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ADVANCED ELECTRO ACTI VE OPTI C DEVI CE CROSS- REFERENCES

TO RELATED APPLI CATI ONS [0001] This application clains
wob@dberses it of U S. Serial No. 61/037,35 1 fiPerUS2In09/037544

March 18, 2008 and U.S. Serial No. 61/060,291 filed on

June 10, 2008, each of which is incorporated by

reference ENTI ON

Field of f%@‘ﬂﬁigﬁ |%%EF%SHE?\ e presen Biﬁze ion

relates to an intraocular optic, an intraocul ar |ens,

a corneal inlay, and a corneal onlay. Mre

speci fi caCR}DSSt—REFERENé)HS TORHUADIED rARPAIE A THONSN

cular optic,.an_i oc e I I
10001} 5 PGPSR Fais o Pes TR EU LAY Ssretiso i ST BT Hckpn Mareh
18, ﬁﬂ')@/ a‘ﬁﬂ 18S HRAMNG. 61660 29 leﬁlfe@ oniJ3& P@QK)OQ, e‘d@t%f‘wﬁifch is
. The mask and/or aperture may be in optical

Hwoqnwﬁnﬁbﬁaﬂbenmnm¢ﬁmm@gﬁel with an ophthal mc |ens that
at least partially corrects a conventional error
(Il ower order aberrations such as nyopia, hyperopia,

regul ar asti gneEBASKGROUND ©FbH9RNEY EATHON  a
non- conventional error (such as higher order

Ficldipbthe deyenHe) of a user's eye. Description of the
Rel ated Art [0003] There are two major conditions that

[000??1f eCtp, eéeﬂgi beﬁﬁ{?hl reﬁlt % Iah Eﬁfra%gultng ﬁ it %ulﬂngus a corneal

ternmed ate Stance (0] ects: pres Op a an
inlaf’raﬁd Iaycom'eal dlﬂa}t hbort @p@lﬁlﬁall&ptdle prsciatinamtiof rdléites to an intraocular
stalli ¢ | ens of e e that often

Optl%. ﬁ&ﬁ%}l §legyi %fg)mqaL aypﬁ% e onfyi havegan appgiization mask

and/bp§ 8y 1miB GF QAP ARtih QBasird &dptH @ﬁﬁ’él& SThOmAlk A& dpbit¥retnay be in
focus on near distance objects and |later results in an

0pt1¢ah a@mmunycatl@n dootegrad withreneophgdilratcd e thataat msfqmjrfeaib's:orrects a
S .esti ted tha there are é§ rOX|nate
5t

90 . :
COIlVrﬁnP?Iilaé Srron Uqwer qﬁder Sﬁatbq,né SSB% M2y gereﬁ?/at %eéular astigmatism,

and pegbRpia) Wl be %Q@coﬂstenh&na@ %ﬁbﬂgh@lﬂast Highertdd@dr@batRions) of a user's
approximately 1.6 billion presbyopes. Aphakia is the

¢yC.absence of the crystall|ne | ens of the eye, usually
due to surgical renoval during cataract surgery. In an

[km@ﬁﬂ%ﬁb?ﬂkﬂ@ﬂ%%gﬁﬂl the absence of the crystalline

causes a conplete | oss of accommodati on t hat
results in an inability to focus on either near or
[0003ht erHrexdlé arteewdinstjanmadoiope ttasafféedan aldivigua's tabiﬂaj' to focus on near

ur poses, .an individual  w |l aracts i.f.
and BYERRAGELOF BT Sisigh corhmhef s 6B BEEbronie it B fssor
accofrhédaFidh dF ﬁféto?ys%lhhe RaY6f e haah 3¢ th@P@ﬂ'téht dc@&nﬁ&m@sodﬁng Ina
oint intheir lives. It is estinated
presgm@mdrwad@ll ;thm 1st mf Iatqoamn@htﬁlan et r@uitg ar aremalahef to focus on near
St at.e 04]
aisdBEEHRETR S BRY Hragf ki WG o FPe R GLRRamaP iRy goiecss. 103
estirg4ta® 8RS thefollrt bp6RImately 90 million to 100 million presbyopes in the United
States. Worldwide, it is estimated that there are approximately 1.6 billion presbyopes.
Aphakia is the absence of the crystalline lens of the eye, usually due to surgical removal
during cataract surgery. In an aphakic individual, the absence of the crystalline lens causes a
complete loss of accommodation that results in an inability to focus on either near or
intermediate distance objects. For all practical purposes, an individual will get cataracts if he
or she lives long enough. Furthermore, most individuals with cataracts will have a cataract
operation at some point in their lives. It is estimated that approximately 1.2 million cataract
surgeries are performed annually in the United States.
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opht hal m c | enses, and nonocul ar fit contact |enses.
Readi ng gl asses have a single optical power for
w@oarpattsdimg near di stance focusi ng -probl errs----APCT/US2009/037544 -~ ~
multifocal lens is a |lens that has nore than one foca
[0004gNngt Thostarelard toplsifoadorpotisg preﬁl@roptacarc extlinggzldsses, siuftgfocal
|sta | tifocal

robl SS a e of
ophtflue EnSseanRan %3@ gPlag%tg%nse% Faing lanise aveaqyinglg pptical
powbﬁo@}é&re&ﬁg A8 di M RWSeustpthrbBlbmBO Althaltifd @NRAS is(d [hSthat has
Mul tifocal "ophthal mc | enses work by neans of a
morglthah oine focat lengtd (1. en@ptyahm;aerb ﬁztr@orr@@n@rfgcmngcmﬁblem m:ross a

Qp oca l,ense
raneBh e bbb T SRR O AR BB Gl imays,
cornpgl\Wlayd Sanidlin@adduRGI@S& (YOL A diitilitigstal €pt8h{IMAknses work by means

Alternatively, nultifocal |enses may be conprised of
of a divideomef theduis's sirernfeaegipmaef difersheonticalaunarnuiyifocal lenses may
be c?ﬂ{)ﬁgezal of Q8W§f uofds sﬁr@acgé Ihgpajeéte %{)ntﬁt{uopg :81@ MPAag W Q@rogresswe

It contact lenses are two con Ravi ng

Adddiohfleme (RADPt Akahatpeiye hsultifoos! lewses amy be enﬁlphsedf @frdlscontlnuous

correctlng nostly far distance focusing r ens and
surfiRs (et SR APBETION S ARIGLDPEFT 4 h é{%% mf fsy Mengcular fit
contgéﬁ&%@§§reft@8 UShi& 10fLOh 8RB diFfAQRLpt e %%d%g cBﬁ’t%t lens is for
for correcting aphakia iIs an |ntraocu g I ens
corréqtlmgtm(.‘tsylp garafistin@e fosusaggirplglems wind therotioar comiacti lf:m:la tforl c@:rectlng
ﬁ éf non-.accomodat i ng and cannot change its
mosty Aiter HSNSGEOCUSREDERRINES t ype of 1OL i's an
accommodating ICL that can alter its focusing power by
[0008RY OFhetstaidatErobNoy co® UMRE APHBAeNis ahfidiscalal BAs (IOL). A first type
nmechani cal bendi ng of a surface, or a conbination of
of IQlhés apibele Vlsﬂqsmgltlfmyl K5 thapis nesracernmgdaiine pid ggnnpt change its
S Vi I
optlczla ggéxfm%o dét e%hd]t e J)inl(ﬁhl% agtaggcgﬂrggga,t rlﬁ%ntﬁgtgégﬁ%[ter its focusmg
powtihigy ey of é@&@ﬂi& ol 1 @imﬁtéseloapmmmSmaﬂanwasbenidmgrtg” a surface or
used to rrect presbyopia. One approach is a .corne
a Comgmém Hgﬁ?he BPONG: derhakiadnay 11180 PF SUEPCLRdEHSEIE pRele m‘»Séon IOL in
one % e MAYa ﬁﬁltl@&‘%m e?cceﬁhiﬁ'daﬂ tﬁg gﬁleF %‘%ﬁh dy’ &Jn%inatlon thereof.
de by AcuFocus is appro nate I ameter,
10 mm thick, and contains an opaque annulus with a 1.6
[0006in di Altehatc appmn@maa@rﬂlsqipﬁémg wgd tarborsccd pesbyrgiac®se approach is a

comBigHey sl Bre R e RO Apoes oy BT erdivtc onty, the
ACIT&bY e@ﬂne@mﬁy el |b?0§d%ﬂFo§ﬁQs BhRbkimak P8 &l mASinidsari@éd, 10 um
known in the art, |n1t|ng the di aneter of the

thick gad cemtaingin apaaystenedbs witbadnh mive diemstes trapwargps peening. This

opetglff‘%a{l Po reIiuc ltg M‘fﬁ?(ﬁ tLe Eul%l ?e' Stotahs aﬁlef aﬁﬂl%%r tlﬂm what 18

i ane pears

norrilyi amhfeosma botthe ﬂaeurarm@empham ef thAIptlbﬂ) ugh an o ptic aI
system can only provide for the precise focus of an
obj ec di stance, in a syst

at the focal
[0007)cr %@M@h’s}wndp ths @f.dimifing ﬂk?éEi‘f@%%o the §P1%{P16?1 pkan eptical
syst&h 'i&%aséé e s§f)sft Qﬁeé{cﬁ kil PRAEEr figd X @e H%'tance in front of and

her ef or e, |n t epth of field, the blurring
behlpd tobundgatt phne ﬂmt aprges tpbamefdcgs on the image plane. Although an optical

system can only provide for the precise focus of an object at the focal distance, in a system
with increased depth of field, the decrease in sharpness on either side of the focal distance is
gradual. Therefore, within the depth of field, the blurring produced on the image plane is
imperceptible under normal viewing conditions. An aperture is used to increase depth of

field by eliminating at least a portion of the light rays which make a large angle with the
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i nper cepti bl e under normal view ng conditions. An
aperture is used to increase depth of field by

W@Rkoopiloé ng at | east a portion of--t-he-l i-ght- - rBgEUSIOYIB7544 -~ -
make a |l arge angle with thelens's optical axis

lens'§ opticad axiaiilcai-peiria)g'h]t lighayay)). Nompparakiight rhysgine onlgysbaratyefocused

whef GEtB A FoRy s scn gt St faedl B3hn G0 Pl AT logeed evgther

dlsté%&e hoﬂb%ﬁﬁ? Bsht rd@NaRakRUighest d8MtiohdYem ARVi® kB Blane. By
I ghest deviation Tromthe IHH%@ pl ane. By elininatigP q
an

ehmm;tﬁng aperpiakial lighttraysaghe, deviagion dipiathic onaga pang nenlnmmg

nd
obj eg ?cg eéi ew%r?}m taﬁlé(e&ggga}nc% |o§ hg%%cal Ei s?angee fj Gi Yvhhlﬁ tﬁ%%ep)th of field)
appaepifoced. field) appear in focus. [0008] The snal

aperture counteracts sone of the effects of presbyopia

i creating a larger ran of distances that appear
[0008% ¢ usT henmad 4%%&%@@%%%@@%@&%%@&&8 QfAsSDYPINR B Creating a

