WO 2008/ 103906PCT1US20081054721 Opht hal m ¢ Dynam c Aperture |Inventors:

Ronal d D Blum Joshua N. Haddock, W I Iiam Kokonaski, Anthony Van Heugten,
and John Hunkel er CROSS REFERENCE TO RELATED APPLI CATIONS [1] This

appl i cati onwe®l 208396 i ority from and i ncorporates by reP@FeseB/05472t heir
entirety the follow ng provisional application: U S. Serial No. 60/902, 866
filed on 23 February 2007 and entitled "El ectro-Active Ophthal mc Device
for the Correction of Refractive Errors of the Human Eye"; U. S. Serial No.
61/ 020, 759 filed on 14 Januamyphieidicichaeiit Apkeadre El ectra- Active Ophthal mic

Optic or Lens w a rt ) 348 filed
on 1 FeerﬁY‘W%%@ ’ga EH’(“P ?B%& wR&ﬁ%f@a]ﬁ%’gW’? %gf‘m??}%%% on%%ugtue’s for
an Ophthal m c Lens or Optic Conpri®ifoeh Buwderkral Aperture for Providing

I ncreased Depth of Focus".

CROSS REFERENCE TO RELATED APPLICATIONS
[01] This application claims priority from and incorporates by reference in their entirety the
following provisional application:
U.S. Serial No. 60/902,866 filed on 23 February 2007 and entitled “Electro-Active
Ophthalmic Device for the Correction of Refractive Errors of the Human Eye”;
U.S. Serial No. 61/020,759 filed on 14 January 2008 and entitled “Electro-Active
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U.S. Serial No. 61/025,348 filed on 1 February 2008 and entitled “Range of Optical
Transmission Values for an Ophthalmic Lens or Optic Comprising a Central Aperture for
Providing Increased Depth of Focus”.

BACKGROUND OF THE INVENTION
Field of the Invention

[02] ‘The present invention relates to an intraocular optic, an intraocular lens, a corneal inlay, a
corneal onlay, and a contact lens. More specifically, the present invention relates to an intraocular
optic, an intraocular lens, a comeal inlay, a corneal onlay, and a contact lens having a dynamic
aperture for increasing depth of field which may be used in optical communication or 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
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havi ng an optical power for SHMVARNWGT IR ENYENIIQN tial correction of a
refracti y@4r (05 QhbRHSRLE fie @¥dSent invention, an ophthalmic device may include an electro-

active element that may include a mostly transparent dynamic aperture having an alterable diameter
and a mostly opaque annulus for providing an increased depth of field, wherein the ophthalmic
device is in optical communication with one of an intraccular lens, a comeal inlay, a corneal onlay,
a contact lens, or a spectacle lens having an optical power for providing at least a partial correction
of a refractive error of a user’s eye.

[015] In an embodiment of the present invention, an ophthalmic device may include an electro-
active element that may include a mostly transparent dynamic aperture having an alterable diameter
and a mostly opague annulus for providing an increased depth of field, wherein the electro-active
element is integral with one of an intraccular 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

eve.



WO 2008/ 103906PCT/ US2008/ 054721 [16] In an enbodi nent of the present

i nvention, an ophthalmc device may include a first electroactive el enent
havi ng an optical power for providing at | east a partial correction of a
refractive &Owps/wpva user's eye. The opht hal mi ¢ devi cePERYSHWIBHRT | ncl ude
a second el ectro-active el enent having substantially no optical power that
may include a nostly transparent dynam c aperture having an alterable
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Enbodi nents of the invention be understo appregbhe ated nore fully

from t he thedirston thg serepdslra-agisetapais 81 1 APticahio HWB{“%CB?PI’\/W 2 dhes gur es,
whi ch ar ﬁ dlr"/j:t i 81 BldBnert B W@' %?Tdt Hri‘x@nt{o?lf &1 SRR TR Say ﬂﬁluﬂ@h@electro-

correspo ogous or el ements, and in which: [19] Flege;re 1
shows a @pt@@@imtth@mnayfmcéudq@amctsﬂwmwwtéy@mc frpoyre bEeg & diarabls nse
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el ement havi apert 2B shows a col | apsed
Cross- sed@mmahpesﬂ@enambeu\clm:fateﬂmate'bwmso;ameio\felghﬂ ement of Figure 2A; [22]
Figure 3 shows a plurality of electrode rings operable for creating a
dynam c aperture; ,

BRIEF DESCRIPTION OF THE DRAWINGS

[018} Embodiments of the invention will be understood and appreciated more fully from the
following detailed description in conjunction with the figures, which are not to scale, in which like
reference numerals indicate corresponding, analogous or similar elements, and in which:

[019] Figure 1 shows a cross section of a healthy human eye;

[020] Figure 2A shows an exploded cross-sectional side view of an embodiment of an electro-
active element having a dynamic aperture;

[021] Figure 2B shows a collapsed cross-sectional side view of the electro-active element of
Figure 2A;

[022] Figure 3 shows a phurality of electrode rings operable for creating a dynamic aperture;

[023] Figure 4A shows an exploded cross-sectional side view of an embodiment of an electro-
active element having a dynamic aperture;

[024] Figure 4B shows a collapsed cross-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 ditferent
arrangements of ring electrodes shown in Figure 5 in accordance with an embodiment of the present

invention;



[23] Figure 4A shows an expl oded cross-sectional side view of an enbodi nment
of an el ectroactive elenent having a dynam c aperture; [24] Figure 4B
shows a col | apsed cross-sectional side view of the electro-active el enent
of Figure 4mW020p2B8po0Fi gure 5 shows several arrangenent sPOF/U%ies/08478¢t r ode
rings shown in Figure 3 wherein the geonetric center of a dynamc aperture
may be repositioned relative to the geonetric center of one's pupil in
accordance with an enbodi nent of the present invention; [26] Figure 6
shows a starkrigfrel 7X78] SAITOsIAG VR IBhAREHT Be ifvaitiorayviegahiyhmivspdnfor the
different arrangenents of ring electrodes shown in Figure 5 in accordance
with an ehisareHsel ase comerl Blaysemieal oanet R A IGE
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present [0R9nkigoe; 9 1093 ari R dogted hivwan gnterioD chambst OF dnnessn i ik oPBal
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[030] Figure 10 shows an OO located in an anterior chamber of an eye and in optical
communication with an IOL that corrects for far distance vision only according to an embodiment
of the present invention;

[031] Figure 11 shows an QO located in an anterior chamber of an eye and in optical

communication with an IOL that corrects for far distance vision and near distance vision according

to an embodiment of the present invention;

[032] Figure 12 shows an 10O located in a posterior chamber of an eye and in optical

communication with an IOL according to an embodiment of the present invention,

[033] Figure 13 shows an IOL having a dynamic aperture in the portion of the TOL closest to the
eye’s pupil according to an embodiment of the present invention;

[034] Figure 14 shows an IOL having a dynamic aperture in the middle portion of the IOL
according to an embodiment of the present invention;

[035] Figure 15 shows an IOL having a dynamic aperture in the portion of the IOL closest to the
eye’s retina according to an embodiment of the present invention,

[036] Figure 16 shows a corneal inlay having a dynamic aperture in optical communication with a
healthy presbyopic crystalline lens according to an embodiment of the present invention;

{037] Figure 17 shows a corneal inlay having a dynamic aperture in optical communication with
an JOL 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 2 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;



[30] Figure 10 shows an IQU |l ocated in an anterior chanber of an eye and in
optical communication with an 1OL that corrects for fax distance vision
only according to an enbodi nrent of the present invention; [31] Figure 11
shows an TO®d westeedsi n an anterior chanber of an eye abPl/ustiesHs47gal

comuni cation with an IOL that corrects for far distance vision and near

di stance vision according to an enbodi nent of the present invention; [32]
Fi gure 12 shows an 100 | ocated in a posterior chanber of an eye and in
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aperture in tﬁe m ddl e portion of the FCL according to an enbodi ment of the
present ﬂﬁuéﬁﬁﬂdﬁmmﬂﬁsgﬁ Figure 15 shows an 1 OL having a dynam c aperture
in the pﬁdizhloiii & 21 Mok Aol @ROSHiv epﬂchﬁ 18 Baving Bk bPAoRELRECATe bRmailts
enbodi e e present invention;  [36] Figure 16 shows a corneal inlay
havi ng a ackprding to aap@b@d;m@ltpﬁhﬁpﬁe@blm%ﬁﬁmm cation with a heal thy
presbyopic crystalline |l ens according to an enbodi nent of the present

I nvention; - [37] Figure 17 shows a corneal inlay havig&ﬁa dynam c aperture
in optical conmuni caDESGREPTWI‘éﬁFITIEQWE&R@Em Bdi nent of the

present g@%ﬁ Q%IBSE?CFO La8L Haure 18 whows, %Q%Emcqullog&tf 78 JeraBE ith ﬁlbght

when a u P COnatTT Cte a Sensor-sen the 1 ncrease of |1 ght
and a conpplizhfierofrkeytrica usa&g;a T};emaarabie aptiat progery maarveghoeetampleaenticgleoaks ment

to const r’fcl)caf leng[h o8 &racr;tgo%ne cnency, D:legtﬁ of %bl(ad{:raqlgl%ttagge %ut&l.engp 5&&%’"& b DR RR:

of the above. An electro-active element may be constructed from two substrates. An electro-active

material may be disposed between the two substrates. The substrates may be shaped and sized to
ensure that the electro-active material is contained within the substrates and cannot leak out. One or
more electrodes may be disposed on each surface of the substrates that is in contact with the electro-
active material. The electro-active element may include a power supply operably connected to a
controller. The conftroller may be operably connected to the electrodes by way of electrical
connections to apply one or more voltages to each of the electrodes. When electrical energy is
applied to the electro-active material by way of the electrodes, the electro-active material’s optical
property may be altered. For example, when electrical energy is applied to the electro-active
material by way of the electrodes, the electro-active material’s index of refraction may be altered,
thereby changing the optical power of the electro-active element.

[043] The clectro-active element may be embedded within or attached to a surface of an
ophthalmic lens to form an electro-active lens. Alternatively, the electro-active element may be
embedded within or attached to a surface of an optic which provides substantially no optical power
to form an electro-active optic. In such a case, the electro-active element may be in optical
communication with an ophthalmic lens, but separated or spaced apart from or not integral with the
ophthalmic lens. The ophthalmic lens may be an optical substrae or a lens. A “lens” is any device
or portion of a device that causes light to converge or diverge (i.e., a lens is capable of focusing
light). A lens may be refractive or diffractive, or a combination thereof. A lens may be concave,

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



[39] Figure 19 shows that at night, or in darkness, when a user's pupil is
dil ated, a sensor senses darkness and a controller may cause a dynam c
aperture in an electro-active elenent to dilate or remain dilated in
accordance WaHosni®abodi nent of the present invention;PCRH2008/054721

2008/ 103906PCT/ US2008/ 054721 [40] Figure 20 shows the normal operation of
a sensor and controller that have been overridden in which a dynamc
aperture in an electro-active elenment is constricted for near distance

t asks i n cdabkatidnghdréafig Adensdidyi tensade wé npiichiogigsh, rdestic drengoiaspe kesing, thiirkatebd i n
accordance.w th an .embodi ment of the present.dnventdon: .and. [41] .Figure 21
Shows o ORISR AT L OBRrETof 1 RPN T AERET P M Eing o s |
el enent s sh@ddbdpdiged @it &t eibo cherptidal oiludte devies emtbeirefoenit tb ana IBESEREHTI ON

OF THE PREFERRED, ODI VENT [42] An el ectro-actiye elenment is evi.ce
W th an GFt FEAPTSRLFERT JORRES PROPT B ABIE TR (NS SBpM B Cercs i
el ectri cakuBNeEdYed R aplkes RR"E O RhE 8R) bPEBRE EénerTRYalle nofi-osnventingll e
optical power, focal length, diffracti onﬁgfi ci gn&& deEtg % fiel dé "
transmi t Cameationg] lps cogectoigneqnygriiopt! eoE ghBie 74t PoH IoMGE T APETAURRS SuC
el ectro-ag Eﬂ;%ﬁia,%/?%ﬁ&, PTBYy 8, GRNRLHHCABSmATRIM A \Won-86H98itioailgens obftects for
el ectro-acti've materi al may be di sposed between the two substrg{t&s. The

subst r at @snwenyennarassdf fiveye inchgingdighss order abpERtiophBatera OF FYeLRY rular

mat erial ' hdhaRidsh i MAQbr 4 Bk fRMbens GNA 28T
nore el eé%yr%%%ggﬂ%égggrea%% spéé%’d?%ilg@%}aieﬁﬁgg%goﬁﬁ the substrates that is
i n cont a@tPregressive Rddigpebens one bifycal pretrifacpldens. Tlontrastinghy. 2p - ‘aritc A8 UEIdANEHY nay
i ncl ude |y r : nt,r E£Qn:; | er
may be- onZy Aru SR ReerRt pBRey aRCRORE baLk Y ocRRk 1kt e WohaRoh O
connect i diffattona gk erofefecivevre” nslyrefges clieer eenyhntivhalion sorefayerionR sromhen
el ectrical.,energy is lied.t he..el r.O-= LV I t he
el ect rodé)g :Eheteﬁ'% él Sﬁei%lf‘(?gggcc’:tﬁjt\%torﬁ% eecPlll%Féhs lso%({%i%%:ﬂé?ﬂ%%%a% y erré%ér é@ﬁgl %red.
For exanqihencford) eadietihnt ighcad adratgypdrsonaphihe eetinapftr eaaraplecis it aetrdcting 2

mat eri al %}/ wa ofﬁtpe el ectrodes, the electro-active material's index of
refracti & %‘?’é\’)‘yaﬁrgr i$%¢%8d, thereby changing the optical power of the

el ect r o- qe44i} vehebled®dctive {1dddnt The tellemitadan detdnie Wéving ata whthebéeceobedded
within or attached to a surf aﬁ_\% 0{7 %{1 fi(ight halrriﬁ: | ens tg L}ortn% an

el ect r o- A¥F iy 8PHCH4 JUA] # BYTHAR fgiePy, The doolp et Eslonert Y8y 8F WivaRt "HEFepe
enbedded pid1BbiboRbmPolids BeMe les & Pt Regou bealdtea@ial GieoRtEMadiivOVLsas may
substantially no optical power to forman el ectro-active, OEFL‘:'_JRC" ﬂlsg\}? such a

.cal pow
case, th&e&mabledlogaiinaichepriibatm mgdasenetnoghipive SpmbiBrith eher o sWrACan
opht hal myghens, but separated or spaced apart fromor not integral wth
the ophthalmc lens. The ophthalmc |lens may be an optical substrate or a
| ens. A 'T045hsFigues lghgwele viosseeiongbp hpahy srman qyedPe e Theduteerivaof fheght ist o

conver ge 9f,, dLV@E gclg?r% 116 - ThAIEDNS doSerbPPAR €1 mEAGUS Bl ANk confinkiB@s May

be refractive or ractive, or a conbination thereof A lens may be
concave, 13&nViexenionl, tphsment ptiony tor ey diah povidesawess of the Pxaisoniiagl pewer is the

spheri Calcbmge}/ ifv{)n dIFflie(fng‘sl I40P\Qﬂj§lq%ttﬁ§pig&5nt9d portion of the eye and forms the pupil 150. The

sphincter muscles constrict the pupil and the dilator muscles dilate the pupil. The pupil is the

natural aperture of the eye. The anterior chamber 16 is the fluid-filled space between the iris and
the innermost surface of the cornea. The crystalline lens 170 is held in the lens capsule 175 and
provides the remainder of the eye’s optical power. A healthy lens is capable of changing its optical
power such that the eye is capable of focusing at far, intermediate, and near distances, a process

known as accommodation. The posterior chamber 180 is the space between the back surface of the



