ng devi cesPCHUS2008/054721
phot o- detector, a photovoltaic or UV sensitive photo
cell, atilt switch, a light sensor, a passive
range-finding device, a tinme-of-flight range finding

evice,. an.eye.{.rack a vie fector i ch det
may dgjplfe dmﬁﬁsé'i}y%bg%emﬁ gw&ucgﬁqg@c @ S%Arlr@% § o bSfitcler. I an
embodite@X bffihk YoréswhtlifVntion, AhY Sdred may\bé & photd-deetvd land ey Hedecated in a
~_control, ‘a capacitive switch which sw tches when a |
peripheral apgiow o€ Hesnydnéve éene op epidgandlocged hehing fhedpec iis| lagation may be
pupi:l _di e t i.: [ "
et BBl OTELETn 5 861 s B R BHE TP BLeFBY 6 conricion
dilationT$¥eths @8 RIpupily Fiduso19 stedwsctBatein @ight, ofmixt arkmess,ovenethe neer’s pupil is
) nmechani cal system (MEMS) gyrqscopes adapted far .
dilated.fbe sensphefngestdapinest andHac gafoller Mgy gase the SXF@PB? BpeltrGp dilate or
: e ry ; A ¥ ; ;
i kSRS ] S, BT8R i consitie,
the sersensaisys ihef memadei of lighidarslethd @ngbleraiay eagdecthe dynamic aperture to

.contraller. which trigger.s the. activati on and/ or
constriefo 5 AVBATHiB APBHIGHEY BITAIR PRy B APBHETES Sl or the lack

of avaiz)d%%’eeﬂéﬂt\’{ﬁldvxeﬁ%e%n IReitold WeRichh@sd théedhiry®er | BScaike the dynamic

ptic includes an el ectro-active element having a .
aperturdyonditatec Iaghoutd regoirttérbow ¢ the, inveptiomgontdmpstasiorcating the sensor in any

. 0 -y .detect the intensity of .light and co ni cate:.
region B ARGk ororty EaRrn s g ol DGR LFRbSiments of
the preRénttiAPer¥oRS BB conYBAL in@P haldr@ fati@ywHih 8nsure that a change in
phot o- detector and may be | ocated in a peripheral

intensityeafilight isfnat fiempasss i ¢.v lasts dersmere b fhe ofgbadelay feature). Thus,
behi.nd, t 1rlsS..Jhis.lo ' . :

o S50 T o 4 BB ot

delay cfx@tis @dlohyer thie thotidk lif takdsao binid Thd adlayomapbe ldngenihen approximately

mi l. Fi%ure 19 shows that at night, or in darkness,
0.0 secqpasnandiuelgably 10 frepnds qrdonger- at ed, the sensor senses

I i C HdSEndof &y WRAPHF Gample only,

1084] 38 S RBS RN of A e o S B3 EnsoP WL Sfampl only, may

detect thealistahee itegvhicheond dy focosing.n Il the ls¢nsomdheerts thet aisser 'is focusing within a
pupil is constricted, the Setﬂrz r senses  the increas

near d{§faneq gREe o8 ORBOE TMDFRISE (g VTS FPETIS g A Bt fo produce an

increaséd® %E}%tﬁ roF feRl. CANAL brfsbr ddtb@s hah 8l wrePREOEMIE Ba¥nd @BhdAr distance
constricted until the sensor senses darkness or the

range, teodontrbllervedyl edvbe thei dynamisedpeviuee toalilatsi Nintanresehedirgent pf the present

. Wwhich case the coptroller ma ause the dynam c .

invenrighy S 0T B2 R, 401 Ot SRR BB TS Y D o5 ens placed

over edcH¥AHY. | PRh 8RB MR hes Ha0s aFdcAllehdR afie e fom a@patific distance from
region of the inventive lens or optic that works in an i

the usesjst exeu it eraple, Hiree ephot-deteqiororraye inay be userk the dggdmne having a
i nvention C r [ I f r :

sl BT BrpkAF 0 B LEF TRAEAYE Y PR Bin kot

properRfoctisesniiateymddiate distdnas tadd ftigs thivdradethasing tahfocakigalenothat properly
the del ay feature), Thus, when a user blinks his or .

focusegfor fanglisiancend syl differepges alpritim maybe Lsddp deleRing fuch array has
ke | he el . DU : '
the hlg?%% Bt r%ﬁt g%de gﬁus aﬁg\fll %k@g _F%éet rfgée{is;.y Tﬁrr% )?HE% Sfith @ Bighest contrast

tirme | t | onger
ratio mial @ius &p praixd detemhiye he@lisace fids, a esedtopmebgcath yset ifocusing on.