{
largérqgn%:eadg dtéstﬂ nSS {élgﬁaﬂﬁ’ﬁgldl& Cf;?&]‘;%gta 15\9 n‘@l t%ﬁ'r&)e 1r1%[ rrrl]ear vision
taskbwﬁhctﬂrthmﬁeekil fer mattdodahbentadi 0s epemmcledaihse&r theAC] 690(atse
atic vi nyl dene fluoride or non- h

gL S s er PO R HBR By S5 PEPRiHEr Aghaty: Skt s
poly%l-b:;rmeng AGSHANG ﬂdﬂ'—l@bdrég%l ﬁﬁé%@]r%toﬁ\é ﬁ&ﬂﬂu&%eﬁ B RS dfte§arnple only.

refractive optical "power 0009] The AcuFocus
As sgdr, meed the rmillay 1§ ma@ésw@ne&letcome@dfua acizre amdipower is fixed.

i ght which reaches t he retina Additionally, t he

ionl ayi s a onI be | one, e as: .
100088, o¥ e %%‘%%%8 ptie ortirt! Yy B “L 515iis) oesam iy fih%%t vgich
reacNéssh®fetinkl gidﬁltﬁaﬁalﬂi elid ﬂﬁga,y ig hﬁfaﬁy ohllyslﬁe iafplaedt ihast cye as

sensitivity, and/or reduction of light hitting the
deleieéipilmpta‘iab ffess wekas halay dpablingeofiieem diphbispEcTite glarh doss of

t

cont} it IR Elith Bolghy R iEIREE AFLE! LT may be
unacanptabie othedeltt abayuib lrﬁplamted @l bdth opest ltehﬁeddd:tzl&owsfeffehts are caused

by iR Reagtsfe T sg{pfggtﬁrte[saégsfg?ﬁggdo{i%@ U @%@ﬁgg@ site Stthe pupil.

Theé‘e@ffe@@%‘sﬁ&dﬂ@%@&’@a@ @bk SV HhER Hfé #311%@15{6@.“ ive surgery in
whi ch one eyé is corrected f ar distance and the

other eye is corrected for near di stance. Anot her
[00 labpr oféimthﬁsaparoc@oln frsabricetingypresharopiprpedrtiend refrastive purgeralin which

one %e \Mgvgrrecs‘f (g %%? {t%ﬁ:ctgl Vgthoep otherhegg fls? crorre X?e?p% I%Ga[* gls%mle Another

pproac

apprBAESio Y @Piralbif hyQhat PpRbMAHd s Ihaﬁlf&faﬁ&ﬁé& kSing fffre@tiieSoptics, for
sone of these drawbacks are nore severe than others.

Xarpig. exanpl e, while spectacle eyewear is capabl e of
correcting one's vision for far, near and internedi ate

[OOI?LSt af éverté%ﬁ ofﬂ@ge"%ﬁe a;cﬁﬁsl;ftba ?&Té@gg%gar b é)da’,eylﬁ& aphakia has

at takes avvay
drawtnclsn rﬁf easessonesfthese drwbicke e@lmenseereartyn oduse thexarnple
ser ercei ve dl? gtion and ex erience vertig : :
Whlle spectac ¢ cyewear is capab correcting one's vision for far, near and intermediate
distances, this approach requires wearing a device that takes away from one's natural
appearance. Also, in some cases, certain multifocallenses may cause the user to perceive

distortion and experience vertigo.

[0012] Approaches for correcting presbyopia and/or aphakia that include the use of
contact lenses can cause discomfort and can also result in one or more of: halos, doubling of
vision, light scattering, glare, loss of contrast sensitivity, limited range of focus, and/or
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[0012] Approaches for correcting presbyopia and/or
aphaki a that include the use of contact | enses can
w@awse1ddcconf ort and can al so resul-t--i-n-onRe--cPCHOBW09/037544-- ~
of : hal os, doubling of vision, light scattering,
redugtiar ef light dstind tlmmcﬁrraaAppmenlsdstﬂhax iimqlfudd theruseeal I0dngen ofsult in one

focu nd/ or r educ t. hit t he ret.ina. .
or magptoefleca . Wats fleS et ieelont Of et @bl Pyigd range of
focuQ AR r&RIcBoRbE h%ﬂt%’[’[ﬁn§%t&@ﬁd ng, glare, halos,

ghosting, |oss of contrast sen3|t|V|ty, limted range

of focus, and/or reduction of light hitting the
[0013%¢ i nHlGSf dopdpckpheseornapramigs r@onecﬁrw@@w@hﬁyé@ nreblematic

espegﬁﬁyst% ?(ya &f ?xa&%ﬂi gnqy\lﬁﬁéﬁ (g{v%p l éﬂt,c (}]rlgéﬁqe ?1 tgl? %%{P,nogxxlzorllrkmg on

a com!petef aTherefoke, \mrrkisrvgle@n fer a:ﬁipbﬁbrerhoderstefoﬁfeeﬂicm fot peKByOpia
is a need for a superior node of correction for

and/py g¥BY8pi a and/ or aphaki a. BRI EF SUMVARY OF THE
| NVENTI ON [ 0014] An ophthal m c device as descri bed
herein may include an aperture, a peripheral region, a
first transparent electrode having a plurality of
pi xel regions ERHﬂhS@bﬂﬂﬁﬁlfOEﬂ&ﬂ&ﬂ&HEBEH@Ntrode

e.first transparent el r ode,

d .t
0018) 2P RESuEHIC P8 esRATRRY M P i i e Plipherat
regi®il, qqtrgtq%s@m@httet&t@@@m%e& ?R&dl@ji‘ 6f pikBl8cLbBS it Os @ebhy e

layer including a materi hat allows for a variable
tranqp,a@@g ghegtqu@rdlmosepd W thejﬁr@t tpqu)gge}remt@é@c@rﬁge ragig apglectro-active layer

dlsp?sne Ibe{vge%fallthey ﬁl‘S? ?d]l e, an theThe%oncfJ eleccc de tlilan B Sih 1roS %Ict(i)xge layer

inchalipds fna&]rﬁl th_ﬁhﬁlcﬁ%&bﬁa Oﬁndﬂketr@@ﬁﬁislﬂrﬁoﬂ‘[@&ﬁt b®he pixel regions may be
adj ustable to various shapes and di aneters, including

mdl%lﬁ&%fsadéfqﬁ&bkt hl epticpkteansmissioy of e ansEmtcy the neapheal reglon or
bothﬂﬁ%’ %é &ﬁ&ga‘tﬂ% Phd éh% L 8¢ {1 %P&Jtlﬂg nﬁfy b%'ag taBle B VAS&s &fapes and
t evrce h

e ape Piure also may posi t1 oned
dianafdrerintlhéing shdpee othasthlaﬁe eriralephndetic ap)ertdne mag e 'pesiayred relative to

The deyi y rn bjpocularly by the wearer, d
the lipg\of &gY% aﬁweé Ogﬁegngecwﬁ @pméﬁo %«a& OF reppaitioged eﬁ%‘f the
dev19é hés%eﬂ\@ﬁglfeﬁ t§ thel L?Sblog] cyeVER PRIR.mdyiR \Q&Yﬂ‘tﬁ@ocﬂﬁ}{ly% the

fixed in position relative to the wearer's pupil

Wea{en@nﬁ]rn%«bmppabia bht@ratgng behasordesaheitbachsind itled wearalys vision.
on.mask.con

Whegorn e ARy PP IR B e i BN S RBE L caRD s Fhai.

substrate has at | east one optical transm ssion

[0018] opeA# ¥phithalinit 8evibd & RBErEbaheilefial lihdeamt apmaizatmh mask
The aijustable optical transm ssion property maét
consfigeted {EpmpiibeleetiragtigeRaypaiert uhstato visre the sUbiEy hagppleast one

opti trtdl@s%\]lll 10 h}gyglﬁ%gﬂg%%te E n@%ct%%agg?mah%ﬁmghé gc}fjhﬁ[able optical

transhiagien progesy rey bk, fohexamee, tthe adenyf tifradedn ofxtle batsadteoor the

nodul ati on transfer fu n of, the we eye,
ampfifigde fREOpRIIE P ffarsmitt ?thQB g Aevifaipay e %1119“110 aperture,
whefdh¥! §ﬁa%@ laRd siZB8f ARAGLAdE 'n‘l)dgr Up&ﬁng@ﬁasgﬁ 8} ladfodulation transfer

transmssion profile, such“as a phase/anplitude
funcppobf the wearer’s eye, and the geometry of the aperture may be remotely adjustable.

The apodization mask may provide a transmission profile, such as a phase/amplitude profile,
associated with a retinal image quality for distance vision and an ambient light level range.

When worn, the device may be fixed in position relative to the wearer’s pupil.
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associated with a retinal imge quality for distance
vision and an anbient light |evel range. Wen worn,
W b@desdce may be fixed in position-+el ati-ve -RPOT/UB®09/037544-- ~
wearer's pupil.An ophthal m c device as descri bed
her ei n deyophtwlogelcaiwe apdekiczbed areimasdy inamdegn apodization mask

transparen ubstrate, where the suybstrate has at
havipe A RBIE PRRIGR g AL it SIOTRES ABVAtAd© ey Vet aiagedient. The
deviey RATifcI@REY dyhha i VEH et rd WNich enayeatabiel 24l idial! $hen worn, the

When” worn, the device may be fixed in position
devieemay b dixpdin prsitigaaeletive toghpvearcs popiht hal m ¢ devi ce

as described herein may include a substrate and a

liquid crystal |ayer capable of altering the optical

transm ggi sphttimichiRvide s describydPhdadinl ifayoclabe b tsut@%ee-and a liquid
99% upon el ectrical activation. The liquid crysta