WO 2008/ 103906PCT/ US2008/ 054721 conbi nation thereof A lens may be nade of
optical glass, plastic, thernoplastic resins, thernopset resins, a conposite
of glass and resin, or a conposite of different optical grade resins or

pl astics. | woshoulghobe poi nted out that within the optiREVUSHBOSIRY a
device can be referred to as a lens even if it has zero optical power
(known as piano or no optical power). However, in this case, the lens is
usually referred to as a "piano lens". A lens may be either conventional or
non- convent ianad f;o,ﬁ Rt the Raiha [18Ms The reime tis the Gimagerplewt iod tiel eyerapdis of

the eye includin ower order aberratians ch as op i.a, hyperopia,
presbyopF%Emﬁfé?ﬁth%%?g?RP%l?er‘éFs]t% °§?h’ey§3\“ﬁ541mg°&?§’7teoﬁ %na M ens corrects for
non- conv g} Oﬁ%{au@&{oﬁfd%ae{m)tsheu gy@ididyudiaGe berghest admgedepamfrﬁemmaiso t hat
can be caused by ocular layer irregulariti es%ggj;thg nor rrallt .The %‘%ps may

be a si n§pethp 6@%91311@@@@?35%{1 Fenspiseige of ligh faro g ?ﬂuﬁg eva]%eea tion
Lens or %ﬁgé i %g&k nf) h&fe' o6k &ﬂﬁcrea%r&@wsgiagd)MghaﬂnmugptheQens oasptissmt

her ei n, dlibst an no opti cal aﬁ%omer and i s not capabl e of focusi ng
l'i ght (elalShéastbwdaﬁemmﬁa@ﬁTe@edéwﬂf@ ld on). The term"refractive error’
may refer 01y §fth-20R de ks @hat o b&la@enewe It
shoul d beolbgt {(.intop(ﬁ&?& }gtgélﬁﬁim noﬁ%}dsa not%%:orrectel ng@yi (% e error
of t the eye.opild)endidirgegn queimtt)faef@tm qigrthnit baing @d@aﬁ?aﬁneﬁyf%erdt li;?%:‘a; o
retina, for.exa ec ABYEH!

The el ectP§Tatt gwgrfuéfﬁé?ﬁg e l%lﬁ)e IAOQ%I dpr elg\éﬁta??e&%nhewmng area of the

e

el ect r o- @¢dniewe. TeNenire datkier mﬁthe almamstapa'ﬁp@mw brcapihde elgtvitpipg between two

el ectro-acti ve el emen cat e e ! r tgj%i
portion &F M¥edirmAErs, r(%%?‘? ble egﬁ(%ufrgdg e&l%teae%%p%%dtm%%eﬁe eclll?l?o active

el re;bment drapmi&emh @Wi@heet?arfaenfdwmb ¢rmg)dtmxgimsly(xre iint ssnovuth anditicnes disemtineasyt o be
conmbined with an optica strate or 51. Figu Q{m@ S
section &fe #H@&‘Pﬁeﬁﬁ?pﬁu&ﬁgmﬁ%m?ﬂeay\%ﬁm aeln 61%1 (%%0 aﬁe eycelgtf]%érﬁom

as the sgh8MR cdokble of%;ﬁ&&l?&l@smgs&ﬁﬁﬁfﬁéamﬁ m@wzemmammmwas t he
conjunctiva 12 The central transgar e@l %grtl on_ of he eye that provides
most of tRRY CESRiS aperBistsiREpe e shapt. R eUBliGabshaRs B APy i s 140, which i s

the pi gﬂgm deﬁf%&h{eﬁ&s Qf tﬁe}”‘ﬁre%ﬁ?uﬁ’@ﬂmﬁ%i\jﬁhdvb& pupinle 4BAurcThe is phpahictdr

muscl es constrict the pupi|l and the dil ator The
pupi | i s aitreativatheiveden aplspreesed s femigereaped depfip© éﬁ?lgf(’f“% Ae&ﬁ‘?ﬁﬁ‘fggﬁﬂ“%gﬂqz}sﬁt he
fluid-fil Haﬁ@%fﬁftg LyBe0 W& rdbdaSafstsddioriin 5 tiecRdbddaRpthal itk In

cor nea. e’'Ccry ns 170 is held in the | ens c suI ed|175 and

provi des dnhembedigicnid €re Bfe @m@eevem@coaa@meempjdm#“mﬂ@eﬁ e pd/or
capabl e qf %‘e%&% Darlck %15%9%11%@'& gé’\@e{ ﬂ?&q{ﬁiélgﬁosﬁ%ﬁeﬁﬁ td §u§e§p@ﬁﬁ &n@rhic

f ocusi ng 2\ nt ef me di stances, a process known as
acconmod aapemne mihke postsed irosizechamthe rdlam@@}r ﬁEJIQHi@te§9%\E¥@P% atapdBRIENESIHRCKR
surface t he WD 2008/.103906 l&ggg 5 ol anghet hgiafilio r@*él’gf ace
of the r g?rig?fagiﬁﬁter *?*?Pé"%?. %’5 I’l’rgf ﬁng%eép%ﬂt WS@ the g@e and
connect edlidnetdreyaptiinthen Efcmesem%smmroc pxoperfmegzemﬁ sruwln 9 progidaden B@anI‘??Sftdhe

brain. [46 Ast dyn erqt ot he benefit of
a large d&p %‘PI‘S%‘P“‘? ‘eﬁtd‘grﬁ If’éél %n‘}ﬁ‘ﬁﬁ%ﬁz r%?e%rl F‘rle#ﬁl{ﬁro ecgr@\eég)sed transm ssion
gf i gﬂt bJFU]O;z%husE?@leﬂeﬁjn%n Qﬁtéd@pﬁlhlcopticl (k@®) seqn aptszt émamg Isabsgmdbem aptEeimy
ave the benefit qof increase sm s
opti ¢ butPodiesdhahisdnserie! Yapplane Ttn g g@é&?& g@ %‘r& gﬁmlpﬁg%iﬂ{
Enbodi ments . Qkrids RarRbed 98 Pbsidridy @RdnhRA of ME leyielenta mhd)mmfaadfrﬂm:ccdmm (elenlet ot may
be a lens or an optic) including an el ectro-actjve el ement a) Pl %{ am c
"o op I'C

aper t ur e el inay): preinfoche priteliny ey odilhe coea SIpHRdn e cact @

dynani ¢ aa?%’ I'nhl:ra? 1R oPRET I €A NaHDAIARMbpaAL hed abkenthian@iespticdihgvapend ur e
di aneter o nam c aperture nmay be capable of sw tching between.two or
more di artbtrefos, st fesuatigite Rafet, w8 erragclaropiic gy epRodEReni Y e EEghgvention
dl arreter , dmm{a@wd néfifrtdousl! y
B A A A S T B ey
steps) The dynam c aperture may have a m ni num non- zero aperture di anet er
or may be capable of conpletely closing such that the aperture dianmeter is
zero. The dynam c aperture may create apertures having a circul ar shape, an
elliptical shape, or any shape. -9~




[ 48] Enmbodi nents of the present invention may have a dynami c aperture that
is capable of alternating between a decreased size for increased depth of
field (and decreased transm ssion of light) and an i ncreased size for

i ncreased tnanwpi/wsicon of |ight (and a decreased depth RET/E2808¢54721 n one
enbodi nent, the size of the dynam c aperture nay be decreased for near

di stance and/or internedi ate di stance vision when a |arge depth of field is
nost beneficial to a user. The dynami c aperture nmay be increased in size

from t he[@oRNBE Rfed BRI ORIThiadoCuliAEnsIWPES a Reahadhs bistivalepowiesition istioseed @r ger

di anet er approprlatefor proper internedi ate dist.anc S Thed namc
aper t ur e aplatesiR thsreypragn ngapgfa(r Hee ey g ¥ ﬁm%lf’g{%‘fpotb fﬂ?%t% hafmbe

di st ancep¥sioPhah@eliradd &6, horth@ ronCraias@ehel (@AFANS 8icomeafinlhy)ghtintsitiece a

| ar ge depth of field is not critical for far d| st.ance VISI%?%{:H]P‘[‘_‘H% As used

herein, &pithelim lgerof He corpea EnRD)2 GognealPuisgh PE VIR PRGOS o
opt i cal wen), 1Btpé%%tﬂ%t51eh§“ﬁa%r5rl%dor%0& L@ peferk Bind e eAYEdiméits of tiieagedshiar
e

optic may be I nser or irnmplanted in"the anterior chanber or posterior

charmber iventios mey er manne alsediass dAmagic weBwe.oMhen thed Dfileg A i BRSFHEA

i nlay), e cornea (simlar to a corneal

onl ay), glraybQ%aﬁaﬁlngﬁwi&%e%fnﬁﬂ%#éyggpﬁﬁfﬁlg of the eé An intraocul ar optic
has subsfasi} i A$ bsed hsﬁm, optricehiniaydwer Omnd}mbn@ﬁéﬁéméﬂ orevbicd Fevie) P ayses

Rat her, an_intraocul ar .0 | i y
nave. o o R er BRI B o B D e
dept h of sfecifialy to H\&ﬂ%ﬂﬂa&@@ﬁﬂﬁiﬁﬁﬁn&ﬂ%ﬁﬁ&& ﬁMT@ﬁC” qr5pngrepmeskiglapamay by an

i ntraocul ar hawv.i R + ed or
i mpl ant el®® |n'“§ﬁ%re&f§}5ngs,&ﬁmﬁ?ﬂlyg iﬂ%érahf‘féglen em Be i %ﬁ%ﬂﬁgérnsl& a?tt&ééd in

t he ant ecérdgal anaimesy tﬁrus@psAemedmeﬁahamemesmfontam aay@tm(hﬁvmgt srmbst:sttlaltmm of
the cornea, (simlar to Corneal ay), . or._int theelth |

the cor nBRLIELRIHEPAF atleps %’W&Fdé’m”ﬁ‘ﬁhm’érms\ﬁtetdﬁ?rﬁmglrw ana 1t%¥lﬁ1m ucture
of the ey§er fMihd dMdeAOWHeA efbERS shtaFicdlieo @rcomm&nnpbp@calthepamr“soram omlaly
enbodi nents_of the present jnvention a@o havealgrg%,ri

aper t ur e PR &R “Rlpne qoreal iRy MY RE L ‘M%?“trﬁﬁe’é'mgtsl’ it oS,

provi di Ngnealls PesRAPGHaydBRE iy %cﬁsh@'c@meal[oﬁﬂl}” Ay bs@dd hak ekdﬂ heRinG @ toredat

inlay is an optic (having substantially no opti cal I{Eower or a Ignigzﬁ( havi ng

optical Pawéyan emisthpdng Ribeiptisly ap 9p Qﬁ‘t"‘é&l Ol (4418 RHCHREVG
cornea. YheR e %fa%éd 1o REGHd béridal Ywhih &féﬁ‘ﬁ{gnfp@&tﬁédﬂg%( acu@hta@t leiisgptit hes
"corneal 1nlay pl ano cor neal e used. Wen referring
speci f i ctny “Ctomaat l@l@rcm@al of ‘tnlaeay cpatpg lenshaay é@ priedy c%httxeréferrmﬂ ety fo fr
"focusi ng, GOF NGAk. 'g%lb‘?ocﬁ coné%tl%egiayﬁéﬁée@ a corneal onlay is an
opti c (having substan y no optical power) or a lens (having optical
power) t fER] i & emls:énn@@ oﬁf ﬂ]empesam agention.him eletfeo-aspive letemieninpavinger dawantlﬁe
cor nea. Wen referring s cf|c t ,
"cor neal a%eﬁﬁure % ebt 1@@5%1 ‘Bﬁq 4no c8ér(erctlevf'ﬁ{F&oﬁ1 hg&%@& toggk&}{aﬁ:g% égco}tgg%gtlg erring
specifi Cadrhg{al balag aﬁd@@eaﬂ aromayr}teetw ot HE. ey b&mswﬂmeailpleu’whyl theargeriopr
"focusin rneal on used ereln e S an
opt1 o (MEIG Sbeeam e ohae e A eaEE ot BF bRl R e R
power]z t hlialtemzﬁelmngy@btth@ b@ﬁ&d(a@r& tmatﬁtmtme Terdoeral anccrrmfabonlay)gmd
speci ically to a cont ens op the ter ens optic"
'pi ano CBW%?é{en? AR be ﬁg’fﬂ' ) n.agaé)a Blr‘fusr”égflgf @6 t}?bcg ?‘?‘35% R 18316? OB tact
| ﬁgsdt habrt b® a?ué @R8pableNer fRfidMg g8 USAd theR@ié Agting eitstanti@ly meopusaatipowe{rﬁﬂ I'n
enbodi nents o

present invention, an electro-active el e g_fehj;a\lé E’%
dynani c &E’@?@IW@S rﬁyﬁh%é’lqﬁl?ﬁtéﬁ?’%mwnﬁ% povige Toro b defarsacdaienth t t3CHed
to) a Co%ﬁ&flm&ﬁ{'& th@px@%ﬂﬁ%ﬂttbﬁ ’pt@ﬂcfé%ﬂ%ﬂ{ arPRbdYsed apt B0F:1@indanay 42L .
The TOO or may be inserted or | anted in the anterior chanber or
posteri otea%tham)@h' efrrachdoreyse, COlil‘ﬁfi@OT{;Eém@f?fr arErcovertdal sPAkb 21 (ASSE T heal
i nlay), 9[1 bt)é]}lgntg B?th@ﬁ% L&shebd b ﬂ)nlrgéﬁt( REd HNBHCRLABRLLIRSIA VARl deat merl dY) -
The cornea Y, onl ay, (? contact lens may be either a | ens
capabl e of focu5| ng Ilght (and therefore having an optical power) O an
optic incapable of focusing light (and therefore having substantially no
optical power). Enbodi nents of the present invention may provide for an
i ncreased depth of field. Some enbodi mefits of the present invention may
provide for both an increased 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 may be used in optical comunication
with one or nore of WD 2008/ 103906PCT/ US2008/ 054721




the foll ow ng devices which are capable of focusing |ight and may at | east
partially correct for a conventional and/or non-conventional error of a
user's eye: a spectacle lens, a contact |lens, a corneal inlay, a corneal

onl ay, or awdnwyasoal ar | ens. Enbodi ments of the presepdT/iiswemti’on may

al so provide for an inventive system which has a dynam c aperture which
provides for an increased depth of field and is in optical conmunication
and/or integral with an ophthalmc |lens (which nay be a single vision or

mul tifocae fhRREhe WRICH WBRA aRCEPaHIObT Mobiir@light frlBay SUedt pmtigiyesbyofira) . The
i nventive sys;en1ng% allow for g nostly continuous rang of gerce%%ed focus
f r om neaforyPEions cadiop neRrPoryPtORHEIOF iof @, user , 8Ye ¢ iR %E@?’t"’u WS 9P des

i ncr easedodeptdyof chihall dnhi 6 in $RF¥8%ar 1éhs P ERWoEiteRts 0O tHelpRdtOU SnveARBEM O

focus between the fixed or 'static corrective powers of the ophthal mc

| ens) . THiso pide {or e HivPrilYs Sxsiomatbieh bts ofdyBURIC AR BHIPTAWASS B BUBAE Y 0
far di st ange e £diPMaas REHicdcShANEE ol aflord itSEIRR 21 SrbhBiianae wifigamman

internmedi ate distance to a far distance, or between any range of distances.
[53] Fi gbe e shaleshowsoranulfostldensy which serestschor sisian egpradsugh ey pissbyeniab nbbdi ment
of an el Lye ﬂgp% We ' r | QMR B hows
a coIIapggg&g?g%%¥%%%%gbna r%?%gﬂé¥g@£€?5@%%ﬂgkggﬁggggg%?vgﬁgleéenp éf