seconds or | onger.
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[084] In another enbodi nent of the present invention,
the sensor, by way of exanple only, may detect the
waele@samves t 0 whi ch one is focusing. |If the senBOF/US2008/054721
detects that a user is focusing within a near distance
range, the controller may cause the dynam c aperture
to constrict to produce an increased depth of field.
[085] tthhEHlﬁ be %gﬁl?e{d OCLII?{h%F ﬁsce{tg}lﬁtegﬁﬁ&irﬁéﬁ{%rolf }‘l& L QGHSE s Qref%_’q‘gi@ﬂhe sensor
e near “di stance range, the controller may cause e
and cortyolieimnay &p e émiddert by flinaatidly dperas] eaotdswischt Tfe reinete switch may
present. i nvention, the sensor pay include two or .nmore . .
send g |figngl oot dBews af r gy, EnPEopse  nBPOUEHFs GoPERMHcagRy vibration
Jorfi o dibht ERHBuhOGHR! hgh € P@¥gndte bR lnt a0t B f
commug%%{r}%rgroﬁa e Tor a specific d"ir‘é’tgg%g fron@?ﬁgﬁﬁser' S y way o
examplepaly, Baruld deerseher seise eedaoh otom,detleet @ restaurany daving diye lighting, the
sed, the fjrst one having, a.focusi | ens t.hat .
conrolf§ G P ot S REME 5 HROR PN 0% S Gnech the retina
HowevBaHidGhap ufl}%fcpﬁie Rber’ £t} ARperRiRRRE? HisthAGUSRS, subk as reading a menu.
i nternedi ate di stance, and the third one having a

The uséraoukl mgotelheonthbithe dynpeic |apertwe € the ifwntivelens|psertisde constrict the

s U0 B 5 155 AN RS b ey i 2

shows th8 Rembd1 derBi@Vdfdasndol end@smitrofleahid havelthen avéreidden ih vhidhea dynamic
hi ghest contrast ratio may thus be used to determ ne

aperture fig cefisticiadcler peardisiangspskis gn slarkobighiivg qopditigaeevensthough the user’s
s i . | 4N [

RN I T

and cofitftles @NGMse tedpaant todilss ommyaghia awenaticaltiethetely allowing the user to

manual |y operated renote switch. The repote swtch
see best ihthe it rgiairan pvikercarddp npmeaTeiEancs aikhi S’Q}%ﬁwﬂg@ Yhe remote

s B304 e AR PO M AR OTTUA AR ot i e
formedi fidmn threenkmdy nwial neterekdpl e only, shoul d the sensor

nse.a dark_.room such.as a restaurant having,dim, .
[086] [ THERESY A o ArYBI ool Mey OBEs B e G{HiEd it miterials that arc
bioconPREHIE Ukith bRatbknlcal Bbfeéts ah! Y FBr eBiobahpatibR hR@eHRIst My include, for

reti na. However, this may inpact the user's ability to
examploepdlpyinylderer fluiiriste an cen-hadioge] miguiporeys pedivirngthar ndhe substrates and

The user.could r tely coptral the nam.c _a 1
e v R 4 ARG 7 S s AP by b v
coated &PB¢ héthRtitlyl sBgle@ asSpreldi of ffpdrd 1@khihp e lAddAideal8n e wdstrates may be
the user's ability to read the nenu. Figure 20 shows

designedrie enesppiite Hisarerpioriedonigs sehdbat thayreyaied oyifhay the guhstrates.
067) OBy BRERUBURI" ALELR 00 0 HRBR OREGH U, by b bencale

foldablecimdiok kbl $o By@iied tip &g Hitlidpedwing inssrtjou phiougtsa sthilbagpdoximately 1 mm
n the near distancge task%‘_ﬂas conpl| et.ed, .t he

Whe . .
to 3 mipepCipighoPelyinat-libwdevies commenly #rd fobHerignitign 41JOL5 dging a piston
may be% Es%daag %ti#{eﬁi&totogf At Q1oWACHr BRAoIHA S PHRY! iﬁ@éngiﬁée lens or optic to be

ereby allowng the user to see best In the dim
placed rpesptedyi rveliete desired e gihat the anteriemeapostiiriet ahaeber af ke eye. Figure 21

e S S i, DS e LSRR TR ¢ i o
noted tB4t vHah kife MV chtio Bﬁﬁé 85t {5 BRPOLAMD dotaciRAPIYy BEH&ble.

material 570. [086] The substrates of the inventive

[088] |Hmbodimenspof thermysebeinyertionchaxingin dynagyi¢ apesturdean bg &t or implanted

either monocularly (in only one eye of a user) or binocularly (in both eyes of a user). Because the
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bi oconpati ble with anatom cal objects in the eye.
Bi oconpati ble materials may include, for exanple,
wW@iogad399é dene fl uori de or non-hydrogel m cropPCDUS2008/054721

perfl ouroether. The substrates and the various

el ectronics that are affixed to or enbedded within the

substrat es rray optionally be overcoat ed to be

her r I QNG i din Tiohtd
cymami i G Yo PRALShpbE «f (FUHYE Tk JLRLE R £360H W in dim lighing
condttt@r&C\a}iESﬂJtﬂlatpﬁpiﬂ ldemetdri ofulse adee wdumnamraﬁja dﬂatt:,hghret halys, @hesting, and

buried within the substrates [087] q&. an errb di. ment,
reduced Kttt e antinaioh erBerce Lagaly SIEHET v Breints. B imysatien allows for

r I I

n binodf¥ PFopANE Frec | ARE, B BRRALICA, ol RS Coeal ilays, and
contactd pyeo giatrdd abtyhaizam dyparBicrapeiture iasd ere. th¢keﬁ1y¢ sommhaslfé for far distance

devi ce commp sed for i Ian ati.on of |CLs
correctiopdp gfe ﬁi&"i/a%g dhs dinee SoprieiBa i T8, PUEG 57 eh BCOmPRIRY dlk to glare,

halos, %ﬁ%ﬂﬁ@ 8tcf Ql%@hdqge ﬁcﬁﬂt&@ futl tﬁé’tetﬁk_t in‘(f@n’dv% ptiObr RAS b4 41 Beimplanted