( ) . ! >t al
crysfah{prer GrRyLlIB T lstingethe apticeh Hansausi piche Aayicq. faiealy by about 30%
- 99U Qlceloaf BRRRL, DIk Y B AT AATRTb 2o R jpelSnd the doviee
maytibhdudtey t@erottay cdpebltiof ectivianin g eSintidneofitet Hyjuid @rytseal tdyer in a desired
wearer's pupil. BRIEF CRI PTI ON. OF THE DRAW NGS | .
pattqrag Pejen AspBchs daviee mé&gg gé% BYPasHIoN TRkERS foghC wiepier g @upil.
under st ood and appreciated nore fully fromthe

follow ng detail ed description in conjunction with the
figures, whi cBREFEEDESCRIBIEDIOF, THA DibA BHANIGSK e

o0t <7 SRR RS o BRSO B SPE) R mor
fullys@&th it foPhwin @it c 5RO n &Y EonjliRPidA Ivifhi tHY Figurés WwhIeNEre not to

|
an expl oded cross-secti onal sidé view of an o
scalglipphich-lketrpigecnes awnpnalsiadicatg carreipanding, apmgpuy e similar
elen{egplg] Fi gure 2B shows a col |l apsed cross-sectional
§i'de view of the electro-active el ement of Fi gure 2A
[ 0020] Figure 2C shows an expl oded cross-sectional
[0019] de Nigeny lohoans aekr@wBaitionafiamhgaldy lapadi gat i on mask.
[0021] Figure 2D shows a col |l apsed cross-sectional

| de view of the ele t,of Figure 2C [002 Fi qure .
lﬂﬂ@k sh%ﬁgre&Ap$h9Wé|ainteﬁ@ﬂew@é%-%e&aenaﬁ iS’rﬁj6§’Ledb8$ %tb?lscgﬂf%?ctwe

elenfeh€RIViAa & Hunamh&raperture. [0023] Figure 3B shows an
exanpl e of” a dynam c aperture having pixilated

el ectrodes operable for creating a dynamc '
[001%per t Kigere[2B0sho}vs i agllpsed Croshrootioasl segéavtpW@f gfe edectro-active

d .c aperture having pixilated el ectrodes operable
eleﬁ?%@%ﬁei&% a dynam c aperture. [0025] Figure 3D

shows an exanpl e of a dynam c aperture having
[0020] Xi | Biged 2€] ¢oivsadesploded cross-sectional side view of an element having an

apodization mask.

[0021] Figure 2D shows a collapsed cross-sectional side view of the element of Figure
2C.

[0022] Figure 3A shows a plurality of electrode rings operable for creating a dynamic

aperture.

[0023] Figure 3B shows an example of a dynamic aperture having pixilated electrodes

operable for creating a dynamic aperture.
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operable for creating a dynam c aperture. [0026]
Fi gure 4A shows an expl oded cross-sectional side view
wW@Rooan1mshect r o- acti ve el enent having--a-dynani-cPCT/US2009/037544-- ~
aperture. [0027] Figure 4B shows a col |l apsed
[0024} os sEigeetdiCoshalvs sihdeamplewf efdyhimeicalpedtncdramingipwalated electrodes
eéegnnt of anyre.4A. LOOZS] Figure 5 shows severa
opergble Al ArRiES BRAMRREIUES r ode rings shown in Figure 3A
herein the geonetric center of a dynam c aperture may
[0028¢ I EFRgicIDEHR sIBlRbinBR dfa dyRemBapeRbfl Iﬁvﬁ@?ﬁﬁ[at&f electrodes
one's pupil. [0029] Figure 6 shows a stack of five
operablg derr Geangi Ay NaMENSEI: hat may each be used for the
di fferent arrangenents of ring el ectrodes shown in
[OOZ%Lg.urﬁgére 40875 & &ﬁfoﬁéd & s-zeﬁtioﬁen %d%gfla{' BV PQULEE S ctive
havi nga dynam ¢ apefture I ch are useful as a
cleneat heddg 4 dyraynic aperane.neal onl ay. [0031] Figure 8 shows
an 10O | ocated in an anterior chanber of an eye and in

tical co nication wi.th a heal th r.esb [ .
100237y o Eepie A Tons 2 cofgnssy crsgarionalHEORAT S feactiye
ebnkﬁt@nﬁgake@ior chanber of an eye and ill optica

communication with an 10.. [0033] Figure 10 shows an

| OO | ocated in an anterior chanber of an eye and in
[0028pt i faBuisonsrawss sexard prighgdments ofthe elsetrodsaings shewn gy Figure 3A

er s ES ARSI R B S IR o

geord@tic CateCavigBipaplli on with an I CL that corrects for
far distance vision and near distance vision. [0035]
Figure 12 shows

10028} "arfigye Cathawis et é%? g@%ﬁgf‘aiﬁ% ffrg%sfftaﬁ%r_%éﬁ g?%rﬁ%eursed for
the dift036 aern%E‘ﬁl@%@%f ﬁﬁ?_&%c%ﬁek Shod lﬂg}u% gdynam ¢

aperture in the portion of the IOL osest to the
eye's pupil.[0037] Figure 14 shows an I1OL having a_
[0038Y nanfiigutap At B eandr/ G stowilalades hpong iadynahictapertir@which are useful

N agOOSQ}]Fi ure 15 %ﬂoms an I CL having a dynam c
s a oraeqh iplay 4y cPHSALUeY-on of the 1Ol closest to the

eye's retina. [0039] Figure 16 shows a corneal inlay
[0031Vi NP garcRydhd Wk an AOEX [bekt€d inmnGidtdrida chanenefibg ayd &1l in optical

with a healthy presbyopic crystalline |lens. [0040]
compjugigation with gdigalthy piephyenic aryitalingsPs-ng a dynanmi ¢

aperture in optical

[0032] Figure 9 shows an 100 located in an anterior chamber of an eye and ill optical

communication with an [OL.

[0033] Figure 10 shows an 10O located in an anterior chamber of an eye and in optical

communication with an IOL that corrects for far distance vision only.

[0034] Figure 11 shows an 10O 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.

[0035] Figure 12 shows an 100 located ill a posterior chamber of an eye and ill optical

communication with an [OL.

[0036] Figure 13 shows an IOL having a dynamic aperture in the portion of the IOL

closest to the eye's pupil.
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communi cation with an 10L. [0041] Figure 18 shows that
during the day, or in light, when a user's pupil is
wW@etirised ed, a sensor senses the i-nerease-of -PCHOS20891087544--
a controller may cause a dynami c aperture in an
[0038] ectligumddlishewe he i@hthatiog ealysémiccipert{n®@id He rriddlermrtiéh of the
IOLshovvs that at night, or in darkness, when a user's
pupil is dilated, a sensor senses darkness and a
controller may cause a dynami c aperture in an
[0038] ECtFignRAli shews b M®Dhatiflg didyadicUpcFi@¥ah theHor@desk the IOL
[0043] Figure 20 shows the normal operation of a
closes isibe caperatidnt rol | er that have been overridden in
whi ch a dynam c aperture in an el ectro-active el ement
igp C Gt r r.di : ' r: .
100307 oG dS oy 8 GetERinRl RABRES SRR 4l feif opcal
comtiuhthieh with@dehitih prasteogiclrgdrdlise Bn§.ol ded optic or
| ens having one or nore el ectro-active el enents.
TAl I.LED SCRI PTI ON OF THE | NVENTI ON. [ 0045] .As used
[00408 ¢ s‘%“rﬁﬁ; éﬁgw A goethiply dpgng ﬁ?[‘ry P%‘?l@raé’e%l]eén 88‘&1/‘?3@ e
comWuhltagén ARhiagabrproperty that is alterable by the
application of electrical energy. The alterable
optical property may be, for exanple, optical power, ,
[0041 ¢ c al FipeisgBshows fifat detingoihe dﬂY,i%illgEEIV, whethe isas'h pipibiseonstricted,
opt | ' nge, tintin acity, fractive .
o sof¥RhiHR i BRRERE SRGT apd b Shier B8 Suba SRR sty im an
clechp-aelivecdlsrferacd costdtenent may be constructed fromtwo
substrates and an el ectroactive nmaterial disposed

etween th Wo substrates.. The substrates y be .
[004§hape%g%d%§§*9wat%aféﬁ% r & IPATEE R ¥ %eﬂlﬁ%g}epﬁ\lfsedﬂated,a

sensPRLREdsariind s CATM ALIAGH 1Y rhw Bukbe dg%'é?ﬁ& raﬁ&ﬁﬁe aDgh SRARARLctive
I eak y be d d on

out. One or nore el ectrodes i spose
cleneatto dlatdf @aemeain dilkedsubstrates that is in contact with
the electro-active material. The el ectro-active

1008 b8 B B e Ry BE  Bpeana i el e been

overgidBGEGREcl @ dihesi apértad asabycty a@fvel @tdnk isC@hstricted for near
connections to apply one or nore voltages to each of

distange task eigtdegdleghtingyrepdisipec e ven dbguedriaisgys pupildpgilated t o
the electro-active material by way of the el ectrodes,

[004t4FI € eﬂ’igﬁller 's"ﬁ8$vlk ¥ ??IH@& %Nﬁcaclr l?ns%ungac{ne R BREL E%cﬂ?@%ct% clements.
al tered. For exanple, en electrical energy 1's
applied to the electro-active material by way of the

el ectrodes, the electroactive material's index of

opt i cal porbEt ot R B RO SRR ON G0

[0045Pe eARGLEPhAREH! MEclSHRITEMyc FRYndRErFR eSS 86l iV {vIth An Bptical
attached to a surface of an ophthalmc lens to form an

propette that o> alicrableeby taappliation nhelcdtaicyl entigy. Ehedtardblaepticabproperty
s S TR R L RS2 g . o
transmittance, tinting, opacity, refractive index, chromatic dispersion, or a combination
thereof. An electro-active element may be constructed from two substrates and an electro-
active material 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 controller may be operably connected to the

7
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optical power to forman electro-active optic. In such
a case, the electro-active elenent may be in optica