Fi gure 2far dBmaceo(. e.nthe dyeinéc bresumairowdes dicesasadtdepth 06 fipid ywHich sgiabioerrpidesa
contact |lens, a corneal inla I n| . , : mor e
Chan- one BBk sfe o oot Petin B SRR SR MsenERo R Hor e Al 10, 0T P,
st acked ahe mopbncariniduerangt of fieue nag famoperar digalcatie erfabdistasenfrohe: near

elenents.., [54] An el ectro-active el enent ..20Q. conpr. se t i
Suberr ar diebgb ot el BBt Hom En TSR RE s B S IR Lishfied, WPpARleh 6R)
subst r at egmepefdidmcguUbst antially flat and parallel, curved and parallel, or

one substrate may have a surface relief diffractive pattern and the_ other
subst r at €0%hyFEEe 2AEOHR AP PG S HectiTrrd SISE BT %‘fﬂé‘sefﬁ’#’e@%@ﬂgsg%g%ﬁ o

optical paWelleflent 100 @@Qghr@ﬁ@ﬁc AP RAVE iR 2BRhbwak cpRpEM. crdsacdutionsbsite at e
may have a thickness of 200 ?m or less. In gener

f ) I thinnFr suggﬁrat S
al | ows f Sieweplfiegtrsirongigestomsnt 9fi g edi Ope pomorafiecapaeite slegert ¢B) By Rent
whi ch may g jh TRRELANE B 6264 2By, SNRARLINGIM,S a0 TodNe R REENI rhddy @Rhicas t hat
are inserted or inplanted into the eye. A continuous optically trgg par ent
el ect r odelegimpactivmelemens i uged teglectipragiva slepierta may e biadkedaye wen ahdp3 débF®n one
of the st thﬁ i ndi vidual |y addressabl e optically
transpargﬂ?&% ect?@@ggggggﬂﬁggglgadisposed on the second substrate.
El ect r odéd54p 250 plegtradetivg element 20empy eqvanist b aptical pebsagierdil T BB Pe brvad 8Yich as
t he size roe lynanl. ¢ e d Redesd 220
and 225 ﬁ%@?%@%?§§%%@%re?h%g§%§?§38%%§Q§€Qﬁ%@ﬁﬁﬁg%ﬁﬁéi%ﬁ%%%%%ﬁt coﬁgﬁctive
oxi des ( paraltelas ohd@pstoke raayclomela swfavercbefyhiediveptitam aid theetbir sastPEDEY PSS or

car bon nano:-tubes). 2008/ 103906PCT./, US2 /{0 i t he
oot oni | SUBTHES Shrnp Og ST aR R TS T o CaUmer & P Sk g R Oho | O
i's prefepprd bowde ERESubdan Mail had a Ticknedsedft 200dB8 @2A6ssanth GAErahalyindpe
coated with an alignment |ayer 230._ Alter at'vegﬁﬂ)onlgpone of. .t.he

el ect r od8dstaesciord doind Dighetheegse; of firsibility M7 dpe clgifostolies PERER VSRS PP al

240 is diFRpeRdnRetneenbidifed) bOMIBR el 3% hTon thiGud hisgleaas smpbnttdtro the
el ectro-active material may be between 1 ?m an ?m but is preferably

d 10
| ess t hafiy® Apmntimpes eplacelly Bampre sleptndeRPhhanRigviges far an @éf’&malcﬁ? : éi‘?alyi%ﬁe
material g Ihe bi ‘JH‘% de &E%ﬁﬂs@aﬂeé g@ Eﬁ%t &'habk nﬁ@)ﬁa&ﬁé ERELS GFtiﬁdagjdtrleﬁérMﬁt al ,

atwste ematic liquid cryst super-tw sted nematic quid crystal, a
chol est eeleerddes; @25 mew yhst dibposal emles paconst subptest- e Blacgoded 2Hymearcterginea g

ot her ty 1 iUl ; i 0 i : IS, Redld N

i PRt gy S bl A8, (b LS nond ! QR oY e BobR T o
and consfieattdes 220 and 42Halay) firceample eedngirise Tine of HienksfoiMnntranspazgpp prsctvs t he
surface of..substrat. that cones into diregt .co - W4 Laui y
crystalIFﬁgﬁﬂﬁC%FFgﬁi(EFFSW?LgﬁﬁgggﬁﬁT@e%g&?ﬁéggféc!¥g$%§%%@%mg?gﬁgﬁ?} t he
thin filmis buffed in one direction (the alignment direction) with a cloth
such as velvet. Wen the liquid crystal nolecules cone in contact with the
buffed polyimde layer, the liquid crystal nolecules preferentially lie in
the plane of the substrate and are ali-gned in the direction in which the
pol yi m de | ayer was rubbed (i.e., parallel to the surface of the
substrate). Alternatively, the alignnent |ayer nmay be constructed of a

phot osensitive material, which when exposed to linearly polarized UV |ight,
yiel ds the sanme result as when a buffed alignnent |ayer is used. [055] A
controller 250 connects to the el ectrodes 220 and 225 by el ectri cal
connections 255 and is capable of generating an electric field between the




that the substrates may be as wide as or wi der than the el ectrodes,
alignnent |ayers, and electroactive material. [56] The el ectro-active
el enent may have an aperture 260 through which |ight passes and an annul us
270 i n whi cWwdaoghinsde absor bed and/ or scattered. A chanjf@/¥5204884781 ze of
the dynamic aperture is typically inversely proportional to a change in the
depth of field of the electro-active elenent and is directly proportional
to a change in the transm ssion of light through the el ectroactive el enent,
as i s knawo HidkntH Qs afetoptiddne bkl @corBNesheaychen Aoviegaraniel lemayhdnel tapablie of
swi tching between one or nore dianeters. The annulus ma %eugosi.ioned at
eﬁ:aée i

the peri prefrmil tebgisothan Ad %ap.edhe elogrodes 20aind fé 130 BAEETFom t he
peri pher gl . egge t@ﬁv??,W&e@%e%ﬁMs tOeokil® vﬁtﬁﬁi@%ﬁiéﬁﬁ‘éﬁ ct0fad d&tro-
S AR at

el ectro- e aperture may be positione t he geonetric
cent er ohcttvhenadrieb2400is disposed besivernethe abigranenblyase Thepthiskeesoel B CEHE-#Y VAl |

the way to the peripheral. edge the el ect ' I 2 dibxed
o st ance "G TROCH BT ek 25 g e AR PT U B The clfrach
geomet i enseeit hy 8¢ atiR@idelrpedlie-Batiae Tat dinedtorystatine tumeeriab msp d merersiic t he

aperture may be capaple of being rel ocated su t hat the, cent.e
aperturehﬁ@gﬁﬁﬁw¥ﬁéw§§a§a§§mtH@ BB e BRG BT T%gg%?%gg
el ement . jifhg cBRAL L YSeditmi-cablk Yqfia aasl, by aper type of lapill deddlresndiéral. ot er
limts and the size of the aperture. As is des rlbeq?ln further detail
herein, whgmsptleyanea ey fise whighe bg dvay O SEARL, 8 l%APAY0Re 155 Bt | 1HUBHL O

di scret etﬂiiﬁpgﬁd QfnsHhAIEESL SbdPmhide kRHaTheheiBC il -iaabplice toathe sirdce MAY
include a layer of liquid crystal Q%Eed with a dye terjal suc as'@g
rial,

di chr oi ¢ selyseateBpatchopiennta feect pajitact Witk yigeid crvagilise glatssialy T §9,28S AR

the dye TRLECHLES ofinbdMnl YB3 th3nd Biechdfiichiigiat ahoamohequl Rdon The

dye nol ecules are polar and rotate to align w an_agglied el ectrical
field Thehoptvelvetl Vélissdrejiduisierytal mistecdgecomstie pomdact wisdh s butledpalyjgide layer,
orientation.of,1he indiyi g¥@] | deihe ESREE add0:@Rlidrag hdept
opti cal %5@%?m1éwﬁmd%§%1%%§?%%'s é?ggﬁfgﬁqﬂ%%ggg%eous (horizon%%f

al i gnmentdiredtioh he whicyuhe papiysdealayaroiacubled (. svisreliehe the setace ef fhieelupptBiEl ween

the el ectrodes is not.stro enough, t he e S ' i t

Al gnment PEFErS AR st BT it P SR E Rl SRR, |
maxi m zedxpdsed anind&ty pridrized FWalight, widds thosmgesatius whbon bt dignmeltilgyemsnt  of
the liquid crystal nolecules, when the electric field between the

el ect r od&&ed s strong enough, the dye nolecules rotate and align with the

orientat i[@:rsﬁ ofs doR€olRk 251 dohectsitelid cldorsdeenli 2101225 by dedifie] adnngtivadSS and is
direction. [n this orientation,, the absorptio f light though th j qui d
cryst al icépatlﬂerﬂfrﬁlieéﬁl.ng?ﬂQIGB%B%@WIQ?W(F&? %tk?éj?etcﬁ%&é §§ 8%)%8% o%F roIgT%rgtnga %éct%
(verti calgh1adidcapienh she biBodih6Hit, theCdoMSdIRt isipsrt us8d ckuehadihatlembstolipsthan i s
mnimzed in a W 2008/ 103906PCT/ US2008/ 054721 deact i vat ed state gn%l

maxi mi zedmbadigniac e vareles i icsaied oniside JaY SleFFT-EUYE GIFMERE A PYFTRHE 1he
material Jfmy, gk %F’ing%le'dﬁacg- confzeOhoifts IR deHBAGvAIBhEH: Al THeYcorolRk @efyriede

ri ngs 300 operable”for creating a dynam c aperture. The eleé%rgde ruﬂgé may
be usef ulcomscioptit eaiogr $quEss FFAREHIOT SNk Gtheh BRESSEY IGcHOMe B BE APERHCt]

el enent ol erhad: ! - AELHAGHPREARE HmPARCERshe a
liquid c%%% gﬁﬁgﬁﬁﬁ%éﬁﬁ%ﬁgﬁg?%ﬁ®%P@ﬁgsé%ﬁETgbtrodégﬁings 300 ngy bé
conposed atifnsew diratioanhuthaprestrap ot ae Eleatis dd deren tuxipciralry, the Kepid ggystaloy
course, fewer or .nore, el.ectrod - [ : t efd fRHhd Sectric field
individué?ﬁgmgﬁanggé%Fgge %Oﬁﬁﬁgégnggaghgl%1%%?§%g§kriné@’nayfﬁe? ©
concent r iiepdrgdndiciMeotie: Aigpuit ldyar Yhax itthorieerid fied sbeozreoousbt thy eieladimeat | s

pl aced in, or on the eye.. The jnter-elect e _ a Wt 5 ?7m
Fo 10 »misciefly B8 Earire bneSha it dhey aihe e AR RREOYLTR BM° T,
out er di aRekhe@houghetit bOER31 0f te HiyRid dhel outecerlediviinetier dafctoheons e 320

is r3, the outer diameter of elect 30 is r4  t t L ape f
PN T e T R N T

different aperture size. [59] An electrode may be "activated" if a
sufficiently strong electric field is applied between the el ectrode and a
ground el ectrode, if voltage above a threshold is applied to the el ectrode,
or if a condition is satisfied which ptétes an electro-active nmateri al

bet ween the el ectrode and the ground el ectrode in an activated state. An

el ectrode may be "deactivated"” if a sufficiently strong electric field is
not applied between the el ectrode and a ground el ectrode, if voltage bel ow
a threshold is applied to the electrode, or if a condition is satisfied

whi ch places an electro-active material between the el ectrode and the
ground el ectrode in a deactivated state. [60] In an enbodi nent of the




[61] To reduce power consunption, a bi-stable liquid crystalline materi al
may be used. A bistable liquid crystalline material my switch between one
of two stable states with the application of electrical power (wth one

st at e bei ngwanoegisnat ed state and the ot her state bei npcauste@ssivat ed
state). The bi-stable liquid crystalline material remains in the one stable
state until sufficient electrical power is applied to swtch the bi-stable
liquid crystalline material to the other stable state. WO

2008/ 103906 BT 5200 ﬁfa? %é‘z}%%c@ﬁﬁ Sr videP ¢lah €A1 ROV aliBmeHR! 1yefte adededho-
switch fromone state e other and not to remain in a state. The

bi - st abl ectli\{eapmtqdiabrystal line materi aI may swtch to a first state when +5
volts or e I t gﬁ.ﬁlg <30 aid gecond
state V\hé%ﬁSﬂ\}% 1?&5%%0%(: %eésag&l&g%% pli glll et meg%%ttﬁire&qgekl{%gltc?oﬁﬁ% Of course
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acti vat edP fﬁ’ﬁa&}g’ ﬁd?vﬁgse@ﬁﬁom fPaige gr%c}nbet ghn&r e%laﬁ%%égle%@acggeert ure
260 wi || ehnchomaesl dbetiywpaipottivaal de ntckmgofin meraabmslwmd%bg*mrﬂuough the lectro-

el ectrode 310.is deactivated, .the ue annul t ween
the i nnePSHicafiaresh a5rs SPvet Folhs a§28H§n F‘geérhaéf peYn ?ljmr a%gég% {KF Aﬁﬁ@wg
formed between; tdieces 0 @mét diaetet| dat nodks nap te powitionerhe nhapeaplmaé edgsfof

el ectrode 320. If electrodes 310, 3%% F’th Aé at\?\l Ct,!n" lédg%idtghere
will be nep dpaqueivgfirmegsor Iy bargacsp & 962’6’ %el fls or et ween
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e

el ectrod as shown in Figure 3, there are possi 5 ure
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di anet er en approxi mat e nun an apprOX| mately 3.0 nm and
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20 rm VRER T AN T e R T e e S ey Sl Rl R ORI
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edge of the pupi|l (whether fully dilated or constricte there i 2 gap
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each of tdrstris| Beld rbstecen ithry SIepEOdaT 65 Vet BQBSPPHR eyl ey for
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orientation of the electric field, perpendicular to the alignment direction. In this orientation, the
absorption of light though the liquid crystal is minimized. The opposite may be the case when a

homeotropic (vertical) alignment of the liquid crystal is used such that absorption is minimized in a
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and deactivated last and the innernost electrode ring may be activated | ast
and deactivated first. In one enbodi nent, the el ectrodes may be activated
or deactivated in | ess than approximtely 1 second, and nay be preferably
activat ed owodwexcissat ed in | ess than approxi mately 0. 5rsECRN@®5472{ 65] | n
anot her enbodi nent of the present invention, electrodes 225 may be a
plurality of individually addressable el ectrodes arranged in a grid. Each
el ectrode may be referred to a "pixel"” (the electrodes in this case may be
referred tRiased X hhBladmlzed Then Réaled R, DE fatifletiiz eiqei Bhafiie Byaterial
selectively electrically activating or deactivating the pixels the aperture
260 and awpalsesevsrd may be forned. [66] Figure 4A shows an expl oded