aced properly where desired in either the anterior
or fit unmop«zrsll@ rrma;mnerc ifalebiesd. dh addiomthe inFenfiveeptia os leosdisglosed herein can

be desgh i, PRERL KCr B! et T st Bt A bRAE pgpone may be

remotel’}h%fbc&t@& rd] AR theCceRter 0O tHéQﬁha@E 1dn€ BRethtthd @ekgitabwithin or on the
contact lens may be flexible. [088] Enbodj rrents of the

eye in grderde hettar aligmthe sentrphoxingf the dymﬁaw aPeayET toftheuser p lippofsight.
[089] grgaer“%n%”% g)lgl rhrS 9%%&%@' u@alomlﬁfm&ﬂ@%tﬁ}ﬂewﬂﬁ ahealthy but

OCU s of a user Becaus

presbyéﬂi@@)fj’bwnl& sy munmda@af&mmg @grfaﬂﬁqﬂn‘bﬁnﬁg peingle tfocs IOL static
er size at night or in dimli ghtrn condgi ti.ons,

mlifogal mamist foctF BEPLr (shfh o 98 ARG Y fogupipg IOL), or an

rm% zﬁfn i fipict el f'H'Qa[ ﬁﬂthétgﬁgb traumatized
acco thi EI h‘g{relttl anH g uger&lg arg y ell mna?eend aumatize
and is Tong rhas @Ihe],e dihdoek nutestniract oaldilateprdperly.canbiin dewdidpf pigment such as an

iris of ap . Qh ag ggg’pp%s ?xﬁ]térg |oro ]t.up.f gggg)nr%ﬁgtr%@ﬁ%é@tor Singleyision contact lens
without laa&yn%cn%%erﬁ?é’ & RIYYRATHABPRT tridefeABEnial tnllARICEl 6 Single vision

sometines fit for far distance correction in one eye
comeabmbhyrr&aqom%dzrdmmtb@rtraed}mmm aperttteea delbeperfoymingsorginderperforming

e .due to | o ostln etc
m‘ﬂnf@ﬁgEI §0g ngﬂtsgact%c& Ee(nﬁa %t g %@ op?l ¥ ‘Jionr eys, fhat has had
underp@ﬁ'&‘tﬁhéféﬁ*ﬁ@tﬁerﬁﬂf pted or fit in m)nocul ar manner, if
desired. In addltlon the inventive optic or Iens

[090] dfts‘t,fuléss eerfpeviagh lensnisheapablsi ghetrrsty fpeusine ghigop he retina. - An

underg%rg WZigns 1rs] %Ee)t {:Je?)gblg %?§’F@eflg ({ﬁglggfhgfnp?rlt gﬁeér}t@féﬂat hIn most cases, the

inventi®€ Bﬁ oﬂf:nst \bﬁl iapréve the qhatinsofisual adusty g peepivedibe the user when used
in or on the eye in order totg ter ,align the
in aSSQCé'ﬂFﬂOPanﬂaﬁiﬂé igfontisel eRpARHTIEAtPeVith tae 8P Srpuessprovided in the
I g [
el ey LT S B T B s
depth crﬂfmkbandmats te inp#itdriremevd sene, or awstioldbe highér(abmratg)ns pf a user’s eye.
10911 | Hhe gl ot G rii Eet heb kR it e clopmei istIS%d herein can be
comprﬁ!:c?ﬁf (ﬁﬂﬁﬂ%ﬁﬁic\fﬁaté@a@%htnﬁe Weltkno®h ifihe AR GRAAESR O I@Lﬁ %ntact lenses,

dynam c aperture, an eye having an iris
or corhaed ey fThaunattidedambd flexitleon nohdlexibldolle ong remhielgnent of the

mventlggg(ﬁétg%horéﬁvgt@ngéwgﬁivgt I%(? 18 FBr?ardeydut at\qlo app?oxu%gtg y 166 ?m layers of a
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iris of certain albinos, a fully perform ng or
underperform ng nultifocal or single vision contact

wo ens/10d90dout a dynami c aperture, a fully perfPCHUSIH0LO54721
undef erforrning multifocal or single vision corneal
inlay or corneal onlay w thout a dynam c aperture, a
fully performng or underperform ng nultifocal or

i ngl e vi.si.on. spectacle.|le i . ' . :
potyfafy Gkt ViR bR S G R RIRE il (o may be
doped wathra@threR &Y, Iptiynal gp@&ﬁ]zmé\ 1ayfers, pywpesipplyricagiolleg mensos and other

capabl e of properly focusing light on the retina. An |
needed"dlentroniser E@ﬁhnlg@ﬁ?m latier isgiserbto forpabflexible oprelpis fhgt sandwiches and

focusi ng .ligh n.the.retina., | . ..
noses SO 304 P0Gt e OB EORRs U oo ovie s
approxMhaisl3 5009w bYledS TR Gifdr\d@and®t Jffiis paticuldheibat@enti i a%proﬁmately

association with and in optical communication with the

9.0 mradrototnsludivgrapiyelsppiedy | Besdmventivedl Q) swscbnganshleagf bairg folded and
e S50 S b M A AR 5P a2 B g s 1o et

embodindhtofthOnvERIBRY £ HHOBFerCst mdsdry detdl ieutiligh es part of the inventive I00
__aberrations of a user's eye. {029,1] The inventive |ens ,
to aid igropsping ¢he 1R thds sropenshape ard fogatinn afigs itdyas pgep inserted into the eye’s
. discl I n can be conprised of ophthahnic
amenoﬁ%’i%orsf%%ﬁgd{gﬁg)?}'ar e well known in the art and used for
[092] |1@)s6me embbdigientseifi Sesresent inudntion)] a timloay $iltelinay haineoipatated into the