W@ oareptise@t i on Wit h an opht hal m ¢ 1-ens.-. but--sePEr/HSWAI/037544 -~ -
or spaced apart fromor not integral with the

electopdes balwayoofl e@@mcalrbmm@pﬁmisacb appiy baner nmalge \wdtages topachcat the

su strate or. A |l ens. . s.a vice or . portio
clocipdy BT cBluftat SoRaterniiie e EaRNe Tty Beigior the
elecfrd)des Sthe cRclr§/a8tiveSmeRAARI Ptiefl frossimey bd Alkdd. For &8RADHle, when
be refractive or diffractive, "or "a conbi nati on

electrwék @gfgy lAamlmsi tﬁrﬁ}ﬁ di@ctm\:@av antasishbeway of thsl dessiodem the clectro-

actlve atﬁ%%lts) grtétfex 0 rr a}%g I;OP glay be ajte %%F%QYPE%%%@PS 8PtlcaApower of the
ebcﬁ@@@uﬂmamb@unade of optical glass, plastic,
t hernopl astic resins, thernpbset resins, a conp03|te of

| ass_and resin, or a conposite of di f f er ent optic
[00431 adelredegio-astivp pleaentmay pe cahedfed withiper ishEiora | Surface of an

ophth ?ﬁlc Wit B ReinG e@fgtﬂoca%hvé pay SAlEéf‘nTaqtlv@Ey bl &FHD - eR%ve element may
erred to as a lens even if it has “Zero opti cal
be embwmied(vhﬂnmnr a&chedatmcn surfapooOpt ozl wmoh\pmyldels-lsuiﬂmnally no
N his case, ens is usually referre as
optica)pls g in HefehE e mHE BrLrL R CE e Attty cloment may
be iMQticAPENERLABAM N with Q@G]%ﬂﬁﬂélhﬁ’@ﬁhs lap &pﬁﬁ&éde&ts%aée@rapart from or
conventional errors of the eye including | ower order

not iatsgral a\tlihdh@ oghib#imag leny @ewphﬂybﬂe& dglsana}pbee@mmmlasubstmie ora

gpl ar. astigmatism onvent i ona s corre
tens SPHRS 1535 USRS B PEF SSGPH 0P 1oL saRkGES bPdiverze i
e., alldiBheEapab R feheibaichONA 1Ehahacbdrehacerusaffhyt as ol ar

| ayer irregularities or abnormalities. The |l ens nmay be
comhmgtl@rgthérepge% end ary bgrconcay@l eanvere &I Plaapsosefisprdwtipsurfaces. A
lens %{a&goreesgoér &l ’%99ﬁ&+c%p ph@f?]ﬁtl%trorg pghlfbﬂl%ﬁélé e ;f'eonlgﬁgnmay be made
of ostidab glask, phaktic th@m@plast&atlesmg,\kbffrnﬁ)@& resind)atcosppsitd of gidss and resin,

focusing light (either by refraction or diffraction).

or a ¢prapeLie i d rfgqf?rg@pr% ggpdespsingepplasiiee 1t should g ppinted out that
v I
Wlthg'ﬂ"gﬁ l%gh%ag Iﬁ%{éltsg% a?lggltcé ?"21 d%gét?féﬁ gto ath ﬁern§ e%n f‘f 'i‘t%a@%@ro dptical
pOWCIC(lkneWh ianglaao pefio aptidal poeen.dlowedvet, he tlay easeTtlhe e oF wsually
ol & rectlrgrllght oah aIHﬂ ort%on f the ret%na LA
TCICH gt g AnPIag? 'y ené 8}313’ Et éf Vet Pé‘& orAPnORYFntiona
constehﬁoﬁa)f €orls @0Addts TR oAV @EDAA AL dﬁh@éyeeniﬁﬂhdfﬁgﬁovb@r order
| ocated in the entire view ng area of
abergitions sushas niywpid, émer@ma,qpcsbwom, gnd r]eg!d@r @tlgmatlsrmnA non-
ctro-

comiel 3P s Lot R AP B B sOBTe s B ek R iheppraer
aberfiploh € that Eansradalisbdas, srale thylchategtihigitied @CAbhermalitic EThe lens may be

el emrent may be capable of focusing light on its own

a smkdfoe@?el@nh@ta makidoqad lams sedrisiaaeiwpyive Addigpr Leny or a bifocal or
w 1004
TSR R T S LA S MR LRSS o

is nadajidbée @focustngklighmicitsr bhecfmctier ar difftactidhe The kemd’ rd:f:iSactive

govered with a clear nmbrane known as the conjunctjv
crrox] 32y rﬁ?ﬁé tQ it &PIveRFigh PR PR forbV&ml?reﬂi cgprsi e hhguld be

noteB Y 'r&ﬁr%cm}gsﬁglﬁ 1S ﬁ&%oﬁﬁg@cm% a refractive error of the eye. Therefore,

redirecting light to a healthy portion of the retina, for example, is not correcting a refractive

error of the eye.
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optical power is the cornea 130. The iris 140, which

is the pignented portion of the eye and forns the
weepoi1175860. The sphincter mnuscl es constr -ct--1-RRCPURI9/037544-- ~

and the dilator nuscles dilate the pupil. The pupil is
[0047he nﬂtaﬂlaltroaqmirvb aleencof mah be &yceted Tin theamtisr view inghaeraithe

160 is the fluidfill ed space bet iri.s d the
clecf B St TS B bR HOTEGR ROl THE LRFSristive Emeatigay be
located@ehiSthB &dpd ndidd 16 B?bétﬁﬂﬁ pERIRBA I Ehell &Ry GHUPtIBI PVARES b Adted that the

remai nder of the eye's Ftl cal Eower heal t hy | ens

elecir@,—a@tamﬁsreetﬁﬁnaa’mp&@e p fcopng daht groiservsyshdackh apt nded to be
comﬁ% capa? a?lsugstra ISi.ng at far, internediate, and
39’ W& o¥e&¥ known as acconmodation. The
posterl or chanber 180 is the space between the back
[0048yr f aciguiefl dhbesiarcrsss 3adioh e afhle@lﬁty lauidnasge 100. Tlewhite portlon of
retina 190. The retina is the "imge pl ane" of the

the eygds knovabnibe peleratld Ot Hae éi)‘?liads %ie\r/@ W@]Ba\ﬁ}ﬁ%ﬁle@b%%wn as
the éé'nﬁhﬁ Va{ i) ;{@g%gfél tink @hﬂm i 4 Qe tﬁ‘atgjgne & rno%t of the eye's

(non- ynam C apert ave 't he
optidah pgecidie iccondicaf 13601 dhbuis h405 whh‘&hSls tﬁaqngmbmtedrpmttlonfof the eye and
decr eas t ssion o ht. t rou
formpgfe BubiL | e he Sohiac gt A ey cafgetibe Prdl iy aDe Shges dilate
the lﬁl%nefrhé p&yil i W@ﬁ%ﬁﬁaﬂehﬁ%ﬂﬁ@éﬁ” TRE allltbﬁ&t chtaﬁfbeygdb & AR fluid-
| ens or optic but also has the ‘detrinment of
filledspace sedten dptihs efid fheahrmErmp@GBOficeret thp hethed. rﬁhc cthestalloe lens 170

) h be or _an tic). i.ncl ude an

is ned e B el Bl B bRt el PEserE afeat pgver A

health§aehsNetgiaBle ¢F YRR s %\;ﬁﬁfat Péveeri siicldthabide el ¢l fsecaP@dlé BBfocusing
an alterable dianeter. e aperture dianeter of the

at fagygrmedisipetndmear Fraignase. acmgaws &neYn ghp¢coRInrylaper weeposterior

changﬂ& 1%{) WL e%ERer%E 1§a%[< dﬁhe RELARAN Rodts {usf&ce of the

ilaneter and a secon d| arre d nam c aper

retinddP0 SThd retinbBtthietimade ahmt' B(BfStheeyH A Uﬁﬂrgec‘(ed t@the dpfic &erve 195
snoot h transjtion) or discaontinuously (i.e., in

which cory gseigRedrmating Qs 38 aperture may have a
m ni mum non-zero aperture di aneter or may be capabl e

[0049i CONRI8E %lldh G RO ?a?eﬂ@@tméw@avé@l%ﬁéﬁﬁt &4 ARESRiepth of

IS zero. ynam ¢ aperture may create apertures
ﬁeldHaw ihg has ‘dlle rd@uirmnt sh émc;asachtr@hslrmmom(aﬂ ligdin ameuglxihe &amy or optic.
nam c. a a bl e . of

LikSIREF A ks ShetBEaY HR0T b Betr TRy intress iisiog of tien
throwgpﬂls 18 ot bplicibtand s eceRedcitloRRotSaicaepth Jfifht.)

an i ncreased size for increased transm ssion of

and a decreased depth of field). The size of
[0050he d% anliltéa Hpe ﬁ@‘aeee(tlwéynayé?eoﬂelé%%@@cppﬁl@} mgg #iclude an electro-
| I e,

sotifE SRR AE s b Bl BRI R LR UiRRD oIS Rpp aperure
hav1dg aaRitaablp eidnute. My aperturo disdasadfithe doynaﬁncf atpmnutdmw be capable

nmet er appropriate for proper near distance Vi.sSion
of sty BEtyErT CorEPee déaﬁw%fﬁrﬁ%aﬁ@m F: Bsfpsdra first diameter and a

secoh& R hEdHafli@RGEYe B BwitdNBetA¥BRTmARE I nEowRly (ic., ina
dianeter may be further i ncreased in size for proper
smoomnraaismna)mehmosilmmwky (pe.own dscrétosteps). The dpmesd aperture may have

ransm ssi of
a ml%ln?ul’lsl nog Sielroo aperture diameter or may be capable of completely closing such that the
aperture diameter is zero. The dynamic aperture may create apertures having a circular shape,

an elliptical shape, or any shape.
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light since a large depth of field is not critical for
far distance vision. [0052] As used herein, an

wap@ptiuises refers to a first regi on,--—-typi eal-1-y -BCT/G82009/037544 -~ ~
near the entrance pupil, that is enconpassed by a

[005d &condl dyeghiorapeminic oimyrteycabablanhaitcamatingtbetvecen edeswasmicsize for

. region ha t |l east one optical characteristic .

incrgiird SR T T e TR PRSI R R g size or

incr&8EPRshsHBGI Ao MBht AYQ RcfbhdietcBM ofARYd)C alhe size of the dynamic
transm ssion, refractive index, color, or optical path

aperfuspgtali beldaerceded 161 rogr distegPoind/orneteyaedirid disagico Histramyw i a large

ef.erred to .as a .peripher region, The optigal -
cepyBE R S RheReR P DSt SRRl stk Grabl Byt nsie
frone [idn@@érapproPrialer pdpyr s edtadte vibion tad iletigerctﬁarhé'ter appropriate
regi on or another function. An apodization function
for nyeRer hetcircsinte distase yisioa- tThe dyeamiarpeiure's dewetamaphefurther
nr QR4 PR B2 B0, BRI ey Q8o
lighvytiadear lagcelypth AdiclibB dohattedahfor darrdsknesfiges to a
device that includes a controllable aperture. In sone
nfigurations, the mask erates by nodul ating the
1005351 Ru i HSF eh SBFOgB£HEBIO piGEod RIS bt g AP bgrentrance
pupil, A i§ AR 0BYEsstHHPUIBcInIGcABRWMER MaY B8 afRALL Wherd MY s&end
a static or a dyham c aperture. The nmask may be a
regigyt basiat loasigiae optieal charagtenstivediBergnothiueéctfivst regiop. For example, the

dul.ation. of light such where a stat.ic.gradi ent of .
secof i e pisse s AGters oD ans iRy oS eaRE ofpical
pathi &6 Bah Aelrst fpna Thaketondiredibe nf§\HeGeferrdd td 4s AtipREral region.