Cr 0SS- Se¢hggdNAly3izdfiow Ewupinﬁ& £ARARI B OB0PIpeABlabEGEHAAR G dyNAie kiRt 400

having a dynam'c aperture. ure 4B shows a col | apsed_cross-sectional side
vi ew of {The clbieeseringa mpdyvies veﬂe tOP@ffaﬂFl‘T@EﬁpéfeﬂtA@leoSiOﬁ?SI 8BS pghs glgctro-active

el ectro- %féfn'g{t?(ﬁl e 200 moRiaat ef%?tf& hXiGe ﬁ!aﬁaﬁﬁ@ftﬁ‘}% 1%C4ATR 111§@ stﬁl"%p@cpt i cal
es ca

subst r at Acontinuous optl y transparent electro

provi des withra dichreit elm r Ebeﬁrodg roghd0nmeyy becairpeke csemal@n@ﬂ@‘fsh@mé eLee%%dﬁ at es
and one aldey, I argRt, Lhegkriedes
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di sposed 05@{@Wéﬁewélegmd@ﬁhfbﬁtﬂﬂ%@% dieprier o Letpd RO Ve PRAVE T AP be a
liquid crystk!d08s PRIRA @ @uté}rtﬁsflﬁététﬂf)éle‘éﬁ‘&ieaﬁﬂas RSNt Grnef Biahne®t 6f th or
smectic bi-stable liquid crystalline material. The liquid crystalline

mat eri al clestyodoenaeigpient adiffeieny apirietaize- dye and becone a dichroic |iquid
crystall iy Mahelcbalae iy HRPAERLESY i 2305 GANAIGDR HRdEIE] ?f)l[e@(ﬂ)@ﬁve%?—@eand

225 by el'ectrical connecCtions and 1s capabl ener a |ng an electric

field betelmetmietahé a@f@@ﬂr@dﬁ@l@@de Tlfh@h@%&bt)v%a ﬁmswé lfeﬁ to thaylepede wrif 2
aperture 20 1:1011 galt’igﬁed 1%569% el@ Y ] b%%?ljx HR e%ZlQoderénMe dnlight
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on the i apsfetasthe slmstfoae,@r tffa cbhx&ucsubsettm;%etdeﬁ)lch FachaofledthacipeinaatdrzEyetvarny
haveadlregqcl g1polarlz %@@'P{F?H J& othe dlrector of the liquid
crystal trage aflﬂ e grquad Sleatqdy o g U¥Sces (i.e , parallel to the

al i gnne /m{ogmq r 8Chd /@;ﬁb(ﬁlf'unéxh e;m}lla)ge@htl ahtrgiﬁﬁldﬁﬁlhg ladlitid) crysTddbnqlomhtaxriéi,zée slqm]§i¥e
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' cr ossed Rl Aetve@h She elbfidded Bn@nfi@akt dalfedd stirhes vithgs b"elhef aelt}ﬁeﬂmldmff | el d
bet ween the el ectrodes i s not strong enough,_ the_alignpment |>F/erstg
Z s at

the di r eGPRPxiBRicihE) wpléﬁﬂsoﬁp@}i%ﬁsb%weqna%rdeﬁ%od&ﬁ| e iigeRic Pf&"%d i

t he outer, B%U{Jnﬁfé@sl whiddoddl. Skt Qﬁdum(?édugéﬂ ot G kheCiMcBd RiflertiflCah bE Sy ol @ | zer
(i.e., t that 1s polarized parallel to the polarization direction of

the fi rstexqmlfamilzémﬂt plessot enlear BE, Hoyrieeslesyondve 1G¥glifd crystal and can

NOW pass 0 | t Nhatbril RRY LB QLAY | Z &6

parall el @éoﬁtﬁg};eéup ﬁ%&g%%l1§I{é€tzilﬁotr?g}|81glq?ﬁe&§éaglg% %01 I ari gver) Ther ef or e,

in a deatstabhzatmd cszsiathee tria@na}bsayrsmtp]@bﬁtm?enlqng bt twolstablegkptas athahepplicstian el ve

el ement i imze n t l.ect t ween

t he el ect 68%1 g ersg r lt)hn()&e%% ﬁMg taﬁdacﬁ?‘}a?etd S(’glatcr s hgkb%r‘r:glsggu éugg 4 h&ljcﬁva\%% th

the ori estka).i dhedfi-stabie Iejue:bbmteﬂhﬁa eiad:,naipemammdna‘hﬂ ame ttablie h‘@teailmt@ ﬁn@nltsm

direction, In this .orientatio t..e terln he f t I
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pol arizer) is not rotated and is bl ocked by the second pol arizer (i.e., the
light is polarized orthogonal to the polarization direction of the second
pol arizer). Therefore, in an activated state the absorption of |ight though
the liquid crystal is nmaximzed. [68]-1Fhe el ectrode rings shown in Figure
3 may be useful as optically transparent el ectrodes 225 in the

el ectro-active el enent 400. As above, if electrodes 310, 320, 330, and 340
are activated, opaque annulus 270 will be fornmed between rl and it and
aperture 260 will be formed between the center of the electrodes and H |If
el ectrode 310 is deactivated, the opaque annulus will now be formed between
the inner dianeter of electrode 320 and r5 and aperture 260 will now be



WO 2008/ 103906PCT/ U52008/ 054721 Additionally, the transm ssion contrast
ratio (the ratio between light transmtted through the aperture and |ight
transmtted through the annul us) between the aperture and the annulus is

i ncreased therseyomeki ng the dynam c aperture nore effisird2008054e0Vi di ng
depth of field. In another enbodi ment, instead of renoving the region, the
regi on may instead be conposed of a thinner or less efficient polarizing
fihn used to increase transm ssion, thereby favoring performance in the

transm t trh 001881888 pAV&'is bHF neRBAKS SR ESm chbeRe 1BIROshdRAd fotithemedsi 4 he
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ring el eqtd-Qe@se alokehued16,Qhdneclrbdcd 320! Get BectioldgB30, and Oxdly ciomlodeed40W The

respectively, wth the geonetric center of the cleet rgégs[cnti ve el eﬁegio' S
subst r at eeerfumTpaRFedraisessd Ry fipst aqtivatime efgsiode 3y heELE e i 1P ElEPee 320:

separ at e .61 alifO0s18GHiY 316! SMREL as HodMr 8 BrSBBIGhde kA koBiiblE iap@ture stops.
el eetro-active“elenments that nmay each be used for the different

ar r angenélowsvesf femiengr alowc tetie Sph GTNPIsHbIE gt B & CperaCcReh RHEE IR F4dn
embodi meqf,. of LA 4 { QMo drPGdl ShARLTReAGE L8 RIBIE Words Sthere
proper | ygfoﬁ’giﬁla%?g%&?ere%m t"htlg{%?%ed(r&gffect ro-acti _veageél enents. The djif st arfce

bet ween g bge sty joot aféwb eslatiofshihestwgen dhedhess diapwtess o serhtaistredso Rfcpies:
center of .the substr S b i et P RANL betw

appr oxi r’rﬁ’fhgf %Pe%“%ﬁmeg% pr?og%e'p?/e@gr a I{/bn%g?t\%\(g)eﬂrll S%P%x(?nattel yﬁo. 0 _emﬁegnd
appr oxi mapebyimately Infmnnl tndsdpprokthady Aotnad, ankanayqiréferablslbe datveen sppsaximgigtyangl e

bet ween e two.centers are_possible. Thi i I :

bty 00 e SRR RLE s BRR g s, e R B TRAY Bt A Bl L6 o

adj ust nenid afgr@imbtle 2.0ment When fullpldiiatd, Hasafeeer damayiraadyl be dpppkiarstasd7.00ne
or nore of the arrangenents of ri el ectrodes nay. be acti t 0.t

ol o) OBt e e i P B R Ry <o SnfCh Y A iR
2008/ 1039Q6RET bR SR8ENEdA2M,: ina Bpstued) &1 datlt & ditleatitonmetta the |ine of sight
of the user. This is i

s inportant in cases where Ehe i nventjve i tIa S
sur gi cal [963) i GRIEHRaHR Of e BPFBIAT WP AR S99 o oui ey Shepth e,
Certain pehimnaludic88ase8e Ripil (WEMIR SRS or st PTIf BXRNPA gaptiatween BRCU| ar

degeneration, retinal tearS, or retinal detachnents %y damage a [e ion of
t Fch e

the reti mater e of Srisouilvietd treyitcaledis Baha R dRlerREPUs BEFT HI% AEHE e of
sight of .t Br o 1ead£ﬁ},¥h!i1§§{@ﬁﬁ&§gn§%§&d&%c%h Rlcofther £Rtdvg to a heal thy

regi on of e retina. inments of the present invention in

whi ch el 64§ ottesnezathodiment egshof Bleicteptreste ringslisvichpind aprauidatds 3 ihes2Br 4o odes
arranged i e 06 ¥ Pi T BEnR6] &5 LI NEhY a6l bialiee O
deacti vatf%%n?ﬂe)sgirng 8%%{%&{3%%{ glggfgr%#ﬁpcm%éﬁ?er 0 the’apertur%mZGO and

annul us 2chresddatlivedices aldenhaonte dirmniemntegnreofach hiths elptodatiess apractiviiedey e’ s

pupi 1. and/or deactivated sequentially. For example, the outermost electrode ring may be activated first
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[ 73] An el ectro-active el enent may be capable of switching between a first
optical power and a second optical power. The electro-active el enent may
have the first optical power in a deactivated state and may have the second
opti cal powso loms/mBeoacti vated state. The el ectro-acti vepeiresmustossmay be in a
deactivated state when one or nore voltages applied to the el ectrodes of
the electro-active elenent are below a first predeterm ned threshold. The
el ectro-active element nay be in an activated state when one or nore

vol t ages a3pRtdc@ehiddQast B 8 BAlhRMRERIdetRe nflyeRs hEtnag ldsvadakairid ke labove
a second predeterm ned threshold. Alternatively, the 6|e§@£0 act.i ve, e| enent

may be capaBTROGMmEnt Hi #eptrodes smapbs agivaishioe rde%(uéfﬁec{ Halesy han epeipgiect i ve
el ement iss.cnanadhy 8f pi %efepa‘slqu\gﬁe@ of QLEINA WS lesQhanSpRSkidAtelya). 4 Yc&@BL | nUOUS,

opti cal power change t ween first optical power and the second optlcal
power. [l&6f] Bt émth%‘ eboflimeny efhihe et lb%enu%cpktcwéﬁér%lééwf o 2 JhEUER©f onal

or non- C%ﬁfﬂﬁﬁaﬂi@@&res@éﬂi@%&h@& stat}ﬁn%‘%){%r %&E ERhREHR éart%t“ﬁslelby the
el ectro-active el enen e optica strate or t almc lens, or

by a comifitnalertoriepin ttulaeasta\my be pefgTed|tn anfpixlaed g rﬁmpmelfmm@ q@tvé@ént shape.
inventio ched
to or entiadBg i HRARaR! sl Tt B e BN L G BRAh U By 8 BP0,
refract amnaydefférradt Ilght for the purposes of correcting vision errors of

t he eye thus d not provi.de focusin wer n cest i.aents of
the | ettt el B ShfPorieplue apSeiienf RN L of SRRy STRP iR
att ached at:@vecrﬂermibeﬂmleeﬁhngi d dynBmiRmpornine. haigmemB £108/s tahanap@mﬂr eressissctiboal sidhe

user's refra error used nat nat C ndltlon nd/.or
caused by"et"‘h%ft tb%ﬁwfgraca‘fe ef%e&f%ffé S %E%”EFR/& &?%f e e 00 ?ﬁ%ﬁo"
opht hal mggtiJeeslememR 08| ®opEiss 186to fpﬁ&}l Dbstialek 200. tﬂﬂ&ohlﬁﬁbussolﬁmﬁl}{ﬁﬂaﬂspﬁait
and/ or non-conventional errors o

the eye. Thus d naq% Igﬁrturedna
be i nt egrekrirodnd28 dhng proyisign et £leedien gruag oy twdeHOS& R %eﬁ fgates an
Al t er nat igne by moRNin@ilR6311OxAGME ohRAly FRMphaMIRIrddes 325 AbP6é HBpRed b fhe
el ement having a dynam ¢ aperture. The first electro-active elenent qr a

second elsewnt gubsEate- v@eéiroélﬁ&efﬁts nilaw d@}mﬂ@a fhe pERSTIGS elhe Bynagic apeye sychag the
el ectro-acki¥g,e h&‘{?@ apatiap g&m@orrh@atewagem B 258 Jrla)(_la_ge tdagd

user's conventi 0o I‘ non COI’IVEI’I'[I onal errors of he eye he above
enbodi nmentith avejigherd lwgnzﬁlctme@hm@t boendare omligyneny dé@ﬂ“ﬁéélffsqt AP dgeressn

100, or ap.] Qs 0@9 b@tb&\(eﬁ VEITRA qbz%ﬁsﬁows&?dﬁé&ggoﬂ o I%}e' ﬁb@élbls ORURLFAL i on

with a focusing OL, a crystalline
I ens, a caomweadtenah R4lyis dapmmd b@abendm %d;gpmantdmtsaéﬁhe Iebf:tg) acmve maspdmadee
| ens. n i i.n a a a
power) O?QH§ caﬁ%ﬁﬂa%ﬁ%%mﬁig%ﬁ%%gf?éggb?haﬁﬁgm L§§§&ﬂgﬁ%§?&g95%@es

7A, 7B, a:r;dta]liﬁe sfmam?e ritho dijuie nﬁystaid]he mhtenmllmwrbtﬁomadham ar‘c@chamlgmamd becaperat ure
whi ch are. usef ul . orne inla onl. a r, co he
onbodi st i B el g REE sl R R 2R ordR il o Hef Lo afs S

exanpl e RceidslicoghesticRE3 Zidngcdpaé b@gseuexfamrg ehtsﬂacaﬁ fianl hemaeemﬂiewecmteemmr or
posterior chanmber 100 or JUL havin C .aperture. ic or . 500
may have SEHEBFIVRGIeReR] Bt aye e 36@ Wi 3%%@#%%@1 Waluéﬁz‘ﬁ@n
510 may Rghich 11Pht ArabRb&l LAlhF Saf&itd. V'@h@a@dﬁa%ﬁv&@&n@m 40P ap FurtiByintiode have a
dynam c aperture and may instead provide a chan eablggﬁgtlcal qwer . The

el ect r o- @ekries PR rmREoRAdy Ob SitearHEErRI Sl e elirie-BivarPaleRe de 8o XIFHST fhi¥s