] can be flexible aor. non-f]exible. |n one,. odi t .of )
inventiyp keng Ay it Altereh §%%J5’lua Eht o bt e it e fior tnt may
also belud®d Qﬁ'e WBhRsY. ig:ﬂx&ﬁvié@skﬁ)’c%fv%d 9? t1RAREY sul phone

mat e appr opr

rial having the late efectrodes, liquid
[093] cThestiahéteme theld oalOL ietheemmyppiosingsqle d nwintand approximately 10 mm

ot ny S Pt b B RS e G s P pR B appicaion. Ot
dﬁneng&g%gﬁ%ggig@as%gh 100 ?mlayer is used to forma
tl'exi bl e envel ope that sandw ches and houses the

[094] eWaen nsedias @ camtakinkayt the diemmdteref et v ¢ndive optieor lspshaving a dynamic
aprtu o 6 o L AR B, Y BRERY T Mo, Wimvenie

optic o€ THA9 GATRAE aldfandidibRNIdRR bEpr¥xithaltlyi{maid apped:ticiaely BNym. In some
haptics). The inventive 100 may be capable of being )
embodira¢rde af thednyentienst thel opter sunfare abyiee syhsBrighmay dggurved to substantially

urgi.cal i ncisj 0 ' r |
o 3 45 0 K R L S B o o
used inREeNAct IERE)Aln bihetdrbodiachts shepaitdr saffacelo sulstratng mapbé fianar.

to aid in opening the Q0 to its proper .shape and . .
[095] | Bigarei SnsheReim {1D0h decaisdoin PRsuRE SRES @y gvg and in optical

comm%ﬁn_{:)aggh%ﬂ?% lgagﬁl;lﬁr .&Ey@g'&g@faﬂh{eoﬁg a&é&rcﬁﬂgt%o an embodiment of the

I mrents pre t ‘invention, atin or a . .
presenf invergtionmdigire 9ishows poi@Odocatadt i anlaeterioy emnibee of amsyeoand in optical

commgfﬂégrngnzyyq@ra:ghhﬂaﬁgér%&g gae]; g%lf)gclj:lﬂg?tl c{f ?f?f{ pr%s%g}{ ig{/%iog.eFigure 10 shows

an 00 36&3tdd0n SANARERr ERMBADY af @HS hhd M bpticBBcN&EGEMRE With an IOL that
the user. [093] The dianmeter of the 10O or IQL is

correctsdbue rdisipise ossiom bely yacBordimg in dmagsphadicnenitad|the pesenhinvention. The
emboc 3 £55h SRR HE0 ) T IBRE A R UHEor seld o

providing near distance and/or intermediate distance correction. Figure 11 shows an IOO located in

an anterior chamber of an eye and in optical communication with an IOL that corrects for far
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di mensi ons are possible as well. [094] When used as a
corneal inlay, the dianeter of the inventive optic or

WO ews/168906 ng a dynam c aperture nust be | ess tPEIUS1008/054721
di aneter of the cornea. Wien used as a contact |ens,
the inventive optic or |lens can have a dianeter
bet ween approximately 5 mm and approximately 14 mm In

. di t f.the |nventi ' : .
s SRS B i B R ERAh EASRgn.
embodinft@t ShewiRtin Fesued 11 haay bt neeful reprousiag am iwcreasech depth of field for

_inlay) or the surface of the e (whe Sledrjéﬂ a :or chamb
providiog Hidmediats fiyiance foBehior. Biaitul FME S 4AD ot inderigeer chamber
of an e%ﬁ(?#’%ié%t%?éox%ﬁni@ﬁi&l WHilthn %ggbgd@:orgf]pg Y5 Gn &nHdaNEen@Bf the present

I'n an anterior c er of "an eye and in
inventiopt Figade 13ashows ian 0L diaving tahlyaathzadpettyre pn geippotiincof the IOL closest to

¢rystalling I ens accordin an_enbodi nent of t
the eye’} BURRECPHIFEh1a B STBPYEE of O e T B dEw T shgys an 1OL
having aan(?fﬁxu[ain% apDRPPE! the fmitflie HORIANSE thB IOPtdce@ding to an embodiment of the
corfmuni cation wth an | according to an enbodi ment
presentaifivérttienp Fegen S ishowenai 81 hevigg relynemishanggurgrin (tecportion of the IOL
| ogated in.an anterior ch er of..an _eye, and | .
closest 3 13 SRR ULEE G O RSPl PRE gL ARGl fjgure 16 showsa
corneall #llaydh¥iRd Gedptafii® Ap&ihy iREpaEAl ddghrh@i@fioe Wgd anmalthy presbyopic
t he "present invention. The enbodi ment shown_in Figure
crystallig lenyadserdirgtoan ¢rabodimentiofithaypigsent fvieatiene dFigwist 47 $ows a corneal