a dynam c mask that has an alterable index of
The ppti¢ah prapstiics of egphiregipn mayngkpintcapttant idos gachasgigyeqy may vary
. i r | . )i ety
b SRS I OEH PR S RO 6B BBL Rl BHL08e o
to désopibatht @driationtih@ne pemoAnoptithl propertiag ofpici ot bodyrep@ns.
inserted or inplanted in the anterior chanber or

sterior chanber of the e into the stroma of the
(0058 rneal eg?q%aﬂap ook sy cedd arﬁeaﬁﬂ}t Bieringo™ tag s cye. As used
herefPh gk irdtbrs! @Y @eviet tHab i chRIEDE BorktR Bblcdpeftrea 1 Yheal

onlay), or wthin any anatom cal structure of the
configurgranssthe hastbeperatts bhmodylating\thej amplidodeuplease optbioth ¢fdsght that is

wan SRR e e PRunSRne P 2BE b P o 1 a8l Ge L R
aperfi@6 €TRe ABYk May Be 8 sAVBakE, 12D K4y apstotRI¥ tiR¥ayhelBodulation of
capabl e of providing an increased depth of

lightfsugh ds yvbos3]statis aadientieé refragtivamdern oy eptcal wanspatignee 0L )
o n havi dcal . .S, L0 (o]
incolhufied FGa IR RO SRV SRS iRt Rl DRGE b Yicrabte
indek 08 esftaetowor dprichitiirshittahct.he anteri or chanber or
posterior chanber of the eye, into the capsul ar sac,
or the stroma. of the cornea. (sinmlar to. a carneal i
[005¢h) ay)s ussA heprin aflwétra@ﬁ}l{ah eptiaOPayetn etice(havige Hyhsgentially no

opti&ﬁ :98%16} fihat iﬁs&ﬁ‘%ﬁ%? %pﬁﬁ'ﬂeaX'ﬂ the@ye VA& Bitfo@NYr ﬁtn%m Keihserted or
structure of the eye. An intraoCul ar | ens has one “or

implepted i fhiciaoiiop owenter anposterior shambgr afidhc @lesmtditestrama of the

corncer ?s?nr{lllgr & %%rog’nueraﬁnlay ,eOQ iItltlg %heI eOthhlgﬁlécl lgyer of the cornea (similar to a

corneal onlay), or within any anatomical structure of the anterior chamber of the eye. An

intraocular optic has substantially zero optical power and therefore cannot focus light. Rather,

an intraocular optic as described herein may have a dynamic aperture and may only be

capable of providing an increased depth of field.
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dynam c aperture it may be capabl e of providing an
i ncreased depth of field. [0056] As used herein, a

W@ r0pe#lsoé nl ay is an optic (havi ng -subst ant-i-al-PGI/H82009/037544-- ~
optical power) or a lens (having optical power) that

[0055% i nSeundeddiemnin, ianphtaavicekir Wins HIOL)tihe lesis (loavengodptichlepower) that is

inselg%{ $r§1fan aﬁgn i eﬁgr o g%r}@geocclu[ﬁaf gﬁi?l 6%3(ytbg ifser %cri S? gth}blanteg th the
antcfOF ARAHbel B FteridRYhdMbdd %the y@eiﬁtor taé @zipfs’ul’ég sac, or the stroma of the

specifically to a corneal | ens, terns
corntg (maa t0|amoayeal @iﬁé’) Qﬁnntbﬁhfcmﬁhn@ald'@m eétheucnr@y (sipglpr to a

cornf?‘“:l n?aﬁlg or lmltl{né %%y %I}alt%/rmﬁ%l sgtblfztuée ?fat%eé S5 ?yn 1Pfcf%0ﬁuéaﬁFfens%as one or
moré B@VdaNfowt be@map @waiay nbbhalbo hsvel m@efahﬁcdapmutdmvmmttﬁ@i IOL has a

Wi thin the eplthellun1layer of the cornea.
dyn%uc@p@mﬁ@ itgpaehe sapabley nr@VI&lwne%aS@ﬁ|davh@étﬁiekd t he

terms "corneal onlay optic" or "piano corneal onlay"

y b |

[OOS'gﬁl ayﬁ? g%gqlmtrex}g %{ESEI%F{H'I ﬁ eeuz Bﬁﬁé {Ha@ﬁ? sﬁ‘ts).{tﬁlgi?l& Ab Q)ﬁﬁ.l:al power)
or a Tdne ¢husiinpgopg @alneeder pthhiay insmatyd bﬂmj;ﬂaﬂed b the £roma of the cornea

el ectro-active el enent nam G, apert.u my,
Whaggeichiingpgrifigrintogg corgeal b e e T SO B P SRBY or "plano
comEﬂ)lnﬁ%I_'Cﬁlﬁ? galsddn |V@ién rBfcRGRL I fIeAl P a Mnéa%layol%nﬁmhe terms
QL. The 100 or may be inserted or inplanted
"corn¢reé irdmt bsni oot ”f@mamg@pnml 1pbts't' mab'dvle ueﬁhrz?bexsed)her@mea ey@eal onlay
. into nea rneal i.nl.a or . .
is o G SRRy A Sy BT BR8P B B Flkor PG s fthar i
inseA& @Yipldh&@l wRRAERd cpithcBYmamngr ﬁﬂﬂféfb@fne@ Myayn PERYTiAE specifically to
either a | ens capable of focusing Ii (and therefore
a coRgdli adayaeptispthicdgmspsqiaes! Oénlayarmtléppr @ @n@d‘a)@%ﬁ@l anlay” may be used.
d u Ly, A
Whefnorgfé‘?&ll@ Fﬂelc@ﬂa%ll}( %Pae CO‘tHE%ﬁ g{lzltg? ?enlg 2t¥1e tetms pczt{sl&gtgg% | sy Br
”ﬁmhﬁngcmmaﬁpnmwbmmgéea@atncreased depth of field, and
may at | east partially correct for a conventiona
d/ or non-conventional error,  of a user's
10052 ot ABESERTHEIG TR dariay a@@n%@&pﬁﬁuramyc%ﬂ integral with (i. e,
emb@&HW'tlﬁﬁ‘Bf Qtfhcl%& ) 9'&8111%51 1HE’151 &t drenfa9! 41191‘@(5‘ Qor an IOL. The
devi ces whi ch are capabl ocu3|ng I Tght and may at
100l s 41 rp@r bd iabériedaw nmpkanteﬂ@m tla antamperthobert oramsveupr chamber of
the eiygn]gl?o the 8 I?rlcl)}ggk tlﬁeelr,ﬂrog{?a ag%olrjrﬁegai Illﬁ@ﬁf %vn‘[ao tﬁ he?ilalelayer of the
cornkf {45 Q@ Al oﬁlgﬂs Th cedtiRaninfyaRe thihegl JHRdy Iﬁa@ué giéhck @Mens capable
an increased th of field and nmay be in optica
of fasopng hgh‘fa(ﬂil‘bﬂlemf@rﬁé}wiﬂgtaé@@ﬁﬁal\EpWﬁr)a?tli apphtihaicapadlq efrfecusing
hght\%ﬁ@& ﬁ% eg?%éélgtggl%fsﬁfr)f%{égll ?i @gcacfr o%@ (Egelf(f Iac il gl)ernents as

descpibed hytemi rady prévite shliycrenad depibosficldngrl by @teléasepmadlly correct
f ocus fron1near di stance to far dlstance may

for agomventional andgy aeBreMECItigndhPHRRPER BifEs FYF- eElﬁﬁt_\;o ﬁ?tb‘(ﬂ clgments may
be uk&lclﬁ%ﬁﬁgﬂ cgﬁlﬁ{lea{l?Ifl ?ﬁég%n%k o SEF t‘ﬁﬁ ?ol%oQ)le% awids v@hlch are

conti huous range o us between t I xed or static
capabbr afefotusug Ipgmendmaf at leest pptitaliz Icmrectlfmmsc)onv&'ﬂite)nlab&td/gr non-

continuous range of focus include the field fr
conBHONA| PUPEAICEINES 8 APDERATGES 3 PFSHI ’é‘PWeQFOIHF@tO or an

1ntrab9ul§1nleh§‘ tenpRdiahferdirShaPohovidd PR OLES & 8f feld and may be
di st ance

in optical communication and/or integral with an ophthalmic lens (which may be a single

vision or multifocal lens) which corrects for refractive errors (such as presbyopia). A mostly

continuous range of perceived focus from near distance to far distance may be achieved . For
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to a far distance, or between any range of distances.
[ 0058] Figure 2A shows an expl oded cross-sectiona
wap@e/1viseww of an el ectro-active element. 200-haRCIGSW09/037544-- -
dynam c aperture. Figure 2B shows a col |l apsed
exangplossdgroti¢ apeatursimdy pravele iofreaded depthatf fistdaehick serves to provide a

el enent of . Fi gur r re el ectro-acti .
contEBHeeS SH PRy BE LatReT Pr TR CHTIEA® Pty o e ophthalmic
lensF qhB &R&stl P RbRuoarahEOf Acudal Peludelth@RER FdMRR n@RQistance to a

| ectro-active elenent is used, the electro-active
far destMnﬁr@mmalb@st@n@ctn@n I@tn@nmﬁ dwtracedrom an trigrmedjage distance
to a B BEnck RHLALIAN DELMESR LG 8] ements. | [0059] An