520. The cgUbsi-Eal §Fe FBMHNAY Sra) h1LPLd ﬁ}%ﬁie@%‘ﬁ(eﬁxe QutePBYrEREY BF AREsBETAIRT @he
optical powers.” The substrates and/or the el ectro-active el enents nmay be

capabl e ¢lecewles aetdonigd pothe dnnetrecssturfacqudithd whstigieslampoloel by polasizery @1y P%‘f?a?l

and/ or Qif} GRAYE ﬁ&l‘aﬂﬁghn gcrtrﬁlﬁe'i tcp{he tdk}@ct Y& théa‘htgtg@tslé@tlall 18¥er 33 AREpRE Ve outer

el ectrica Fy connecte ectro es In | ectto-active elenents by
el ect ri catrfwoniiecpardivs to5BGaligTnentdiredion oflths clesspt dighinpe liafelﬁvéﬂlﬁr yolarizan $per ent
aperture 540 and a nostly opaque annulus 545. The term "nostly transparent”
means approxi mately 50% or nore optical transm ssion (and preferably 75% or
nore) and isn't nmeant to necessarily nmean 100% optical transm ssion. The
term"nostly opaque" neans approximately 50% or | ess optical transm ssion
(and preferably 35%or less) and isn't nmeant to necessarily nmean 0% opti cal
transm ssion. [77] The substrates may- ltave one or nore openi ngs 550 and/ or
pores 555 to allow nutrients and/or cellular waste products to pass through
the substrates and/or the electro-active elenents. The openi ngs and/ or
pores may be created, by way of exanple only, by a laser, or they may be
machi ned or stanped. Typically, the openings and pores are | ocated at
non-el ectrical or otherwi se non-critical areas of the inventive |lens or
optic such as within a central region where the el ectrodes



WO 2008/ 103906PCT/ U82008/ 054721 do not extend or apply power. These
features are especially inportant when the inventive |lens or optic having a
dynam c aperture is used as a corneal inlay or corneal onlay. [78] The
control |l er meyodymweoat | east some of its electrical poweeT/Es0mmiEspower
supply 560. The power supply may be attached and integral with the
substrates or attached but not integral with the substrates. The power
supply may be a thin filmrechargeable battery such as those manufactured
by Excel L ghitv@mirecHdgs &ioRrifdtoAbir@e bR rgeahhsle Batdgek. Favh HeGRRABLemaf bbei ng
cycled in excess of 45,000 cycles. This nmay provide a usable lifetine of

20- 25 yeatigmedio enerspEdnelAiaTs ens or optic. In an embodi nent of the present

| nvent | Orgerh W, § Bl {dhdaRuAEINRE BEAURL G IR RIS TP S8 A0tk Tk acked
one atop the other. In this enbodi nent one of the batteries may be used for
20- 25 yedhesalignuiertt fayerstonient thraditeetoy ofiths ligid svteldpsa to dicaméth thenpoldrizpis el hat t ery
isnolo abl e, . i r . 3 : S dto
by a si gua SRaees aurbif AN, R Yerbd i GG oA 1, MY (0 e
of the i paehtlitythegplaiization diretien ¢fthelfsGlarizan és rotfited 9p dowees bl e Hauidesrysitiso be

itor. Th I b t el zhar. . |
onl y by ThTLETBT oS Rl se e e Poe IR S8S, pRb R B CHRRP ©
mat er i al pohEyatiah divediion us thd stoond pipieie Mheafde, on a dugieartd ttdiethecherpizopdl y' s
| ectrical . A ivel t he. Ligh it ] [ .h
i ezoel eqelB¥Ra wp ebPET RS SbrmarUmrRb b J % ot at s vl Seediffed

| i ght - sensiuleby e eRlclrod®a s Ren@eamakiarhCiifulid cridtilansiedley eligh, withthe orientation of

i ght-sensitive | may, be a 1.5 ?m photovoliajc cell. Th hot oyol t ai c

cell is d# qtl‘?%&%gIaHerP%@é?PIéﬂtoéé?a PHETFIRB IS’fI P’QWI@I"IIgﬁIeeDIHIF?@g II’ﬁrIIﬁgrmr e
pr ef er ablpyiatidr iz ednang i gakerppak] BRRY WlarkidnlteeaRh 9f he st bblerips hotwhen
partially di darkness, but not fully dilated. The_ inyentive | ens or

| at ecj bIé%& ! | |
optic nay?tﬁq%@u@@)és & I“fgIeBy ie PRSP PARIIASY & Saths Rk &y P‘E:I%IE&II)I 8@“@%@ Bezi ng
the 1.5 2hR+pfoh aohibARloE t&kon® poabdrf - THRGoMS B anRY VARSI At QR dbbdiptn dTer
chin and forehead into a device that provides the eye safe | aser energy
needed t digkiibyugh the lighid ciysgl Pmapiretedvol taic cell or cells. This may be
acconpl i B F Sl¥ctioals 126
pr ovi dedﬁ@?o%ﬂagﬁﬁggﬁg |S§°‘%?IA§I?%’5@%SI§?IBQ§%%£I]§I’IIIQ non-SI%e&gli ca(I ed dil ated
pupi | calrsédd disrtra-actieyelaiznk 44 ofs abovbyifl eleetrafiey Btk 380.080i ay Wharapsfivaledi ent
visible | : jooh 1 Z4 ? t i : I f 1 n
the 1 nveriPrus S i betoRfhebetocg AT BhdleachEhl pPlomEt Uyt e
enbodi mertsr efabdeltdrodes aepdblifeledtrode 30 gleativetad,ubs pippgae annBluRwill now be
phot o-vol tai ¢.cell not. capable of ,bendi ng, Lt 1 pl I are
pl aced i II"IHI%QFIWSF% FR%E gI%nS%OfI%?C%P %I %?)nadﬂgr? a?“@ I?EIFIEI% Iﬁﬁe‘%p%\?g’?\%ﬁf\?e% ens
or opti C bewetn e catt@wlithe tlretrwled &gl tr inodr diametan sfeltdtode 320t &f didveodepdl0, 32B0] I n

an enbodi,nent .qf . the present_ inv ion, the lightssensitive l1..,5 y be
a sol ar égﬁl@d%ﬁ% agdie ?tlvﬁtg@’lm%ﬁgée PoeBEH a?III’g’Frzgﬁtan FPeFEICE rWlIIcl)l(gtéthIaga1

cor nea oOfforkrlae bewedn Beeknse pithatledtyvdehispesed WO 2008/ 103906PCT/ US2008/ 054721
froma portion of the iris of a user's eye. Thin electrical wrin

oper abl § @kt deascsgp i Daraertorma: SOk PO Gre WS chiors pRABRIPIRY S ¢ or
I ens. ThesgbRetigha ! THMer 8 GifBYe 2B Slchd1haH dhtudl Aevigipdld Whit Aouinduatuthighg t he
iris and operably connect to the inventive 100 or 1OL in the anteripor or
post er i oftha Fralsertheofetivh elneyjeembprimesb Phfie PRSP HBYPIBRD: PAFRE! BHEHYH mhet hat
it suppl 'aﬁﬁl&%%ﬂgﬂeﬁhseﬁ‘gﬁibﬁ@rmHQ\y@rfgoInPo&b&'t%I}?ofttﬂ@pcﬂﬁ?z@rsf Qthe 2eo3@PRMBVEL
power supply. The thin electrical wiring may not conduct electricity and
may have myfhsranafpsizopr shbe huhias praferebpn et és qaplsPItke Wperehigadientds tol d

t he sol ar, : e. js I: ' ion,
one o mSPaTer i HRSPEE B Ak} i oARH R BhConghort RRABICRRAR be BHERRIO L o1
t hat t he inchiapng ltectveiall abnsmissionghrouginibe tlscitchesiisotlanende l1f suclh ap Frabadipeihy OL
that houses.an;&l eeyroyactlye el ement aIféIde e ob%f%h&{ﬁss‘i&”% Blere QR C
may i ncl ude a nor y met'al raberi al” 570%For re-estaplis I'ng the proper
shape, positioning and alignnment of the device after being fol ded and
inserted into an eye. A nenory netal "renenbers"” its shape and attenpts to
regain its original geonetry after being defornmed (for exanple, while being
folded in preparation for insertion intig-the eye). The nmenory netal may

al so function as an antenna for inductively charging the inventive |ens or
optic or for receiving signals froma transmtter. The transmtter may send
a signal to the inventive lens or optic to change the dianeter of the
dynam c aperture or to change the inventive lens's optical power.



[82] The inventive lens or optic may include a sensor 580. The sensor may
be a range finder for detecting a distance to which a user is trying to
focus. The sensor may be light-sensitive cell 565 for detecting |ight that
i s anmbi ent sddoogiioBnei dent to the inventive | ens or optPCL/USEhg§EAE0r nmay

i nclude, for exanple, one or nore of the follow ng devices: a

phot o-detector, a photovoltaic or UV sensitive photo cell, a tilt switch, a
| i ght sensor, a passive range-finding device, a tine-of-flight range
finding dewlcRaydfle ARtERE kifras Forll B ABLEGKON M ERHRY BGbGh WRpBNRe uSET
may be view ng, "an acceleroneter, a proximty swtch, a physical swif{ch, a
manual owad Hehd awsoritaddhrough thegadiie) ibolavesiyihe eperige 286 heaprdifds ngieesad deiser

t ouches . e hri i -of . [ LRl Bhdi ctor,
i o1 AL dabReReBl BoRa e ABRRLRE Al R e ke
The sens dusteadpf ednswingriind wgien,Gheregion mpryensdadrbo compesed nbe Humier o lessyedficiont

(MUMS) gyrosco adapt.ed for detecti adil; ' Gﬂtﬂ?

encycl or é’f’%ﬁ%ﬁgfﬂ u%eﬁ P OLER® {éraneS%S.SIOn’[tB%Tbyf%i‘éoné%ﬁ%%grlﬁ%gg%ﬁgm %%Igér a %gtate
connect e@véotht heaquentateo| Tiete enfivdirsansincena thdetsrissior ngorast iid betwegn ©a and
send a signal to tgtehscon roller whi ft@ trigﬂ ers the activation and/or

deact i va[dg%ﬁ“egfam&ﬁ AR & COAPOREBNt s of the inventive |ens or
ﬁpt ic. Wﬂgﬂ)} t s vRvoemt in\@ﬁssiilﬂﬂﬁo Rive Qﬁtijnﬁlg.hm Icude}‘l; irdldy, cbxjeeaﬂ -mllap,dﬁw er éDkenment
aving a dynam c aperture, the_ sensor y of exanple only,. .\WO
20081103 FOBET 195RI9% ﬂ%%?ﬂtlﬁéfxﬁe‘%fe@? %‘h\éﬁﬁ?ﬂ%ﬁéﬁ 12 ’SfaSWF‘E%‘PCéM‘OHM
conmmuni cahBombd Stk ALABThORod: Qedrb® p&RHnoPkh Ghplart i digneindioctheremtralofistdfe
present invention, the sensor may be a phot o-det ector anLema% lfe. I?c ted in
a peri phdreapupile geyprthsiess peprxipaial i G is0 6 g Fe5eRaling of BE A2 DRI N TSt he

iris. Thigulogatd QR R BRsURShiipdQf 3 f DadeRdok e LRAHAs! SRdheEndecTigases in
avai l abl e 1 ght cdaused by the constriction and dilation of the user’

pupi | . Fialjatree afe confesidens Whieh wootmixgiselly imlantgd bugradhrs &4t o fiedn GRS SQrageor ghepupi |
is dilat qéjjrla%g;%e%gpsor senses darkness and the controller may cause the

dynam c aperture to dilate or renmain dilated. Fjgure 18 shows .that during
the day, [6H]i Figuedhtbownpryprat snangrsspiso! Bigsicrtrods rEBRRPMR & bigire SR aserene
senses t hayl DCLARIGA! of %QE‘%S&PQV&HQHQ@BE@ME SLorfmYc CAkS 8f 4 Behatid e
aperture to constrict. The dynam c aperture nmay remain constricted until
the sensaraysengpesittaedndaivedp thheedmattc efntaivadi malsiRPi ghrangereh 4 bebiieai n
threshol d,.J i c | 3i8leaB¥, GRU he QYRATT &a0&khUE®vet O
dilate. | e&gﬁoulcg‘n%regfz%? Hﬂg(f?%g%({e? haggﬁetdhe i (r%\%e%??ltgn cont enpl gt_es I ocatei ng

t he sensefenient’asupstraggi drraggemetie Bi GyBrand\ehdve fs pepmeipt ¢aater hithe Weg Kectiofesan
opti mum manner,. Jn certain | t he. t ol ﬁggul]

controll gﬁgl}ggyto I%?vleeﬁ’ato &Y 5%13?%§?%;%8\/}%0§{1I%E§3r%£5ﬁ%tthg%% ang(ggﬁnﬁ%ibﬁ_tthgnsi ty
of |ight elestrraitive ebmpenty yubfttaes, Amstendny AnBr €, Dhand Eheaydedchypeofilivddendel ay
feature). Thus, when_.a user blinks hjs or her es he .sj i

aper t ur e SE3e ﬁ%f““b%“&enéﬁ@%' 51 TR0 PR F%@‘ %ffe e 8%‘5@ eée?ernge&}sttniﬁsmafyonger
t han t he chih stéd foake diffegenbhtankenTdng: deingylctmydebsholva ngigutifan aapplaooci witt el y
0.0 seconds,  and pr ferablr?/.l.o,se oq{jﬁ or Iong?r. [08@ L n. algotﬁpgcr) o
enbodi mert CHPOLFENSH SRS RMERIPO At AETOATLTEIen! RAREEY BRARRT £7BMS),
may det eGhhet BBctil-&ti 38 8mdres. W GRta8EbdtSech IEGEbRGic kintérhg tikemgelectielce aids

that a user is focusi n% ithin a near distance ran t he control.l er may

t
cause t hdheggaqamsiie capere Ujl?vge‘?“Pwa@é gy b betwesn @Pmﬁaéggﬁ'oi 2R SRORREN Lo
field. | fmrh,%d%ﬁt{fﬁ gl%fe%heé\eﬁ\?eeh RAtrotiRGeHSED minS arldoGSkRGitdIEy.O Rdn t Nehddbbe

di stance range, controll er may cause the dynam c aperture to dilate. In
an embodingisd tthas fotheh elignmente it anyrapelsthichreen trdwesikaisi appapOspibie! JaEs PWedBhor e

phot o- de%ﬁ&&«?fm%@g@yy A e lwxl@éa%k dyRiisic RbAGRION8S 0886 Alfudthentde

focusi ng Tens may a tocal |engt ppropriate for a specific distance
f r om t he tussEveigive yaplaforas éremplrggallyinménistot Gredet e ot thy pzapscRes pelitsed,
the fir Stele%ﬁgders]%ﬁl %g agti\fapeﬁ Y3 lh%%x!:ig#)gn L@t oﬁ{épeﬂ%h 1Jn9ﬁ)%—%§glf e BRAT of the

di st ance,” the €&€dnd “oné aving~a tocusing I'ens that properly focuses for

i nternedi ate di stance, and the third one having a focusing |l ens that
properly focuses for far distance. A sumof differences al gorithm my be
used to determ ne which array has the highest contrast ratio (and thus
provi des the best focus). The array witfg.the highest contrast ratio may
thus be used to determ ne the distance froma user to an object the user is
focusing on. WD 2008/ 103906PCT/ US2008/ 054721 [85] It shoul d be pointed
out that in certain enbodinents of the inventive lens or optic, the sensor
and controller may be overridden by a nanually operated renote switch. The
remote switch may send a signal by means of w rel ess conmmuni cation
acoustic conmuni cation, vibration communication, or |ight conmunication



[ 86] The substrates of the inventive lens or optic may be coated with
materials that are bioconpatible with anatom cal objects in the eye.