. fi.el d.for .provjdi. r.di 0 i ' :
R g R e i
of the [RBse@fh@éritioh. BiiBsiebe abtednha yids Avtchoksible o shoa all possible embodiments,
_comunication wth an IOl that corrects Ior d Al
combiragipes, sphAtEeTITES Oiriha REPSFE dRveatian aReleeXpmplco A CaRBCH g A @ corme
. . e i ill be
iy R ALRRAIE ol b8 B DA B @y, B, octimens
apparefirtotiodé sigllahinitincareased depth of field for providing

i nternedj a di st ance correction. Figure sho an
0961 | e a0 S B B S B e 6 SRSyl procedure
that m&%'acc%nv&ﬁmw&a%tﬁautvﬂ liyhatfic hfdeti@E C AlEinAEvlY 1B inventive 100 or
enbodi nent of the present” invention. Figure 13 shows
IOL may bk Gurghally rgperted pha foltova pestgicel procedvee heyirs.j dapis, gFeeks gnonths, or

I.OL. clos to the eye's pupil according to an
years%@apﬁ%&ﬁibgfsu{gﬁg.pr esent invention. Figure 14 shows

[097] 8uck&dsfuld BperifioR EyihBNMinGeRRE! letd Oridptichie ddpdsiedt PPOH | dhitaining the
of the ICL according to an enbodi nent of the present

maximiuny eleware tringission Shiohehnsthemesty waspHENtaaRpHEnfRd the minimum

erture in.th t 0 St .
alowofSb%5 550 ABE T HERNEDPE RS bR s conduce
with néutae Bérsn (ND) optical fillers RN valoesisaivedn) ayd h@ui which holes having a

ynam ¢ aperture in gptical comunication with . a

d
1.5 mm digmety Werelopyembindhe filfers 5 ¢rpaie apERESSa L 3G Hperienfs, a second filter

was plg&taooqr'e tap%lr% '&?siﬂﬁlﬁa%eefglg ﬁaﬂéﬁﬁﬁﬁﬁ&'}hmﬁglg ereagél%uré.h QSitrd density is

corneal "Infay having a dynamc aperturé in optica

measufiNlight eaisinittneé bdsedion h Bgarthave shafegpntios winteshtb dinki tramsmission (T) via
of .the present invention. It should be noted, that it

the follogving;kelatigaeiily] e t o show al | possi bl e enmbodi nent s,

T=1000bi nations, and placenments of the present invertgu@fien 1

For exanple, a contact |lens and a corneal
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i nl ay enbodi nent having a dynam c aperture are not
shown. However, these enbodinents wll be apparent to
wo beseomiké | led in the art. [096] The inventi vePdTIISM08/054721

ICL can be surgically inserted during the initia

surgical procedure that inserts a conventional |10OL

W t hout a dynami c aperture. Alternatively, the
[098] Tlﬁ]ﬁ%ré&})%rﬁnén%? gig%r%so@'még dh?&oﬁﬁgﬁé}r@q}eg c;/lggéstsrtﬁ ¢ ®F a Bon-corrected
+2. SODmrmHyspw @atlgma The afeskeropicheatient lboladd at @lnesruvigjen garge[t Ggé’gprommately

13 mchs% ét%s a’ug}a eerygtk;ferg}qg}? {l?ﬁta{;%@lrnv _nt| %%\clrv]%?ﬁsy\lﬂﬂgqtéu anapeﬁure works

s%gts gsanld Haidd o Rsubl: hf BrsP@n&Adt sRANIY Bt only und
fOrmCIjg%d ([gg m ni rru?nsl;glié %%‘be transar% ssion tnhr ojgh t9 onLy uneer
certain poslitionsopaque annular regi on. Experinents were

(099) T gtas e e ot S8 SRR rbhithe REF il e FlgBp genspace

apertur@ whs Res§haflia Pﬁ@kﬂatéw 08 (TosrBRék thih &ﬂ}:ﬁoﬁmh{e?f $0% YandrtB@l#ference in

apertures. In sone experinents, a second I ter was
ND valgesshesaieamibe mopily taqg@pazr@nt@p@r@ng rpe it freosily epague aaprles wgscgseater than
t I f
s DAY I8 EREEE SRR ot GOSN B S5 ngl e e mosty
transpateit bigdrauteethay O lde tHan aPpTokBRdteln 0((514) (Wgraatémmari apgroxiimagly 90%) and
. relationship: T = 10 Equation 1[ 098]
the NDeafifhe mestht opadHe anqulysds ereaist #@p&ppwm%ay 1 (Ta]ﬁ?ﬁ tha gpproximately
0 I
10%). MWEREE R (YR THend, B0 VAL GG e T AR Sperture and
the mos»tlyscbpaqud amybis cah cappensate et schigh ND valohasthé nosily trensparent aperture,
ient's eye through the aperture. s, di scovered
it il bt S8 s iPls et & vsralPpomishig pb b i PHesiR o
field by provi di ng good visual acuity and contrast
sensitivity, but only under certain conditions. [099]
In general, the best results were obtained when the ND
val ue of the nostly transparent aperture was |ess than
approximately 0.1 (T greater than approximtely 80%
and the difference in ND val ues between the nostly
transparent aperture and the nostly opaque annul us was
greater than approximately 0.3. In a preferred
enbodi nent of the invention, the ND value for the
nostly transparent aperture nmay be | ess than
approximately 0.04 (T greater than approximately 90%
.and the ND of the nostly opaque annulus is greater
than approximately 1.0 (T | ess than approxi mately
10% . Wiile increasing the difference in ND val ues
between the nostly transparent aperture and the nostly
opaque annul us can conpensate for a high ND value in
the nostly transparent aperture, it will lead to an
undesirabl e decrease in overall transm ssion of |ight
to the retina. THE CLAIMS What is clained is:
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1. An ophthalmc device, conprising: an el ectro-active
el ement conprising a nostly transparent dynam c
wa@p@siioses havi ng an al terabl e di aneter and a nPGIL/UF2008/054721