' SET6SS 5t| glgﬁéﬁ}gff’} yconprlsetvvo opti cal

substrates 210 or may be bound by two opti cal
[0058]1 bstFighe2A dHoevstanexpleldsd cidbesccribiyal RISty b ¢ladttoractive

at and parallel, curved and parallel, or aqne
ele@ab%QQ%V@%Qym%a%ﬁr@mf Zigure 2 shomvsgy qoflppgedjcyrss-sectional side
Vlewp@ftthg Ef%c@ﬁ QCtN%eelé:HlQﬁ hf FHRSE 5 AL Syl g%)’ng?e él@&%-?&k}eaellérﬂents 200
smoot h. The substrates rmay provide an optical power
maytHeelsa;blbat 1 atresal mﬂyy,haooenaabomipy iandD(powen IOEaAlf Imore than one
trate may have a %)El ckness of 200 mm o

elecmﬁctb PPy foet el ERGNPFBTHS 12 b Sk i pon anothr i

theré‘ﬁtﬁéﬁe@hrfsulaﬁﬁh ‘Bgt%vegh ascl@nchesi | i con. Exanple flexible
substrates include flexible plastic filnms. In general,
t hi nner substrates allows for a higher degree of
[0059] exidn Fleptjo-petive Hement 209 nuy sempyise Y eaptial sbiseitesal0 or may be
boun r‘rﬁfthpof oré)glacglt stufbst{ar‘%ese q‘ﬁefw s%bgﬁrt :eér:] {Sjngt S%tsulfasrtaentlllapi b anccii parallel
curvbd ans pahibdl] orﬁﬂn%@tlb@ﬁ% daPhikat supfacy iclie S dif@ictiaB pattern and the
el ectrical ground rgg%] be di sposed on one of the

otheg pisiratg ey Benybyprtiably smoeth. Thaswhsrates Mpyueyids ampptical power or
| t
the sglﬁgt%ahgs Ig%}& i n\% lﬁ@ﬂ O%Je? ga!'cﬁg d%?eﬁ'ggpﬂanvggt tgfcﬁﬁ’éﬁ (89200 um or

str ectro eterm ne
less hindempy bp eigtd (ﬁsﬂemible hExa:hypia migod substrite nextesiatshinelade plass and silicon.
si ze ape, andlo [ s of _the_dynanic apert
EX%@P@&%X@Q%%&MW& @sé‘a gﬁ@e plpgic flpsnin gene&%nt&f*fngéﬂistrates
allox’é& R aRREHR Heé:r@@ gflﬁ&ﬂylﬁt}pféﬁr de el@dﬁ%rhcﬁ% bl%gieﬁmvhlcﬁ rf?a?&"tfé:e

of a conductive organic material (such
1mp<F?Eiw¢orFl’8$e$)or qrirch drat aznoscrtath os ﬁrnpliﬁtted tritd dicrﬁefss Aocfontlheous

opticBlyeiptor CRSTOEL 2wl FRHAR h ol Bpe i iRV Be Gisposed on

one 8Mthe TR t@tc8 Ghd BAES: MR iAdididddfy Redtcfgble @ﬁﬁ@cﬂly\/ﬁaﬁlﬁpa@éht
alignment |ayer 230. Alternatively, only one of

clecepdas 22 oy teglisneaeceen hicspeand subitiagmrElaetraday 823 mAﬁ detel‘mme the
prop%{TFe% %%%C(BIIHXI%IC teﬁ{%eas 1%4;91’&16 %12@ %1?119% %HdBf V\ﬁ%{%& g' the dynarmc

nnent ness’ ’hie " e Iro-ac

apertiRé. @lbc&fodﬁ@w(biﬁl(b}%vm&}n fdr gxamphed cdfprfivy a tatsparsnt conductlve oxide,
preferably l.ess than 5 mm The electro-active nateri

Suchr?éyn%maﬂq oxide dTOY 5t apnduqlvy ergpnifarassiah(such @%BFD@T B or
RIS, 300800 Sl U, Sk oS R0l 2R
exangpledessitharf 1 ghd bbetks wedorredite tellestthade s poy Tap plegirodes@26 and 225
rnay%re cggtreg with an alignment layer 230. Alternatively, only one of the electrodes is
coated with the alignment layer. An electroactive material 240 is disposed between the
alignment layers. The thickness of the electro-active material may be between 1 um and 10
um, but is preferably less than 5 um. The electro-active material may be a liquid crystalline

(LC) material.
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vol tages to each el ectrode. The controller may be part
of the electro-active elenent, or it nmay be | ocated
W@i08i1ts06 he el ectro-active el ement---aird. e0RAECPCT/USI00H037544-- ~
el ectrodes using electrical contact points in the
[0068] ectA gostrdllev @5@ baments to Thivesl@tmotiestl 10emd PRy biyelectrical connections

conpnected to a power rce, ors r,any .ot her
255 et @aK 5roriR ab el RICEIS b Medstatesdy dmiFeats gromore
oltige§ kFeRBINREOIL. NEnEIRELIIQARSy bd Pt bff Y bR cEEUEHR] clement, or it may
mol ecul es align in the sane d| rection as the alignnent
be lagiated ouisids. the pletie-agihvesderoent hd gennstidetths dedtragies using electrical
con R O B BB T VB P RIS G5 pover
sour€d, 8610, BEaiVEthed RoBRAny ddteoficeCl the aBSeﬁbﬁdoﬂaﬁl electric field
per pendl cular to the alignnent |ayer. Thus, if the
betwepe gherqlectiofey. ¢hq liquid erypigl mabags aliggeinghe wmodirestonps the
I t [
I&n d}rs&inogleﬁ{ﬁ{ I@é%etﬂp% ﬁfb‘éh'l ?éctﬁﬁe il dgog%\gef‘eglﬁﬁé‘g %Hld%ﬁ the?hquld
crysml mngum otigit,in theadituctiemd fuht electfc fidi¢ In aislectorysitvaklement, the
es wl] be in a.direction somewhere bet t he
clectiy bem’érﬂerﬂﬁnfi’é&g? Bnthg ﬁegrﬁa?rgiw&r cligy ! vmkse NS R
enodgg'hr B ok RRkatibh oSl Hid %ﬁﬁtrﬁqe&h@ktwﬁl% éﬁﬁ%ﬁfcﬂfa?% ﬁﬁ@%hgnrnent
e as wde as or V\/lder han the el ectr al 1 gnnent
dire¢tropedSthe ghudtrel feadd rsowd siremg ermugh.ithd ori¢ra@&sh]of Theliquid crystal

molGeHRSGHHRAR AP OB SDEE BN ca P RIS S76IoR A o

perplehdl&!ilaﬂ 9 tﬁbﬁgn?&%t anetioh. $CAbhANRhoted tRAARIQsRatbHBay be as
si ze of nam c aperture is typically inversely

widgasgporidechan thte clegtredesnglegnneent kecgeptdreleftropptétedmetritlhe
el ectro-active elenent and is dependent upon a change
{ t
[006'1?1 hﬁ% Jl@d?tsorgc? % g{/&mn%gt 1!11%% HS e{% %%ﬁc{e}reaé&grt gltl (V%?c%bﬁé\ﬁ?passes
and drymramhy:s ﬂlﬁdn mmﬁegm &mﬂubb@ed)ﬁncb/m dcatierog. A&ﬂl‘d\ﬁ@ﬂlnolﬂ@sm of the
nore di aneters. The annul us may be sitiooned at th
dynggaie; nqErLs s bae 3inyaehepoppitisnalde .awga%geéﬁébﬁ depth %@eld of the
C
S L R PR IR g R in PO AR of i through
the ad¢atmmactive cldreerapmsns kmevmaythbertpdbe spanedmay bt ldgnamic and may be
tr] er of the electro-active el enent and. .na
capifE Qi B SR SREPRGOE TSP E ey oL gnt He MR e ghed ot the
perifRe8 cfe e 8lc8EE LB RCAEMEnt R BIE WMo sphd@rdnt HR erl heral edge. The
di stance fromthe peripheral edde, or to ara F
annilussman exed t@rthc haeileg sontet of the cleareactofe dldmeng) Za?bc pperture may be

el enen
posifiidi® i SRRl 16 S ietehoshfs Sothon Bk eefhe of
exteh@ingell thdRays@the Péﬂﬂﬂ&ﬁal ge thé clecembetveierhdif, to a fixed distance
el ectro-active el enent annul us typically frames

from the papRhiardlicd gy teiefadind sh&tqm@e ifioREihe gAAMeNic seNter ¢f the clectro-
actlx%rkq?rﬁéhq g‘h% ei(?*{uﬁé Ql?o ﬁl%?f rb% gﬁlgag)ééf?:‘ful%ezn%d‘r%?&%fga %ﬁ%ﬂ tlat h? genter of

—

aligr

erein, er e
the @ehule\aenmye sdfma@asctha gemaus cotcidbfab¢ elverd-actye obdment. The
hapes i amet ers. The el ectro-activ

62] .
annylgy pically gﬁaw s ap%%f? nesithq g adld&ﬂ%thgrltsc?&gélae size of the

aperyﬂlré.lﬂlA§1 isW¥8cribed in further detail herein, the aperture may be altered to achieve any

of a continuous or discrete range of shapes and/or diameters.

[0062] The electro-active material may include a layer of liquid crystal doped with a dye

material such as a dichroic dye. By doping the liquid crystal molecules with the dye material,
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material such as a dichroic dye. By doping the liquid
crystal nolecules with the dye naterial,the dye
woredoeauises al i gn thensel ves w t h the-14-gui-d--crpGI/EB2009/037544-- -
nol ecul es. The dye nol ecules are polar and rotate to
the dleingrlemil¢srnlizn tiagmpieived wathgb¢ hijwdlcrystad nthlecTibes. djbt idgamolecules are

polab s st Rt e et Smmbieq e rotiee b Poevel domyion of the dye
matdrR$ BShds 6n BR dridflad8A b ARtAGMdu RN mdléblﬁesdﬁlﬁgfe'sf!&ft ffhan

state W th honogeneous (horizontal’) alignnment of the
incideingoptebat wgrsg. alin W@t@w@sﬁtatv\mth hohwgenesys (hagizbptal)dhlignment of the

liquiﬁscltr\és\‘g lrr]%otlgczllle?sgﬁ de?eﬁ{ér ﬁn eﬁ% Rﬁt&‘jﬁgg egé)cl’flt%g%sdls tnﬂt sd[}(ong enough,

the dleRsIp¢ul@uligh Wittot atibiroerd Maylcheardi the a&O‘Eﬁtﬂ)ﬁto@hghtSthrough the
mnimzed or maxim zed, dependi ng upon the relative

liquigrcnesial at miHMized 0 Bximizcdi dspendinownant the Friatigerientation between

the (ﬂf&(%lgvat éc?jlt g{l(}’;\ ?16 e %@n‘ho rréfg%gtre]lrélglg gg%ﬁ% d&g %’gufe) Ihrén%@tlvated state

withalongorsttus Qliortzoetal )i adjighthentrof stiali quit bg&stmll ﬁ&lec\m:e nwlidmethe electric
electrl field between the el ectrodes is stron
ﬁeldé?%\ﬁ@%l £ RisctiRrlss ﬁ%ﬁt@aaﬁegu%hof@tﬂ@ calgsgatalf ATV align with the
orlelﬁﬁﬂl(ﬁ{%ﬁhé eRc@ ffeﬁ? gll'p%ﬁ&&ulﬁr 'Io' tRe glq%tﬁ’ﬁernf? anditou! z'1‘115 tﬂlé:’orlentatlon
he alignnment diréction. his orientation,
the advbstptlpm pbhglofthdughhthe kidqod gtystalhes rhingpaizdd. chy@olajosns may be the case

i mzed he .o site be the case when ..
whefly hofiepSiiie (aurE P Emal TmnEatSH e FEddneh teyabpgption is
mininfiz&4S18G% ®RUE atddBkat@ RSPk ed B afiabiivdt&ateN A& ferroclectric liquid