Bi oconpati ble materials may include, for exanple, polyvinyldene fluoride or
non- hydr ogewanoes/ wpws ous per fl our oet her. The substr at esPGHUS208&5YAY | ous

el ectronics that are affixed to or enbedded within the substrates may
optionally be over-coated to be hernetically sealed to prevent or retard

| eaching. Additionally, the substrates may be designed to encapsul ate the
various elRehd aRitee SMER bhad LiEeysigh of e hed Whik b pohent Subssks ates.the [ 87]
In an enbodi rent of the present jnv nt'%ﬂ@ t he |n§Fnt|ve | ptic may

be bendaBlVentivedmalap was saealy mpraed uihd dlighmeni iR 6 ng of t%%ﬁ‘god%}ﬁ“ﬁ%

insertioleldin QSR BselRB b tra%lﬁﬁrs%ﬂ b ey bf BipR oAy abwlgd E&b@iRratifn, retinal
syringe-1like device commonly used for i npl antation_of 10OLs having a piston

may be uéaw aisrehnal idpsdmenisnnayolsmaghareen hige rpe t RS PEPERECH Mot P
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crystalI?ﬁémﬁg%ga%%ﬁbgﬁderperfornlng or fully performng single focus I|CQL,
static nmiA74] fEk;afo 406k ledyen amy be hipdus comeet 1k cnyearstonalor nprrponyentighal errors of

el ectro-gctiv ocus n Ny, T t MRAaRLC
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such as is of certain albinos, a ful rfor der or.m ng
o Foctshr S ot B Ata I el Bhn el et HITRE Bl R
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inlay or corneal, _onla t hout a am c aperture, a_fu rformng .or
under per FoRHi Hig! it b i) %ng?Sﬁbpgcwg {iRgn VIS SYYE (OF e CeHE B LM oeR ot
dynami ¢ gRefdb %c%sm%f;ov@é? ﬁ%%rthﬂ%hbb@ﬁleﬂ@@f B ARERRL O dichg-atifeleRiiciV@ving
surgery. [90] A performng"” lens_is ca abl e of properly focusjng

i ght onaﬂﬁémﬁ%ﬁwﬁamAmmm@Wéé?@éﬁﬁ@ﬂﬁﬂﬁﬁﬁm}%H@ halmielencihptairerty H?Bﬁ@ﬁly
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inhibit or renmove sone or nost of the higher aberrations of a user's eye.
[91] The inventive lens or optic that houses an el ectro-active el enent

di scl osed herein can be conprised of ophthalmc materials that arc well
known in the art and used for 1QOLs, cortact | enses, or corneal inlays. The
materials can be flexible or non-flexible. In one enbodi nent of the
invention (not shovvn) an inventive TOO is made out two approxi mately 100
?m | ayers of a




WO 2008/ 103906PCT/ US2008/ 054721 pol ysul phone materi al having the
appropriate electrodes, liquid crystalline material (which nmay be doped
with a dichroic dye), optional polarizing |ayers, power supply, controller,
sensor and widhmss/meeded el ectronics. Each 100 ?m | ayer #&/usewosg2f orm a

fl exi bl e envel ope that sandw ches and houses the el ectronics and

el ectro-active material. The total thickness of the working optic is
approximately 500 ?mor |less. The outer dianeter of this particular

enbodi MeQky, ISt ARPE s MRl Bt LD alTBledtRctibd hd el Bav@ RYHiradlolr 6 8dtive Bltgnent
inventive TOO nay be capabl e of being folded and inserted into the eye

t hrough havimemd Hynsmiqyanerive. hbe Ssbele@to-aghy GXPIRLER Jeoontfpdio-aeltselemet ﬁ‘br tain
embodi me A Giida; ' Lol bedorlestingtan} bzad as
part of tgtgcallo%vent|63{y%@€ﬁ§?%}g@ﬁrh§%ﬁ?ﬁ%&gIﬁlg?%%%?}ggi ts pr g%eryshape and
| ocat i onofitht eser’s cothvagiopdend/ prmarcodnfipnabertdivcidhaeys. Aht dovepm e AW or
chanber . 92 sone j t i J hedMmer a
Fiiter byt Btechbes SEFa@rRast, AEM Rlat B0R) BERTOLL THE Mk D ImpdtipbBmd 8
ener gy bbeeselingbticalrngdmonnishtion avith aooatsingilepls suchBaebyfwaytaf exaseple Py, aaylat so be
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appr oxi na nd approxi nately
10 mm ( n@Ens inag beldhthgindaapble oSiterineixendica gowpdor dyhanic fespaitlé of@ltbinggtsopiigal
optic's int e?ded application. Qther dinmensions are possible as well. [94]
Wien used®%¥)a corneal inlay, the diameter of the inventive optic or |ens

having a émPaFﬂgﬁreéipﬁ,r BN SdMES bhodeerhBsiindrtast hd envetitinetaeing af dynleiccpemea.
When used_as a contact |ens, the inventive oogl%icc or éﬁns %r}nkhﬁv% A in

di anet er WHERERHSCHP FF B:EPTRER dNlY: SOSRLHRY A B F AT TSR | yvRo PR SRR
enbodi Mepfg5 QP AL M8 ahiYE Aol BB motiifed Sihey, feikhage bphddifpetblhbbnhapies, fomye be
curved to substantially match the curvature of the cornea éﬁv\he@ used in a
corneal RhwERyenge EEios o HogerRoshapbrs I@Qer (G By ingsedy PRICAPESRE ack ™ RIREY . I n
ot her eg@gﬂhﬁ?ﬂé\%ml% gﬁln&’é EREusAtil@0Bmets SHDSécRbas vERIEnRat T0aRGbe sirhiD]

Fi gure ows an ocated 1n an anterior chanber of an eye and i@
optical toshniniactite demenist280 ar H0rmiay not kaypy dimasie pRAERE A0F FIY uskiad BOKISF di ng

to an emaogi - e vt TR SnS SR, 40Rbaaabed 1N
an ant e%%ﬁ%@%@ncgﬁgge%&gﬁwi aﬁ;ﬂgépfgl?rggﬁn%grﬁ%u% cation with an 1O
accor di nguttsgater528ntibel subsrites afaythives pr @died poivenoe el bive oPE gumere PRLShBWE™an 100

| ocated iLh a terior.c er .. ' : LGatdeRnW th
an | QL tﬁﬁ? S@B@%@c g}% %“ra Q]%aro %ﬁug% g%ggﬁ%ﬁgfgﬂcagﬁlé;%adgggét I 2@%%‘3 an poftfon
enbodi mesf anf of ke cpivesinil dndioe mbi-omvetealesrtvo dif tentyes howantrallerSHhimay b nmay

L
| ocat ed iThe alBctdtehiytefishanbely mhspareneypertan 840 mdapbistpbpagorrmmenivs 843. dkew t h
an 1Qt r’tle?ztn “?n%rstriye g‘én%pgrgx{t” rfngarns a}o’;\g?o%u%% e{ylg)g/? 8r6 nﬁ%’o‘ﬁ%@aﬁ’ gg:tésgl?sdél?o% J(and preferably
A75% or more) and isn’t meant to necessarily mean 100% optical transmission. The term “mostly
| opaque” means approximately 50% or less optical transmission (and preferably 35% or less) and
isn’t meant to necessarily mean 0% optical transmission.
[077] The substrates may have one or more openings 550 and/or pores 555 to allow nutrients
and/or cellular waste products to pass through the substrates and/or the electro-active elements. The
openings and/or pores may be created, by way of example only, by a laser, or they may be
machined or stamped. Typically, the openings and pores are located at non-electrical or otherwise

non-critical areas of the inventive lens or optic such as within a central region where the electrodes
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di stance vision and near distance vision according to an enbodi nent of the
present invention. The enbodi nent shown in Figure 11 may be useful for

provi ding an i ncreased depth of field for providing internmedi ate distance
correction. wEi e shows an 100 | ocated in a posteribeT/ohraesss72of an eye
and in optical comunication with an I CL according to an enbodi nrent of the
present invention. Figure 13 shows an | OL having a dynam c aperture in the
portion of the ICOL closest to the eye's pupil according to an enbodi nent of
the preseBtaol H¥RAE Qfbly Fhveidl Ghdsd f@h@assm@éhpbmy ngbﬂ&&t AhélyMmamiventBRedk bf € i n
the mddl e portion of the I OL according an e di rent of the present
|nvent|oﬁwn¢@ﬁﬁgé xeme%ewgwaﬁﬂ¢ebmWévnﬁ@1 ARFAHEY OBBerture in the portion

of the I @hssl ?ﬁ@&fﬂﬁ&l@:r khe dﬁyﬁt‘t §a§t Qbrhoar 1%%%@&1@&1 @gw&%tﬁpa Wgh 600f1'h§ he
present invention. Figure 16 shows a corneal inlay havin
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Experiments were conducted wi th neutral denmw (ND) optical filters with
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increasing depth of field by providing good visual acuity and contrast

sensi t i viPEayidepihe eynbafe laefeanergs measied te enseHits fbﬁé 5 g 9@]t0waiw§éﬁ1éﬁapeﬂSt Héishest
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of |ight 68%} t € &ldoBfhent of the present invention, the light-sensitive cell 565 may be a solar cell.

The solar cell may be located in front of (closer to the cornea of the eye) and separately disposed
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CLAI M5 | . An ophthal m ¢ device, conprising: an el ectro-active el ement
conprising a nostly transparent dynam c aperture having an alterable

di aneter and a nostly opaque annul us for providing an increased depth of
field, whereionobsmesspht hal mc device is in optical commemi/cebiseni™ai th an

I ntraocul ar | ens having an optical power for providing at |east a parti al
correction of a refractive error of a user's eye, wherein said

dynam c aperture can be altered renotely, and wherein the ophthalmc device

Is flexiblg aa;ﬂ;@udn%fﬁiéﬁﬂé G sy d 43! fmh@ia&ﬁcaﬁ %ﬁ%ﬁﬁd}’d}p@ﬁ@l@ cSn¥and flugh an
incision in e range of approximately 1 2. The ophthal m. c

devi ce ofo Beaprtroller Wftbﬁ? invendivel opficeent e aldieielestrisplettEng ey PptsehroREntE PUES: a
first sutggt%lg,gttguchggp[gyﬁg {1 ¥rBnt lc%ﬁx?]ercpgeﬁe Gh2RAREdIPB: 8015 4 HRCAb: 821 d

first substrate; a secon substr aving a surface faci ng sai d surface of
sai d fir posteishshanstee pf e syngThe edlerctetonky bt lorso soenebriudnibat § grrieecispetsai d

fs :g ?RS 23?3?%% gow?r"%o gbvaatff L:%%et e C?as%}bérﬁg p%%ﬁpﬁ) "ﬁl'&?lﬁf? §1%9r19a§ Wﬁﬁﬁg’haty%t
conduct electricity and may have a form factor which has the appropriate tensile strength to hold the
solar cell in place. In certain embodiments of the present invention, one or more small holes may be
made in the iris by an ophthalmic laser such that the thin elecirical wiring connects the solar cell to
the 100 or IOL that houses an electro-active element. ;
[081] The inventive lens or optic may include a memory metal material 570 for re-establishing the
proper shape, positioning and alignment of the device after being folded and inserted into an eye. A
memory metal “remembers” its shape and attempts to regain its original geometry after being
deformed (for example, while being folded in preparation for insertion into the eye). The memory
metal may also function as an antenna for inductively charging the nventive lens or optic or for
receiving signals from a transmitter. The transmitter may send a signal to the inventive lens or optic
to change the diameter of the dynamic aperture or to change the inventive lens’s optical power.
[082] The inventive lens or optic may include a sensor 580. The sensor may be a range finder for
detecting a distance to which a user is trying to focus. The sensor may be light-sensitive cell 565 for
detecting light that is ambient and/or incident to the inventive lens or optic. The sensor may
include, for example, one or mote of the following devices: a photo-detector, a photovoltaic or UV
sensitive photo cell, a tilt switch, a light sensor, a passive range-finding device, a time-of-flight
range finding device, an eye tracker, a view detector which detects where a user may be viewing, an
accelerometer, a proximity switch, a physical switch, a manual override conirol, a capacitive switch
which switches when a user touches the nose bridge of a pair of spectacles, a pupil diameter
detector, a bio-feed back device connected to an ocular muscle or nerve, or the like. The sensor
may also include one or more micro electro mechanical system (MEMS) gyroscopes adapted for
detecting a tilt of the user’s head or encyclorotation of the user’s eye.
[083] The sensor may be operably connected to the controller. The sensor may detect sensory
information and send a signal to the controller which triggers the activation and/or deactivation of
one or more dynamic components of the inventive lens or optic. When the inventive lens or optic

includes an electro-active element having a dynamic aperture, the sensor, by way of example only,
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sai d second substrates, wherein said plurality of electrodes provide
said dynam c aperture and said annulus. 3. The ophthal mc device of Claim
1, wherein said dianmeter of said dynam c aperture is alterable to a fully
dilated sizeoedosmsfully constricted size. 4. The ophtihednisgsdevi ce of

G aim3, wherein said dianeter of said dynamic aperture is alterable to one
or nore sizes between said fully dilated size and said fully constricted

Zize 5. The ophthal mc device of daim2, wherein said dianeter of said
ynami ¢ r{ureaqi.s Jo| e 0 Pl wrad it
of el ect %gag Aot e »%h&tg (ﬁblk@lt %d% eV| cg&%%s ngflm\r{n&%gﬁﬁer eftﬁﬁgalrg Y

el ectro- ambodmemmﬂf é'ﬁ:lpaetserﬁ (mmanm@eﬂfleaexbpr wéabd zephqthdﬁt@tqgrap@wy be located in a
peripheral region of the inventive lens or optic and located behind the iris. This location may be
useful for sensing increases andfor decreases in available light caused by the constriction and
dilation of the user’s pupil, Figure 19 shows that at night, or in darkness, when the user’s pupil is
dilated, the sensor senses darkness and the controller may cause the dynamic aperture to dilate or
remain dilated. Figure 18 shows that during the day, or in light, when the user’s pupil is constricted,
the sensor senses the increase of light and the controller may cause the dynamic aperfure to
constrict. The dynamic aperture may remain constricted until the sensor senses darkness or the lack
of available light below a certain threshold in which case the controller may cause the dynamic
aperture to dilate. It should be pointed out that the invention contemplates locating the sensor in any
region of the inventive lens or optic that works in an optimum manner. In certain embodiments of
the present invention, the controller may have a delay feature which ensure that a change in
intensity of light is not temporary (i.e., lasts for more than the delay of the delay feature). Thus,
when a user blinks his or her eyes, the size of the aperture will not be changed since the delay of the
delay circuit is longer than the time it takes to blink. The delay may be longer than approximately
0.0 seconds, and preferably 1.0 seconds or longer.