opaque annulus for providing an increased depth of

field, wherein the ophthalmc device is in optica

communi cation with one of an intraocular |lens, a

corneal inlay, a corneatHthgxﬂwg contact lens, or a

spectacl e | ens having an optical power for prOV|d|ng
’WmmJQMwhmést a partial correction of a refractive error of

ui r:s. giye.. 2. The. ophthal m ¢ device of Caiml,
almic feXice, OMPriSiig ve el ement further conprises: a

att Ie!e%tro%ﬁ% 'él%hfént %oﬁ&bﬂﬁﬁ!g'é YnoRfly @a8&tak & &fyndin®d ®Maving an
a surface of said first substrate; a second substrate
alteseble glamemraﬂé@emsél@mng@u@g ifcfratrQVIdmg@audcreasp@ tlepth of field,

ubst at e; Ie el.ectr.ode dis d on sald urftz%\
1 B B8Ee FLPGPEHG DR BRaERp SR Rlehy W ihAERutar tens,
a ¥Bine4ll inlayda amsﬁdmtaejt Weehkaéthiend, € h Bfectdtld RESBavdhg 8@bptical power
first and said second substrates, erein sail d
qum\admgw Iepstel patial Geraection of pdelraskive cHgTfA WSCEBEY L ur e
2. V\g &ﬁéﬂu@@&% u(?f Claim r\?hé}@ Q%H% e%g-agﬁ“yé éigx%qgﬁt fgtﬁlér'@m]npnses
I'n sard er sai ure
aﬁlrstteﬁlaimia&a to a fuIIy di | ated size or to a fully
constrl ted S‘iﬁ 4. The opht ha] m deV|ce of Claim 3,
g

2 pHERIEY T elspiao pagd opra Stage %}B’é'iff‘tﬁre i s
a5l 3bfralehadfy DY FroflgXaR IFMEATGRENS Sttt

aemgtdﬂdaannode disposed onfsaidl saifavdof sakeseeom sibstoatetizadet er  of
i d t | i.cat f t 0.
KON ENE NN T EN T I T RC—

s@strfde@l M 2, wherein said electro- act ive materi al

conprises a bi stable liquid crystal. 7. The
Wd)plmrhwld'm]@radléw ptdeafodes piovidz, sat h@xc amrtprq @dn;gldamnulus
ont era connecit ed. to I
3. 15PRbhMlEk RN Yl faFheifin S il yRhmic aperture is

altdtaB10 € a GANRiasddtizeora6 A Fally &ﬁl@frﬁtﬂdysuﬁéon nect ed t o said
controller. 9. The ophthal mc device of Caim

4. Tapepbibaligj devicsnefr Glaier 3. whespiar said ;dwé@ﬁ’me@f gaid tdynalmc aperture is
aﬁv\ﬁé@é It(?] &g%%ry %1% V%z;gg gﬁtg%% E‘]ﬁé ﬁ%l cﬁﬁYéd‘r:rsgzree dhI i 1?11? constricted size.

5. Theophthg@dbldevibabf €ldigs2, wherein said diameter of said dynamic is alterable by
application of voltage to said plurality of electrodes.

6. The ophthalmic device of Claim 2, wherein said electro-active material comprises a bi-
stable liquid crystal.

7.  The ophthalmic device of Claim 2, further comprising a controller operably connected to
said plurality of electrodes.

8.  The ophthalmic device of Claim 7, further comprising a sensor operably connected to said
controller.

9.  The ophthalmic device of Claim 7, wherein said controller is operably connected to a

power supply.
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10.

11.

12.

13.

14.

15.

16.

17.

18.
19.

20.

21.

22.

11. The ophthal m c device of Caim 10, wherein a first
of said thin filmrechargeable batteries is used
WO piositadobey and a second of said thin filmrecheerestyhe054721
batteries is used when said first of said thin film
rechargeabl e batteries is no |longer operable. 12. The
ophthal mic device of Caim38, wherein said controller
& [
P%eo‘fyggﬁ aI dne?éﬂzg: rgev%%gntg? v%e%ug Ig%ﬁeé}ﬁ’ézetr sﬁﬁplg% ne b ‘more thin film
rdﬁaq&ﬂﬂebaﬁmﬁﬁJd dynan1c aperture can be altered

é‘i%ﬁ ﬁ(lgle@éﬁf’ pht a, effgg gv %%ggéﬂm%c%geable batteries
id @ée@‘iﬁhﬁﬂiy 51?&’@5&'0}161 oft id ﬁﬁﬁ ﬁ‘i’rﬁ%&é&é@aﬂe daMERR 1§’tlseq| WheR said first

2, further conprising a first polarizer disposed on
0§andﬂﬁnﬁ§nrsub&ﬁadtéa@mumass@kmgdxnmmﬁMazer d|sposed

188 oBRlnStgdE SPNEe BEERIR X, Foelit it Patfly b CrpteofifhuRediél o a ight-

s@@hﬁ@&kn1c devi ce of Cla|n115 wherein a centra
region of said polarizers is renoved. 17. The

Thplophtipkmie dgwige o€ Climd, avherein seideliameiessef] sid dynamic aperture can be
tive material is doped with a dichroic dye.