deactivated state and maxim zed in an activated state.
crys@llfrermaeria gpdyi alsd bausicd: crystalline material may al so
be used. [0063] Figure 2C shows an expl oded
0s t fi.cal
[006‘§LV ﬁ%@gr% 2%0%2%%%le‘éhgd"’f(r‘(%ﬁslcée%ué?ﬁ’al 5@% Vhe%J/ SPE{‘épti?cEPeqement 2200
hav1ﬁg) bh apsichtion @88k S Ecgﬁlreamlsh@wsje ch@Mcﬂfroish&cﬁbtﬁﬂhElﬂé viafw of the

ure 2C.__ One or nore opti eI errents 2200 may be
elenwgg%ﬁ fagys 26 c%%%ramoqerﬂpayal ege B g/usabls egom@al inlay, a

corn@d) dnfly, ah ngDééfa AN I@%r@{h%ﬁ% %eﬁle 58 Gscd, iR GLATRDhRY be
may "stac one upon anot ere i S proper
stackauswue atppw andibe¢nie therd i @raglee rnsnlason p&0641) thierel comants.
confi gur ation, the apodization mask may include a

o063 25 24 N HEL e B S B g0

incli@tlch 8Y&kachile tdek aRRIRAE ERdr RAMPIE theubQtAED2 mh@;r im@lude a layer of a
that has a refractive index gradient, preferably of at

trangpatest POlyDEr oinothey meteiial that hee asefrastise ek aradient Itefeiably of at

least?roag P 1&1&5%&1[31%1 a? [%’aﬁt 0'?1% n?et arn %%”&Pé cc’oﬂ%égga’tloﬁzt? tl%g él[%rnents

hi's con |gura i on red

220@<2280,9086 intayRSIittdsé. Bhis peefiduraticdxanpbercférhel 6 ubatstadit @nask. As
2210 may include at | east one |ayer of a material,

a sp@cly@%e@énpée tt}peaﬂg)ﬁté@tg g{ll(bmay prsluder 3 lgast ey lepees oF grnaterlal such as a
transgﬁ];*@g&l?ﬁ% 6?«9 FcIde q'r@i%ctlvg ﬁrﬁfe X it b&?efgﬁlgdﬂh@ %}adlleilt is at

unlts mmin at one neri
leas{ OB BitsAmdyin arcastamo cheratidnon rrask may i nclude an
el ectro-active el enent 2200 havi ng tvvo opti cal

[006§Egg:égﬁr]g%m%%gdgé%}ngﬁ%rﬁﬁbﬁgﬂae ax e o a?tlve eéfernent 2200 having

two optical substrates 2210 or that is bound by two optical substrates. The two substrates
may be substantially flat and parallel, curved and parallel, or one substrate may have a
surface relief diffractive pattern and the other substrate may be substantially smooth. The

substrates may provide an optical power or the substrates may have no optical power. Each
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may be substantially flat and parallel, curved and

parallel, or one substrate nmay have a surface relief
walpdopnersoé ve pattern and the ot her--subst rat-e--nBEI/IB2009/037544-- -

substantially snooth. The substrates may provide an
substrpteiro@yl hgyowehickmess h&2@Lippsitar d¢ses Impgnehambinner spstrated allows for a

nigtBEGies o P 1oF e AP e\ P AFeh R BYE P Gpegtant M opticsor

lens& @hvelre AREM &BorApldn®Xl ifid thé ¥yd. 0K cbMeuBlLEEH @R EahyRrent
el ement which may be inportant in optics or |enses

clectrodst 22éz|()éhat meeidesdopan ¢ln¢ng¢1tg@@mdﬁn@ behdispgped omone of the substrates

ont I nUQUS t nt el ectr at
and R BOS TFgP RS P RS PR BB e oS SeGrE 5 28 Bl o
dispesed o@fthé bRosdl hxﬂisfratteem@ﬁddmzs maydeerinivill the @ripletties of the
addressabl e optically transparent el ectrodes 2225 may

dyngyeic gpask by alciang the ecfedctiyn indsy B Yaripus party efcthe susls ﬁlztzéectrodes
22200 SRR, DS BEARSChG, X 08, (AT E) TRE Ky e oren
matdras ksucl hePEDOdt PSKiescazizizhand2dleseYhe thidkueks o the optically

transparen con ive oxide (such as_ I TO or
transpgdh el eéﬁ@a?h %ﬁ%@?ﬁﬁi eS{SstB%Ihl 481, BEOEPgEE o be less than 0.1

um. TRE RRBLHAR2DYHRES 2225T1B§y bOLEHOER = Ah ol BEn QR eRPD 30,
transparent el ectrodes hay be, for exanple, l'ess than
Altemlallwlybmtly ose pf the elrepEddetsos batddessh theaahigbmentiayerTha electroactive

el s coa
matf S ER R 50 AT I BTt P By 1T Eo i plsgtro-active
mat&la‘?ﬁia&%@ ®StvcendQah 86d gth bheis prdrerapENEss tBULS un\The electro-

el ectiroactive material 2240 is di sposed between the
activgl gjamal mpay keekguid Thistalllicarateddl. of the el ectro-active

material nmay be between 1 mmand 10 mm but is

ef e

[006?& A%Qﬁt}[ol qeﬁ? (E: ?(?/fglteg]s l't’qqullg-gpreg rglrieengﬁ@?ﬁ%E%{% l%%lgéth@él
com&@ﬂdirts(ﬁZBé fan@ 25 peldapegérerdtidgtah eleetrici¢l o desvedd e ddvdrodes by

2225 by electrlcal connectlons 2255 and. is capabl e of
apply@gemgor AYravelkeetiorseeh eicglreficp di wvan coMiguEttions riBg eantigjler is

part PR R0 REVOLIHRAE ctoﬂﬁ’@l?ertaﬁ qﬁé’}hbeeﬂo@&&{ 9%?1(1% k2 electro-
sone contl guratl ons, e controller - is part of the
activel dgnend-and tonrects It@ﬂemﬂectﬂiﬂ@ oy ¢laithenl cantsd poays ineghe electro-

at ed tSI he el ectroactive el enent and connect
ac“‘iecF?‘Fﬂ?é“ %P?’g{t?é'[?r ey b?@ CRIECEite 3 PORSHIONETS: BRSSO 4Ry “other

necck{iRy @ﬂe@t‘ﬁ&ﬂl&aﬂ 1h4@b&In8EBNIN cldBifC Fient Ke@xlvéé:ﬁrth@EDéct?@des the liquid
connected to a tEOV\Er source, sensors, or any ot her

crysiboedsaley abgrent the pres dir¢ation lae thetydignmentadiregtion| kadthe prssence of an

‘i

ety PEYEG gl B REbEIRER AR DS TPy dirgsfon or e

elec@licfRed.i Brun digttlohitipe eREREE tiRf clévrietieldtis p&Féﬂ(ﬁélﬂar to the alignment
bet ween the el ectrodes, the I|qU|d crystal nol ecul es

layepr Tl ifithe ¢lperigifieldds isfmﬂgcﬁnovalé ke eiaentationfgf gheyliquid ceystal

mol&luFe%tV\lJ’lg 'bgﬁ?%go\réﬁ&hgﬁltg T a? Ia%%l‘ﬁnrreeﬁ{t ﬁﬁé&lo‘h fﬂf_ﬁéu gl’eétlﬁlg ﬁtehdels not strong

er pen ayer

enm@lhethb forientatied df ths hsltlfdo;mgstzﬂnmug&ulestwhﬂ t@rin arﬂnatﬂlcﬁnsoaiewhere
the |iquid cr /st al ules per pendi cul ar

bet“teﬁ% thy %‘f@ﬁ%m iegchr fcbperpyRdiquas t% rf&%hrgpeleﬁﬁ %r%tl?% Hsbould be

noteattﬁaq ﬂﬁe 5%'3&%9 }hﬁe & \lvﬁigtaétolr QiR thanRe vﬁl’e&%d@s Carh)éﬁﬁl@ht layers, and

nol ecul es w be I N irection sone
electroactive material.

[0067] The electro-active material may include a layer of liquid crystal doped with a dye

material such as an electrochromic dye. By doping the liquid crystal molecules with the dye
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between the alignnment direction and perpendicular to
the alignnment direction. It should be noted that the
wWGeustitEwdes may be as wi de as or w-der--i han—-{-RRCT/US2009/037544-- ~
el ectrodes, alignnment |ayers, and el ectroactive
rnatén"wl ¢hd dye mplROEZY alil'gmethelhmi‘tﬂsmiﬁtﬁlb\ﬁquidmyﬂtalaholﬂayes The dye

mol¢ eg%?egﬂ)o%grﬁlﬂ rg‘@%atﬂ bgw QG yStBﬁ?ngaé}Jggal\g; J; T@Peré)%tc?.'lé)ropertles
of tHel d% intht&GlaY St redpRbEs %ee@yevueb bnd fiethd eieRb a6 8f the liﬁbﬁwdmﬁ dye

nmolecul es align thenselves wth the |iquid crystal
molgpyles cmther@smvh@ ayiacidoiteptiva svar e lipdteactisred plotearieh h@mgeneous

(horf3oh D o e b IRPl T SLBE RO Bep findhe St Blel fyoen the

clecléRgigh@ntrbhe el‘itfulgﬁ nﬂhatiy@ﬁlowculeb eligmeittitikhial gneheat layers and the
nol ecul es with respect to an incident optical wave.

I n
indey off @é@@tl%@%@e davat & uichangsed ygbe dptisEqsspmplgnthg index of refraction
ina ﬁa%ﬂ{)ﬁ@& nt dﬁgy #)é Qtl'é! Iﬂllﬁl&l}{ﬁ]} qll aﬂgk %%des%ate W%o%geneous
electric |e etween ectro es |I's not st
(horznntabhalighinentdyfehaid igd ulystl aloicgolew witentthe clattiig Iﬁﬂiijlbetween the

elec{ga SN an%@%lggg{g %d eﬁg’ %Eceuféé(sgr%%: ega?nd? aa@tnrl%g]leie Sflentatlon of the

elecfrf_;‘cfﬂe‘?&f%eﬂﬁn&@ul%f‘to%ﬁ@ﬁﬁétﬁﬁ'&ﬁ ¢irE &R0 Mn MY ofiéntorfithe dye alters the
m ni mu I'n an activated state w th honbgeneous

indeg o6 raﬁzamiorab]j thalr¢genmrelr cahmpleethiciigdaxdfeefyztiah of an activated region