[084] In another embodiment of the present invention, the sensor, by way of example only, may
detect the distance to which one is focusing. If the sensor detects that a user is focusing within a
near distance range, the controller may cause the dynamic aperture to constrict to produce an
increased depth of field. If the sensor detects that the user is focusing beyond the near distance
range, the controller may cause the dynamic aperture to dilate. In an embodiment of the present
invention, the sensor may include two or more photo-detector arrays with a focusing lens placed
over each array. Each focusing lens may have a focal length appropriate for a specific distance from
the user's eye. For example, three photo-detector arrays may be used, the first one having a
focusing lens that properly focuses for near distance, the second one having a focusing lens that
properly focuses for intermediate distance, and the third one having a focusing lens that properly
focuses for far distance. A sum of differences algorithm may be used to determine which array has
the highest contrast ratio (and thus provides the best focus). The array with the highest contrast

ratio may thus be used to determine the distance from a user to an object the user is focusing on.
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7. The ophthal mc device of Caim?2, further conprising a controller
operably connected to said plurality of electrodes. 8. The ophthalmc
device of Caim7, further conprising a sensor operably connected to said
control | er. wooosTigoepht hal mi ¢ device of Caim7, whererau/smbaosont rol | er

I s operably connected to a power supply. 10. The ophthal m c device of
Claim9, wherein said power supply is one or nore thin filmrechargeabl e
batteries. 11. The ophthal mi ¢ device of Claim 10, wherein a first of said

thin fil mgsechPIeaR! BinRAllLEhiteScdrBintaRddihht beht ¥vamide RnSawpnd tafsesat d
thin filmrechargeable batteries is used when said first of said thin film

r echar geats eonbralier eayes overieden| by gaialbesreiad. remaly switthe GiSHEREF FECHHRR ce of
daims, §<¥Ma%e'sig%a§?h§j GO T O Lefelchs BRERARMENC UARES EnhRuiealibdiibaegsi ti ve

cell. The 0 almc device of aiml, wherein said dianeter of said
dynani ¢ apemtmiraion.aor light ednreynimtiorepshabyby waof eppaplesiivh infiered. dax ek obf

Qaimi, e%}x?prlee Ly LRSS Bl soPlenSl Bafl Y QAT EctPRES elthifark ARG ainfli Q8L Al

renotely.
controller may cause the dynamic aperture to dilate to allow more Hlght to reach the retina.

However, this may impact the user’s ability to perform near distance tasks, such as reading a menu.
The user could remotely control the dynamic aperture of the inventive lens or optic to constrict the
aperture to increase the depth of field and enhance the user’s ability to read the menu. Figure 20
shows the normal operation of a sensor and controller that have been overridden in which a dynamic
aperture is constricted for near distance tasks in dark lighting conditions even though the user’s
pupil is dilated. When the near distance task has completed, the user may remotely allow the sensor
and controller to cause the aperture to dilate once again automatically thereby allowing the user to
see best in the dim restaurant with regard to non-near distance tasks. When activated, the remote
switch signal may be received, by way of example one, by the inventive lens or optic via an antenna
formed from the memory metal material 570

[086] The substrates of the inventive lens or optic may be coated with materials that are
biocompatible with anatomical objects in the eye. Biocompatible materials may include, for
example, polyvinyldene fluoride or non-hydrogel microporous perflouroether. The substrates and
the various electronics that are affixed to or embedded within the substrates may optionally be over-
coated to be hermetically sealed to prevent or retard leaching. Additionally, the substrates may be
designed to encapsulate the various electronics such that they ave buried within the substrates.

[087] In an embodiment of the present invention, the inventive lens or optic may be bendable,
foldable, and/or able to be rolled up for fitting during insertion through a small approximately 1 mm
to 3 mm incision. A syringe-like device commonly used for implantation of IOLs having a piston
may be used as an insertion tool that allows for the folded or rolled inventive lens or optic to be
placed properly where desired in either the anterior or posterior chamber of the eye. Figure 21
shows a folded inventive optic or lens having one or more electro-active elements. It should also be
noted that when the inventive plano contact lens and focusing contact lens may be flexible.

[088] Embodiments of the present invention having a dynamic aperture can be fit 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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15. The ophthalmc device of Claim2, further conprising a first polarizer
di sposed on said first substrate and a second pol ari zer di sposed on said
second substrate, wherein said first and said second pol ari zers are crossed
pol ari zers. wdlfos/iibes opht hal m ¢ devi ce of C ai m 15, wheri/nsaosasstr al
region of said polarizers is renoved. 17. The ophthal m c device of Caim
2, wherein said electro-active material is doped with a dichroic dye. 18.
The ophthal mic device of Claim2, wherein said plurality of electrodes are
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or fit in monocular manner, if desired. In addition, the inventive optic or lens disclosed herein can
be designed and fabricated in such a way that the central point of the dynamic aperture may be
remotely relocated relative to the center of the optic or lens after being implanted within or on the
eye in order to better align the central axis of the dynamic aperture to the user’s line of sight.

[089] The inventive optic or lens may be used in optical communication with a healthy but
presbyopic crystalline lens, an underperforming or fully performing single focus IOL, static
multifocal OL, dynamic focusing IOL (such as that of an electro-active focusing IOL), or an
accommodating JOL without a dynamic aperture, an eye having an iris that has been traumatized
and is torn, has a hole, or does not contract or dilate properly, an iris devoid of pigment such as an
iris of certain albinos, a fully performing or underperforming multifocal or single vision contact lens
without a dynamic aperture, a fully performing or underperforming multifocal or single vision
corneal inlay or corneal onlay without a dynamic aperture, a fully performing or underperforming
multifocal or single vision spectacle lens without a dynamic aperture, or an eye that has had
underperforming refractive surgery.

[090] A “fully performing” lens is capable of properly focusing light on the retina. An
“underperforming” lens is not capable of properly focusing light on the retina. In most cases, the
inventive optic or lens will improve the quality of visual acuity as perceived by the user when used
in association with and in opfical communication with the various examples provided in the
preceding paragraph. When used with a fully forming lens, the dynamic aperture increases the
depth of field and acts to inhibit or remove some or most of the higher aberrations of a uset’s eye.
[091] The inventive lens or optic that houses an electro-active element disclosed herein can be
comprised of ophthalmic materials that are well known in the art and used for IOLs, contact lenses,

or comeal inlays. The maferials can be flexible or non-flexible. In one embodiment of the

invention (not shown) an inventive JOO is made out two approximately 100 ?7m layers of a
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wherein said nostly transparent aperture provides a transm ssion

approxi mately equivalent to the transm ssion of a neutral optical density
filter of |l ess than approximately 0.1, said nostly opaque annul us provides
a transm sswarnoegpsoxi mat el y equi val ent to the transm sEiITdEs2008/0847Ak UL I @
optical density filter of approximately 0.3, or both; wherein said dynamc
aperture can be altered renotely, and wherein the ophthalnic
device is capable of being surgically inplanted into said user's eye. 22.

The opht favifd MWhQE®08@ Bl @GdtaImncasitbne (hienmag be
further g@i&h §§§Mh§ﬁ§?$§§ésgg%§%%%e Olurg?ltﬁ§of %ﬁgﬁtroées dl%§8§6d on
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sai d surfgce of "'sai d second substrate;
houses the electronics and electro-active material. The total thickness of the working optic is

approximately 500 ?7m or less. The outer diameter of this particular embodiment is approximately
9.0 mm (not inchuding any haptics). The inventive I0OO may be capable of being folded and
inserted into the eye through a small surgical incision of approximately 2 mm or less. In certain
embodiments of the invention, a thin layer of memory metal is utilized as part of the inventive J00
to aid in opening the TOQ to its proper shape and location after it has been inserted into the eye’s
anterior or posterior chamber.

[092] In some embodiments of the present invention, a tint or a filter may be incorporated into the
inventive lens or optic to filter high energy blue light and/or ultra-violet light. The filter or tint may
also be used to enhance contrast sensitivity as perceived by the user.

[093] The diameter of the JOO or IOL is between approximately 5 mm and approximately 10 mm
(not including haptics), depending upon the inventive lens’s or optic’s intended application. Other
dimensions are possible as well.

[094] When used as a corneal inlay, the diameter of the inventive optic or lens having a dynamic
aperture must be less than the diameter of the cornea. When used as a contact lens, the inventive
optic or lens can have a diameter between approximately 5 mm and approximately 14 rom. In somne
embodiments of the invention, the outer surface of the substrates may be curved to substantially
match the curvature of the cornea (when used in a comeal inlay) or the surface of the eye (when
used in a contact lens). In other embodiments, the outer surface of substrates may be planar.

[095] Figure 8 shows an JOO located in an anterior chamber of an eye and in optical
communication with a healthy presbyopic crystalline lens according to an embodiment of the
present invention. Figure 9 shows an JOO located in an anterior chamber of an eye and in optical
communication with an IOL according to an embodiment of the present invention. Figure 10 shows
an OO located in an anterior chamber of an eve and in optical communication with an IOL that
corrects for far distance vision only according to an embodiment of the present invention. The
embodiment shown in Figure 10 may be useful for providing an increased depth of field for
providing near distance and/or intermediate distance correction. Figure 11 shows an 100 located in

an anterior chamber of an eye and in optical communication with an IOL that corrects for far
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an electro-active material disposed between the facing surfaces of said
first and said second substrates, wherein said plurality of

el ectrodes provide said dynam c aperture and said annulus. 23. The

opht hal m ¢ ¢evoegiosfs C ai m 21, wherein said di aneter ofpsaigodynan c
aperture is alterable to a fully dilated size or to a fully constricted
size. 24. The ophthal mc device of Caim23, wherein said dianeter of said
dynam c aperture is alterable to one or nore sizes between said fully

dil ated %15 eceavqgons g&g:{ gt%c 9 ni%ﬁ c:(0‘1t t§ 'aﬁ@mbod%ﬁent-gf‘ﬁe SRBdbaleitendgyd ce of

Claim 22, erern sai ynamc 1s alterable by appl i cation
of vol tagmbbcbmSIal gﬂowhuméhgurwlbfmaellecmspﬁhé@ Proﬂémg‘ﬁhén%?ﬂ%%éfmﬂi ef #eidi e of
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control | ef a@ﬁﬁ@ﬂhﬁ optiah esfirewhidators aithl ap IO abéordmpfo asgofigngesof the present
invention. Figure 13 shows an IOL having a dynamic aperture in the portion of the I0L closest to
the eye’s pupil according to an embodiment of the present invention. Figure 14 shows an IOL
having a dynamic aperture in the middle portion of the IOL according to an embodiment of the
present invention. Figure 15 shows an IOL having a dynamic aperture in the portion of the IOL
closest to the eye’s retina according to an-embodiment of the present invention. Figure 16 shows a
corneal inlay having a dynamic aperture in optical communication with a healthy presbyopic
crystalline lens according to an embodiment of the present invention. Figure 17 shows a corneal
inlay having a dynamic aperture in optical communication with an IOL according to an embodiment
of the present invention. It should be noted, that it is not possible to show all possible embodiments,
combinations, and placements of the present invention. For example, a contact lens and a corneal
inlay embodiment having a dynamic aperture are not shown, However, these embodiments will be
apparent to those skilled in the art.
[096] The inventive I00 or IOL can be surgically inserted during the initial surgical procedure
that inserts a conventional IOI, without a dynamic aperture. Alternatively, the inventive I0O or
IOL may be surgically inserted as a follow on surgical procedure hours, days, weeks, months, or
years after the initial IOL surgery.
[097] Successful operation of the inventive lens or optic is dependent upon obtaining the
maximum allowable transmission through the mostly transparent aperture and the minimum
allowable transmission through the mostly opaque annular region. Experiments were conducted
with neutral density (ND) optical filters with ND values between 0 and 1.0 in which holes having a
1.5 mm diameter were formed in the filters to create apertures. In some experiments, a second filter
was placed over the aperture to simulate the transmittance through the aperture. Neutral density is
measure of light transmittance based on a logarithmic scale and is related to the transmission (T) via
the following relationship:

T =100 Fquation 1
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28. The ophthal m c device of Claim 27, further conprising a sensor operably
connected to said controller. 29. The ophthal mc device of Caim?27,
wherein said controller is operably connected to a power supply. 30. The
opht hal m ¢ swvioeg10ef06Cl ai m 29, wherein said power suppl JCT/ES20#856121 nor e
thin filmrechargeable batteries. 31. The ophthal m c device of C aim 30,
wherein a first of said thin filmrechargeable batteries is used initially
and a second of said thin filmrechargeable batteries is used when said

first of [emididde exgetihsntf B hitsr gaabdl@iniir 8f dinfSeiyslosotol e of operaileeted 32.
The ophth id controll
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for increasing depth of field by providing good visual acuity and contrast sensitivity, but only under
certain conditions. ‘
{099] In general, the best results were obtained when the ND value of the mostly transparent
aperture was less than approximately 0.1 (T greater than approximately 80%) and the difference in
ND values between the mostly transparent aperture and the mostly opaque annulus was greater than
approximately 0.3. In a preferred embodiment of the invention, the ND value for the mostly
transparent aperture may be less than approximately 0.04 (T greater than approximately 90%) and
the ND of the mostly opaque annulus is greater than approximately 1.0 (T less than approximately
10%). While increasing the difference in ND values between the mostly transparent aperture and
the mostly opaque annulus can compensate for a high ND value in the mostly transparent aperture,

it will lead to an undesirable decrease in overall transmission of light to the retina.
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34. The ophthal mc device of Claim2l1, wherein the center of said dynamc
aperture can be relocated renotely. 35. The ophthal m c device of O aim 22,
further conprising a first polarizer disposed on said first substrate and a
second pol ari zer di sposed on said second substrate, wherein said first and
said second pol arizers are crossed polarizers. 36. The ophthal m c device
of Caim35, wherein a central region of said polarizers is renoved. 37.
The ophthal mi ¢ device of Claim22, wherein said electro-active nmaterial is
doped with a dichroic dye.

CLAIMS

1. 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 ophthalmic device is in optical communication with an
intraocular lens having an optical power for providing at least a partial correction of a
refractive error of a user's eye,

wherein said dynamic aperture can be altered remotely, and wherein the
ophthalmic device is flexible and is surgically implantable into said user's eye through an

incision in the range of approximately 1 mm - 3 mm.

2. The ophthalmic device of Claim 1, where said electro-active element further
comprises:

a first substrate;

a plurality of electrodes disposed on a surface of said first substrate;

a second substrate having a surface facing said surface of said first substrate;

a single electrode disposed on said surface of said second substrate; and

an electro-active material disposed between the facing surfaces of said first and
said second substrates,

wherein said plurality of electrodes provide said dynamic aperture and said

annulus.

3. The ophthalmic device of Claim 1, wherein said diameter of said dynamic

aperture is alterable to a fully dilated size or to a fully constricted size.
4. The ophthalmic device of Claim 3, wherein said diameter of said dynamic

aperture is alterable to one or more sizes between said fully dilated size and said fully

constricted size.
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38. The ophthal mi c device of Caim?22, wherein said plurality of electrodes
are pixilated. 39. The ophthal mc device of Caim2l, wherein said nostly
transparent aperture has a neutral optical density of |ess than
approximately 0.04. 40. The ophthal m c device of Claim?2l1l, wherein said
nostly opaque annul us has a neutral optical density of greater than
approximately 1.0. 41. The ophthal mc device of Claim2l, wherein the
ophthalmc device is flexible. 42. The ophthal mc device of Caiml,
wherein said increased depth of field provides for a nostly continuous
range of perceithedphtgitc device of Claim 2, wherein said diameter of said dynamic

aperture 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.