ﬁ%gg%%ﬁbé'hthaln1c device of Claim2, wherein said

The Wwpathalricodevideesit CRAS], avleergihxhe aékter: ofl Shid BhBamic aperture can be

opht hal m ¢ _device of daim 1, wherein said nostly

relpetedygmetaly-aper ture has a neutral density of |ess

| “
PSP PRSCHLTEL oy, 28 AL LR o on s
suimﬁ'ateadndohemnnd/ polarigereditsed baraidmecaxi subbtedty, Wheleindhid first and

The op n1c device of Jaim1l, wherein the
S@Bﬁ? @§@€€3P§mﬁP8%P6P@ and i s capabl e of being

THe 'b?ht‘ﬁﬁlhﬂl&f dbRd BNERAN 115! Wh&Bing, daRhE] ré%ﬁﬁ Of sad Ipoﬁﬁzers is removed.

ophthal m ¢ device, conprising: an el edtro-act
Ték expbthalmeiondsvicsi QfgCIalrmi’stthretm anidpeledro-adtiyn anaterial is doped with a
4@ entgre having an alterable dianmeter and a nostly

Y%nnul us for provi di ng an i ncreased depth of
The @Eﬂmamh@ devibe SPCRiRLewhéremAGld Marafiteoidctioded &t paliRted.

one of an intraocular |ens, a corneal inlay, a

Téle opbhplnga dgyice of Claigoht wleareineaisl masthhigansnarept apszire has a neutral
dQ&S\f{\S ofﬁe%gtlﬁn%¥gr%§1 dlglg, d'le.ast a partial correction of a

ve er a‘user's eye. 23. The ophthal mc

Te\dphthalthicGi@iide @2 Clathet ewhadeth €di@ Ghostlyaspaque a@heli® s a neutral

further conprises: a first substrate;
density of greater than approximately 0.3.

The ophthalmic device of Claim 1, wherein the ophthalmic device is flexible and is capable
of being surgically implanted into said user’s eye.

An ophthalmic device, comprising:

an electro-active element comprising a mostly transparent dynamic aperture having an
alterable diameter and a mostly opaque annulus for providing an increased depth of field,
wherein said electro-active element is integral with one of an intraocular lens, a corneal
inlay, a corneal onlay, or a contact lens having an optical power for providing at least a

partial correction of a refractive error of a user’s eye.
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23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

a plurality of electrodes di sposed on a surface of
said first substrate; a second substrate having a
W@ eoBaeod aci ng said surface of said first subBCT/EHSB)S/@54721
singl e el ectrode di sposed on said surface of said
second substrate; and an el ectro-active materia
di sposed between the facing surfaces of said first and

@?ég?@g@ﬁ@ BeibPSE ERLE §% WHGE §if RMrH-aPhW éﬂn%&l% fﬁ%her comprises:

provide said dynam c aperture an
aéhﬂuhhﬁnﬂé4 The ophthal mc deV|ce of Claim 22
wher gi n s (ge ter. of sa erture is

agplyraityinfe eetso Pe§ed 1 3¢ cg P %alglﬁrse BUbSIRGH |y
a%@&ﬁl‘drshﬁu%@e a Qrfacd ﬁﬁuﬂ%ﬁ%&d"ﬁfrﬂb@ ofi&Yd fifst Qlbstrhdi M

wher ei n sa di anet er sald dynam c aperture’is
aalrtgh clbdtwde dl&pﬂ@d(}m st |rce eﬁsabbﬂsame@s@airde;‘ andl y

oD PR BeGah Gioved oSt Thcibbhfeci it aid second

s@bstiakd dynamic is alterable by appllcatlon of vol tage
to said plurality of electrodes. 27. The ophthal nmc
whetdie eaid plugiliy of glgstrades prividesaididyalamie apsrtaeg andesaid annulus.

R SR SB0 iR . SR RS g e i

aBer@blattd @IfhIBr dikpel gk or 16 afuly t@tbtridedsdidl pl ural ity of
el ectrodes. 29. The ophthalm ¢ device of O aim 28,

Tig raphhalmisgsicsi ?fngim@e?rﬂs orhespie saldl Jiamesicn of said dsgiagu¢ gperture is
a&ﬁrﬁgle% b&e or dl'?lgre ST bERILER "é‘élﬁ"fﬁll 1&PsiOd ard @l df?uﬁ? rconstricted size.

erel n sal controller 1s op era ); connecte
Tihewphthalmgpldgvicd df Cldim zmmmmmmd déameater offsaid dyinam3dis alterable by

ere ald omer SUppRlY LS one or nore thin film
apg&ﬁﬁ?@@ HiF%4PE§ﬁt%9%e?ﬂ€xG§hthaIn1c devi ce of
Tge%ﬁmlégrmb%@{)@'d? @afnh 3! whbrefPiAd ERERoLLLVE material co dpnses a bi-

recharg atteries is used initially and a secon
swmkdawdimumm.f|In1rechargeab|e batteries is used when

ald st of. sal.d.thin filmrechargeabl e tteri S

THE oPaiic SBeieR A Eles. AR sHEMAr RS GEVPLY GPIaginccted to
Sga,plwﬁ%@f@bg@b&scont roller is operable connected to a
| ight-sensitive cell. 34. The ophthal m c device of

T@IE aphthalmic dreeepFiClin @8dfuather eompisings senagienerably connected to said
apentyre can be altered remptely.35. The ophthal mc

eVice of Claim22, wherein the center of said dynami c
Thb&fphthaémieadevit® of Claim 28, wherein said controller is operably connected to a

power supply.

The ophthalmic device of Claim 30, wherein said power supply is one or more thin film
rechargeable batteries. |

The ophthalmic device of Claim 31, wherein a first of said thin film rechargeable batteries
is used initially and a second of said thin film rechargeable batteries is used when said first
of said thin film rechargeable batteries is no longer operable.

The ophthalmic device of Claim 29, wherein said controller is operable connected to a
light-sensitive cell.

The ophthalmic device of Claim 22, wherein said diameter of said dynamic aperture can be

altered remotely.
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35.
36.

37.
38.

39.
40.

41.
42.

43.

44.

rel ocated renotely. 36. The ophthal m c device of Claim

23, further conprising a first polarizer disposed on
W@ a008/163996t substrate and a second pol ari zer dPGPUSEAS/054721

on said second substrate, wherein said first and said

second pol arizers are crossed polarizers. 37. The

ophthal m c device of Caim36, wherein a central

THE o WLe B Gt P b g ¥Eer I soid Wnamic aperture can be
radb@tddrromaty.ve material is doped with a dichroic dye.

TRR GPEPHEJE GEVIEr B 1680E cRhs, PN o S Ppliae disposed on said

R RLBHaME £dde¥6Rd Phlafib@! dyRRed ¥ 8%iBIsBctRl SIbIRRE | Wherein said first
transparent aperture has a neutral density of |ess

andhsmd sgepndrolariras gre@rdssedipolaritess. opht hal mi ¢ devi ce of

The B Fafimie AT o105 darbieryiateautioRPhal Shg befiorys removed
The @pRBAIIa deViee €\Al&t 23, whabil A7 el¥hRS-8dtiveliferial is doped with a

ophthal mc device is flexible and is capable of being
dig é¥lly inplanted into said user's eye. 43. An

9P IR0 SR RO R b -GS} b

Tae pglithalalic devieeef Claim O, ahéefy @td meetlefrimpaht SetSey hs a neutral
and a second, el ectro-active el enment having

eye,;
denisi oh tess Biap gopreximately 1. power conprising a nostly
t ] t AV -
ThE SRR L WO PLAEE s o @ neo
density ef geedted dpnlappfoxirmatbly,0.3Wherein said first and said

Th AR B, 31155 o Clen 25 Hsreinahe ophighmiendryies:is flexible and is
CARBICR bR SIIY ImpBRiddl BRI LRI RELL ¥ €l ement

conprising a nostly transparent dynamc aperture
Amnepphtiglmaie devicercbipsisiiganet er and a nostly opaque

nul us for,.providi an increased depth of fi.eld .
a et et Rk B R fla s o ORRRT SoRER DL Pl viRiGe i least a partial
coredcfioabes réfRlcald ¥Rorl o 221sU8SEyes ahd Ne of sight.45. An
opht hal m ¢ device, conprising: an el ectro-active

a gpeond plectormgiive elagent haying spbsteatind yarceenticdl pewirccomprising a mostly
R RN P B PR i B0 R e st
piavilifly an increased depth of field,

wherein said first and said second electro-active elements are in optical communication
with each other.

An ophthalmic device, comprising:

an electro-active element comprising a mostly transparent dynamic aperture having an
alterable diameter and a mostly opaque annulus for providing an increased depth of field,
wherein the center of said dynamic aperture may be relocated relative to a user’s line of

sight.
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45.

46.

47.

48.

49.

wherein the ophthalmc device is in optica

communi cation with a I ens having an optical power for
w@e@silaiong at | east a partial correction of a PCT/US2008/054721

refractive error of a user's eye, and wherein said

i ncreased depth of field and said |lens provide for a

nostly conti nuous range of perceived focus. 46. The

] q [ f. Claim1l, wherein said increased
A%@%F%@%ﬂk?%gﬁ§c%§13§l s for a nostly continuous range
awfelepero-aetivee dicheati somrsing e mopthy hahspacerd elynamicobpdchme faving an

22, erein said increased depth of field provid f or
a%r:rﬂ%éﬁapeé%ﬁp ATTLY CRAE 2BRUYE ?%r@r% mﬁ@_&d’%‘?re%g‘? dap of feld,
wRBRID e BphfMicChRvRE igi@fbmiéa% coMiffaRiaflon Hith 4 N5 4A98Y an optical

depth of field provides for a nostly continuous rang
powerfer peividing dtdeassa pafial cinecophofwmiefiactiveariar of efuséf sdyey and

B S S A B 5, B U e et

perceived focus.

The ophthalmic device of Claim 1, wherein said increased depth of field provides for a
mostly continuous range of perceived focus.
The ophthalmic device of Claim 22, wherein said increased depth of field provides for a
mostly continuous range of perceived focus.
The ophthalmic device of Claim 43, wherein said increased depth of field provides for a
mostly continuous range of perceived focus.
The ophthalmic device of Claim 44, wherein said increased depth of field provides for a

mostly continuous range of perceived focus.
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