10.  The ophthalmic device of Claim 9, wherein said power supply is one or more thin

film rechargeable batteries.
11.  The ophthalmic device of Claim 10, 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 batferies is no longer operable.

12, The ophthalmic device of Claim 8, wherein said controller is operable connected

to a light-sensitive cell.

13.  The ophthalmic device of Claim I, wherein said diameter of said dynamic

aperture can be altered remotely.

14.  The ophthalmic device of Claim 1, wherein the center of said dynamic aperture

can be relocated remotely.

-30 -



43. The ophthal m c device of Claim 21, wherein said increased depth of
field provides for a nostly continuous range of perceived focus. 44. The
opht hal m ¢ device of Caim2l, wherein said electro-active elenent is
integral with said intraocular |lens. 45. An ophthal m c device, conprising:
a dynam c el ectro-active element, wherein the ophthalmc device is in
optical communication with an intraocular |ens having an optical power for
providing at | east a partial correction of a refractive error of a user's
eye, said dynam c el ectro-active el enent including, an aperture; a first

substrate;; 2 Plcabih¥al a8 aciiages, HaRassHpilnds Bt (aGE,Alusald first

substrat e, a _secon strate aving a sur f I Ng SUI’ ace of said
first on said first substrate and a second polarizer disposed on said second substlate, wherein

said first and said second polarizers are crossed polarizers.

16.  The ophthalmic device of Claim 15, wherein a central region of said polarizers is
removed.
17. The ophthalmic device of Claim 2, wherein said electro-active material is doped

with a dichroic dye.

18.  The ophthalmic device of Claim 2, wherein said plurality of electrodes are

pixilated.

19.  The ophthalmic device of Claim 1, wherein said mostly transparent aperture has a

neuiral optical density of less than approximately 0.1.

20.  The ophthalmic device of Claim I, wherein said mostly opaque annulus has a

neutral optical density of greater than approximately 0.3.

21, 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 in optical communication with an
intraocular lens having an optical power for providing at least a partial correction of a
refractive error of a user's eye,

wherein said mostly transparent aperture provides a transmission approximately
equivalent to the transmission of a neutral optical density filter of less than approximately
0.1, said mostly opaque annulus provides a transmission approximately equivalent to the
transmission of a neutral optical density filter of approximately .3, or both;

wherein satd dynamic aperture can be allered remotely, and
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substrat e; a single electrode disposed on said surface of said
second substrate; and an el ectro-active nmaterial disposed between the
facing surfaces of said first and said second substrates, wherein said
plurality of electrodes provide said aperture, wherein said dynam c

el ectro-active elenent can be altered renotely, and wherein the ophthal mc
device is flexible and is surgically inplantable into said user's eye

t hrough an incision of not nore than about 1 nm- 3 nm 46. The ophthal mc
device of Caim45 wherein the dynam c el ectro-active el enent conprises a
f ocusabl e el emaiHercin thé.opliihelngp bthad B gpabRMifeein@ fsugicall Bl awbéingd suid he
dynam c el ectro-active element is integral with the intraocular |lens. 48.
The opht hal’fiscY8evi ce of C ai m 45, wherein said dianeter of said aperture
is alterable to a fully dilated size or to a fully constricted size. 49.
The ophthal m ¢ device of Claim48, wherein said dianeter of said aperture
i s alteradZe t dhsrophbelmvdevigi ofddaipel wedaresaideldatioraptivk ¢lemed fwithes and sai d

fully consctohlipﬁtseesq si ze.
a first substrate;
a plurality of electrodes disposed on a surface of said first substrate;
a second substrate having a surface facing said surface of said first substrate;
a single electrode disposed on said surface of said second substrate; and
an electro-active material disposed between the facing surfaces of said first and
said second substrates,
wherein said plurality of electrodes provide said dynamic aperture and said

annulus.

23.  The ophthalmic device of Claim 21, wherein said diameter of said dynamic

aperture is alterable to a fully dilated size or to a fully constricted size.
24. The ophthalmic device of Claim 23, wherein said diameter of said dynamic
aperture is alterable to one or more sizes between said fully dilated size and said fully

constricted size.

25, The ophthalmic device of Claim 22, wherein said diameter of said dynamic is

alterable by application of voltage to said plurality of electrodes.

26.  The ophthalmic device of Claim 22, wherein said electro-active material

comprises a bi-stable liquid crystal.

27. The ophthalmic device of Claim 22, further comprising a controller operably

connected to said plurality of electrodes.
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50. The ophthal m c device of C aim45, wherein said dianeter of said
aperture is alterable by application of voltage to said plurality of
el ectrodes. 51. The ophthal mi ¢ device of C aim45, wherein said

el ectro-active material conprises a bi-stable liquid crystal. 52. The
opht hal m ¢ device of Caim45, further conprising a controller operably
connected to said plurality of el ectrodes. 53. The opht hal m ¢ devi ce of

Claim 52, further conprising a sensor operably connected to said
controller. 54. The ophthal mi c device of C aimb52, wherein said controller

i s oper ablag, comeehRPalhfic A RAWBTCISHPP! YurthePSmpritdhoPithizlopbangevi ce of
Claim54, wherein said power supply is one or nore
connected to said controller.

29.  The ophthalmic device of Claim 27, wherein said controller is operably connected

to a power supply.

30. The ophthalmic device of Claim 29, wherein said power supply is one or more

thin film rechargeable batteries.

31.  The ophthalmic device of Claim 30, wherein a first of said thin film rechargeable
batteries is used initially and a second of said thin {ilm rechargeable batteries is used

when said first of said thin filin rechargeable batteries is no longer operable.

32, The ophthalmic device of Claim 28, wherein said controller is operable connected

to a light-sensitive cell.

33.  The ophthalmic device of Claim 21, wherein said diameter of said dynamic

aperture can be altered remotely.

34, The ophthalmic device of Claim 21, wherein the center of said dynamic aperture

can be relocated remotely.

35, The ophthalmic device of Claim 22, further comprising a first polarizer disposed
on said first substrate and a second polarizer disposed on said second substrate, wherein

said first and said second polarizers are crossed polarizers.

36.  The ophthalmic device of Claim 35, wherein a central region of said polarizers is
removed.,
37.  The ophthalmic device of Claim 22, wherein said electro-active material is doped

with a dichroic dye.
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thin filmrechargeable batteries. 56. The ophthal m c device of C ai m55,
wherein a first of said thin filmrechargeable batteries is used initially
and a second of said thin filmrechargeable batteries is used when said
first of said thin filmrechargeable batteries is no |onger operable. 57.
The ophthal m c device of Caimb53, wherein said controller is operable
connected to a light-sensitive cell. 58. The ophthal m c device of C aim
45, wherein said dianmeter of said aperture can be altered renpotely. 59.
The ophthal m ¢ device of Claim45, wherein the center of said aperture can
be rel ocated renotely.

38.  The ophthalmic device of Claim 22, wherein said plurality of electrodes are

pixilated.

39, The ophthalmic device of Claim 21, wherein said mostly transparent aperture has

a neutral optical density of less than approximately 0.04.

40.  The ophthalmic device of Claim 21, wherein said mostly opaque annulus has a

neutral optical density of greater than approximately 1.0.

41.  The ophthalmic device of Claim 21, wherein the ophthalmic device is flexible.

42.  The ophthalmic device of Claim 1, wherein said increased depth of field provides

for a mostly continuous range of percetved focus.

43, The ophthalmic device of Claim 21, wherein said increased depth of field

provides for a mostly continuous range of perceived focus.

44.  The ophthalmic device of Claim 21, wherein said electro-active element 1s

integral with said intraocular lens,

45. An ophthalmic device, comprising:
a dynamic electro-active element, wherein the ophthalmic device is in optical
communication with an intraocular lens having an optical power for providing at least a

partial correction of a refractive error of a user's eye, said dynamic electro-active element

including,
an aperture;
a first substrate;
a plurality of electrodes disposed on a surface of said first substrate;
a second substrate having a surface facing said surface of said first
substrate;
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60. The ophthal m c device of Claim45, further conprising a first polarizer
di sposed on said first substrate and a second pol ari zer di sposed on said
second substrate, wherein said first and said second pol ari zers are crossed
pol ari zers. 61. The ophthal m c device of Caim60, wherein a central
region of said polarizers is renoved. 62. The ophthal mc device of Caim
45, wherein said electro-active material is doped with a dichroic dye.

63. The ophthal mi c device of Claim45, wherein said plurality of electrodes
are pixilated. 64. The ophthal m c device of Claim19, wherein said nostly

; IrD gpz Q?:rg tng | ipgr B ur @ shak dediBlE 8i3hoseRbh A sHBRS b YhiPlech@ESULERAS and
an electro-active material disposed between the facing surfaces of said
first and said second substrates,

wherein said plurality of electrodes provide said aperture,

wherein said dynamic electro-active element can be altered remotely, and

wherein the ophthalmic device is flexible and is surgically implantable into said

user's eye through an incision of not more than about 1 mm - 3 mm.

46.  The ophthalmic device of Claim 45 wherein the dynamic electro-active element

comprises a focusable element.

47.  The ophthalmic device of Claim 45 wherein the dynamic electro-active element is

integral with the intraocular lens.

48.  'The ophthalmic device of Claim 45, wherein said diameter of said aperture is

alterable to a fully dilated size or to a fully constricted size.

49, The ophthalmic device of Claim 48, wherein said diameter of said aperture is
alterable to one or more sizes between said fully dilated size and said fully constricted

size.

50.  The ophthalmic device of Claim 45, wherein said diameter of said aperture is

alterable by application of voltage to said plurality of electrodes.

51.  The ophthalmic device of Claim 45, wherein said electro-active material

comprises a bi-stable liquid crystal.

52. The ophthalmic device of Claim 45, further comprising a controller operably

connected to said plurality of electrodes.
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65. The ophthal m ¢ device of C aim 20, wherein said nostly opaque annul us
has a neutral optical density of greater than approximately 1.0. 66. An
opht hal m ¢ device to be worn by a wearer, said ophthal m c device

conprising: an aperture; a peripheral region; a first transparent
el ectrode conprising a plurality of pixel regions and a second transparent
el ectrode di sposed over the first transparent el ectrode; an

el ectro-active layer disposed between the first el ectrode and the second
el ectrode, the electro-active layer conprising a naterial allowng for a
vari abl e t33ansiihs sphhalafic ddvidetofiQlaitd B2, ptiet tonepriaig queniopbecrablyr egi on;
wherein sai d apertur, royi des a higher transm ssion of |ight than said
per i pheralc"?’@ﬁfegﬁ? Saé&ﬁ‘?ntm let. wherein the shape and size of the aperture is
adj ustabl e by way of a controller, a sensor, or both, and the shape of the

aperture is adjustable to shapes other than a circle.
54.  "The ophthalmic device of Claim 52, wherein said controller is operably connected

to a power supply.

55.  The ophthalmic device of Claim 54, wherein said power supply is one or more

thin film rechargeable batteries.

56.  The ophthalmic device of Claim 55, 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.

57.  The ophthalmic device of Claim 53, wherein said controller is operable connected

to a light-sensitive cell.

58.  The ophthalmic device of Claim 45, wherein said diameter of said aperture can be

altered remotely.

59.  The ophthalmic device of Claim 45, wherein the center of said aperture can be

relocated remotely.

60.  The ophthalmic device of Claim 45, further comprising a first polarizer disposed
on said first substrate and a second polarizer disposed on said second substrate, wherein

said first and said second polarizers are crossed polarizers.

61.  The ophthaimic device of Claim 60, wherein a central region of said polarizers is
removed.
62.  The ophthalmic device of Claim 45, wherein said electro-active material 1s doped

with a dichroic dye.
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67. The device of claim®66, wherein the optical transm ssion of said
aperture is adjustable by way of a controller, a sensor, or both. 68. The
device of claim®66, wherein the optical transm ssion of said peripheral
region is adjustable by way of a controller, a sensor, or both. 69. The
device of claim®66, wherein the optical transm ssion of said aperture is
greater than the optical transm ssion of said peripheral region. 70. The
device of claim®66, wherein each of the plurality of pixel regions is

i ndividual |y addressable. 71. The device of claim66, wherein the

plurality @f pipkebphBShRNgevaef dftasinfd Phvetd dawd Sifiralty& efectrBddshee
el ectro-active layer, and wherein the transparency of the plurality of

pi xel s i s Mfitadabl e to define the central aperture. 72. The device of
claim71, wherein the aperture may be positioned relative to the |line of
sight of a user of the device. 73. An ophthalmc device to be worn by a
wear er, sd&dd ofht bphthalmiddssicefcdapr 1% whgreirasaicapesttyuramsparent aperture has

a neutral optical density of less than approximately 0.04.

65.  The ophthalmic device of Claim 20, wherein said mostly opaque annulus has a

neutral optical density of greater than approximately 1.0.

66.  An ophthalmic device to be worn by a wearer, said ophthalmic device
coniprising:

an aperture;

a peripheral region;

a first transparent electrode comprising a plurality of pixel regions and a second
transparent electrode disposed over the first transparent electrode;

an electro-active layer disposed between the first electrode and the second
electrode, the electro-active layer comprising a material allowing for a variable
transmission of light in the aperture and peripheral region;

wherein said aperture provides a higher transmission of light than said peripheral
region; and

wherein the shape and size of the aperture is adjustable by way of a controller, a
sensor, or both, and

the shape of the aperture is adjustable to shapes other than a circle.

67.  The device of claim 66, wherein the optical transmission of said aperture is

adjustable by way of a controller, a sensor, or both.

68.  The device of claim 66, wherein the optical transmission of said peripheral region

1s adjustable by way of a controller, a sensor, or both.
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70.  The device of claim 66, wherein each of the plurality of pixel regions is

individually addressable.

71.  The device of claim 66, wherein the plurality of pixel regions defines a plurality

of pixels in the electro-active layer, and wherein the transparency of the plurality of

pixels is alterable to define the central aperture.

72.  The device of claim 71, wherein the aperture may be positioned relative to the

line of sight of a user of the device.

73.  An ophthalmic device to be worn by a wearer, said ophthalmic device

comprising;

an aperture;

a peripheral region;

a first transparent electrode comprising a plurality of pixel regions and a second

transparent electrode disposed over the first transparent electrode;

an electro-active layer disposed between the first electrode and the second

electrode, the electro-active layer comprising a material allowing for a variable

transmission of light in the aperture and peripheral region;

wherein said aperture provides a higher transmission of light than said peripheral

region,

the shape and size of the aperture is adjustable by way of a controller, a sensor, or

both, and

the aperture may be repositioned after the device has been applied 10 the user’s

eye.

74, The device of claim 66, wherein the device is capable of being worn binocularly

by the wearer.
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75. The device of claim66, wherein the device is capable of correcting

hi gher order aberrations of the wearer's vision. 76. The device of claim
66, wherein the device is capable of controlling light that is focused on
the retina of the wearer's eye. 77. The device of claim 66 wherein, when
worn by the wearer, the device is fixed in position relative to the
wearer's pupil.

75. The device of claim 66, wherein the device is capable of correcting higher order

aberrations of the wearer’s vision.

76. The device of claim 66, wherein the device is capable of controlling light that is

focused on the retina of the wearer’s eye.

77.  The device of claim 66 wherein, when worn by the wearer, the device is fixed in

position relative to the wearer’s pupil.
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