| ecul es, t he electrlc field bet
maydRakg Fige e B¢ by e Fouight it o YRt oataag (gt
aligi@féht 3F NI §thieis Q5ddeicRtHaPR defctivhied BlaRCRds latidHeR ifliex of
per pendi cu ar o the alignment direction. In this
refra@tlblenm aQth@h?d statehapyeelogicr mdex phestiapigax A ferrasiqcsiee lulqmd ofystalline
§%eu§&{ exanpl e, the index of refraction of an
regron may be at a maxi mum The opposite may
be the case when a honeotropic (vertical) alignnent of
[0068he | Tiguiqhid crystabmay slterdgdeBadive tifdek oxedithaeisibiat@adtrum by at
state _has a higher index of refraction an activated
leasts- hpaithgpongly AGTHIEQN-ofsS Pk higEgin.ghe “Wsib sps@rtget Fefers to
al e A
ight el SRR I1fe FRLECT Blou Tl 27300 A B0 CHRRELC) lver
rnaytiméudﬂ Esglhflseh(ssp auktlumwdpyblatof hieastg the mpumil tranmpsmon of light upon
tr.ical used herein "vi si bl.e
elec'gﬁalcﬁcm?ffonr e, i Gt OMSE S IIRP éﬁ@f@ﬁ of fieiggrofers to the
perceﬁageeofqt ne ity HaPistrahitREthrOubh Bdilgh s bY §é@ée drddGot lost to
| ayér may incl'ude a guest-host m xture capabl e of
absoapttoequrmgattew@go Brdferablyt thamsinfuss iscapdfle pf gtering ;ﬁlamoptlcal
wen SR P & R 4o D BB NG D My layer may be
pixilaRdae pragisBf ddstrgbdd, aemgy bé Blattricsllyt 4RIAGALIE Bditdrete pghions of
the layer or,device and not |ost to absorption or

at lea abews 0 Figum ppetheutaibicgting the reppRRserad aflicen parsioas.ofhe liquid crystal

layegk%li bl gg% /H]ﬁbfépf)%g ?égl%}ﬁt%ﬂ%ﬂr(ﬁe%ﬁ%ns&l{ &ﬁl Irc?c%?ﬁtor ?11%) Wociated

upon a Ion ysta
softway, hbwpmxwﬂakﬁﬁdﬁsobmbunmmﬁwyhﬁem@mmhaﬂﬁs@gﬂmﬂaylme
essable in discrete portions of

el ectri aII r
prepr%gggmmg St e ot e B sl ﬁawgéleefm a
comPiteAREAELIP AN SuchTis dpeBYl-HurpbyesSdi@) or a general purpose chip that has

been configured for a specific use, or it may be provided by a digital signal. The software

th
rnaterla

may be incorporated into a digital signal processing unit embedded into a vision correcting
device that includes the apodization mask. The liquid crystal layer also may be configured or

programmed to generate a pattern that changes or modulates the amplitude, phase, or both of
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| ayer may be controllable by a conputerized device,
such as a processor and associ ated software, which may
wheoogapshd e of arbitrarily addressi-ng-Auk-i-pl-ePCEYRINY/G37544-- ~
in a preprogranmed or adaptable manner. The software
lightrmgnsméttqdethmgb titd pashnbiodhedyd of the pgimptfised wehdabiesk or a vision-
such as a speci al - purpose chip or a general
cotr gﬁ‘élcgﬁ}cﬁrﬂoﬁ%ﬂngﬁg n configured for a specific
use or it may be provided by a digital signal. The
[0069Pf t WBHEli TRY cilyStallite @i 6H A€ High s @ A2 D ingtyt 1R a Sdr@kIR! liquid crystal, a
processi ng unit enbedded into a vision correcting
twisgdicaatie hﬁ@ldlcﬂfﬁlta&c?e%}lpphémé‘fsé @P@&‘W bavidssistal, ?rrémqstmp diquid
I I e I
Ccrys énestrngetctéé Y sgtglglgélﬁﬁl r@gsttﬁ Lty ¢ St’lgeg rt;‘?p%ogl‘l [ s ?%ﬁ;ﬁgma%rlal. An
ahgrﬁﬁeﬁit ildyeel s, a tnhlaﬁlm waiichh Y hvagfdflegamlplb foahg Mak thededs hlﬁamulgm)
the mask into the e‘¥5€ of the patient fitted with t

nanqtgrs dhickyand eanstuced B wlﬂwﬂ%@ateﬁeb r s thin flg W@phed to the
surféé@%'f Suﬂs%églha-{@&ngib W @&k Yt Iv&hfﬁ%c@@d gtryktﬁihln'e Material. Prior to
ur es A- e a nematic IQUI crysta
assem\hiﬁ(bfeﬂe Elkentm-actlvlel afgmeht cthy gtim film as b;uffmlrmtom: ﬁtrecdlon (the alignment
[ , ol esteric id crystal
direct oot B St et qWhan s G ervfal dlFetiene Jpiontact
w1tthle buftﬂéa ﬁblﬁ?r}iéé @Meﬂ Eh% 1{@&@&@@51 m&acﬁkg ﬂr@f@a{mﬁ@m@ in YR plane of
exanpl e only, nay

the Subst@w htahar@ @bglrfainorﬂm émngm incwhigh thapiginTide bget \msmtrbbﬁd (ie.,
d ial,. T t fil i | i to th
paraflg) R UERCROEE Bl Al [ P BPblede el e

constiutdd o 6 phekoSdnyRiva Inmdtdieal NBkiel ivakn eXfiosed tot liheaﬁz pohtivedN light,
the el ectro-actjve elenent, the thin filmis buffed in
yieldsribe sameresplons Whetea bmﬁf@;iﬁlr@ﬁmeat legetiposed- with a cloth
such as velvet. Wien the liquid crystal nolecules cone
t
007D e B R R PG i L o it &
dyna:riim aperhstr dhe e]amtdoc&rrmgalmagﬂﬁadlsefml aheptitialg utmsplarelnnelectrodes 225

in the g et%ﬂetagﬁwf % 2%@% tmr? z‘ffré‘lfebr%ga%{lé%@twe‘wa 19‘H€ crystal

doped WA Qﬁﬂ:thrdl@)i% ]@l@&’tr&i% fR03h0 Ul el c@ﬁp@séﬂhﬁ{s%ﬂsdnhhl\éﬁ shaped
material, whi when exposed to“linearly polarized

eleclmct,dsﬁ 10,y32é)l, 6&0 tahé 34@inof r:@lgsﬂ tfevae ontmae alcbuddosdre p0551ble Each

clocfpd AR g hd ot s s cfrp e By MRy Beponegnric

relatdvctty AP LBlaRPHiS SR thd B8ctR)-8& Ve Rendnt RASad¥@Yn BLonBRfyE. The
as optically transparent el ectrodes 225 in the

intere¢leqitade cap friay deappiognatoly @, Limiie 1@ Lathytenaychs spealler. The inner

dlangé?ég%:f 8% tr%cile% 1'62¥ rpetheao te%ﬁrget%%%%élgétro%% @.?61 1s 2t ﬁﬁe ute];r diameter

ctrode’rin

of elSétV(&Teaﬁoaﬂfﬂ,l tarousdraldancted (chﬁléoﬂdes 3&1& 4 392ﬁ théS&Qer diagheter of
340. O course, fewer or pore el ectrodes are paossi bl e.

electrada 340 ig &3 r bereinner dipmptor ofirach ylegierconan detine amdifercahansyture size.

of the electrode rings may be concentric relative to a

[007ﬁ?p' 'Aﬁ‘%béc@&‘desm%n @"Jcﬂ@at@él ei?ta foﬁ%lﬂ\/%tl‘glll§a€ahc ifR1d is applied
aced in or on e eye. he inter-electrode gap may

betmen dpmlatiodated y gﬁ)unmeteotrad): nimobtage atwyehahestedldl erapplibdto the
electlrg(Pe? O if a condition is satisfied which places an electro-active material between the
electrode and the ground electrode in an activated state. An electrode may be "deactivated” if
a sufficiently strong electric field is not applied between the electrode and a ground electrode,

if voltage below a threshold is applied to the electrode, or if a condition is satisfied which
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di anmeter of electrode 310 is rl, the outer dianeter of
el ectrode 310 is r2, the outer dianeter of electrode
wWR2091875068, t he outer di aneter of -el-ectroede-33BCT/HSI049/037544-- ~
and the outer dianeter of electrode 340 is r5. The
placesareslcdioaantive matdriad hethveeh detaadederayd tefgramdalectrode in a
d |ff$ t aperture size. [0071] An el ectrode may be
cacltiypted § if a sufficiently strong electric field is
appl i ed betmeen the el ectrode and a ground el ectrode,

[0072] Voivhag € lighid\eystallid @sReiblis uSed Bl lic?ﬁ’d t9stallide material may be
|1 e

ectrode, or if a condition is sati d which pl aces

activafedey s onlaee Pwerﬁetb@ﬁh@ri opaprieeimatHe 18 velty isgapliethptween the
elec%r?cgegt%lg g;&?rt%d%géetfv%%g Jdlien a \Y e%&é M%B\%%Stﬁ#e?ﬁogid 8ﬁ?}fprox1mately 10

voltsisapplicdctetdn the ticelréles ST e @pP pbweek Used waha df hppromrnately 1
el ectrode and a ?round el ectrode, if, voltage bel ow
micopaisk shapld be poipfodeut that theelesfriccratenisl C%S]rbq’ by ayay of cxample only,

1vol‘§81nl%k§ 'S%Bck r R '16%&9?1"\1'8és099$s¢’e9€t§ v@E el ectro-active
mat er'al between the electrode and the ground
el ectrode in a deactivated state. [0072] Wien a liquid

[0073t y st'Ed teidnes paat@ copdunirgionsebli-stalhle liquidrwirscbtaihlyﬁsmatetihlrreay be used.
mat erial may he activ ted n vol t age. abo
A TR E LB ToN B FlarRiar yVag b rES pEES RO Supigauiih the
appltdaeo@be&értﬁgﬁ %o%ﬁ(vﬁﬁyoﬂbestﬁ@ B6ihb AL e A0dietata aN@IHeRBRr state
bel ow a threshold of approxrnatelﬁ 10 volts is applied
1

beinp atdgedivatcd stait)eEhg bidwable fiheid eryseal Q:mpfemlrremgela i the one stable
state un?tl Pt?ffgtmegf lf:(,ﬁrl?q w%r LS agplcécf) \gastwtltch Itﬁe Sh?alf)lle lo%uld Bvstalhne

pot ent’i
rnatfﬁtfal exteptier oably statd/ OT HusOéledteisd ,poﬁletr/ Q|dn$y @d‘edb@ﬁossvvlﬂdﬁ from one
volts or less, or over 10 volts. [0073] .To red

stateg@ g OtBefRadrigt faoismak e sédtapihe biss iedhqw@/ SHE ltnﬁ énaterlal may
sw1t5't?{oea[ ﬁl%t St%)(’vﬂ%ﬁ A4S & qltg o%téfs%?éﬁec#ﬁ%b& thE ¥ Et%(llés Gd may switch
rial may switch between o t wo stab e states
toa mcbhd sthee valpml -5 vatts onlesd is @appladdrbetatenpbevelectfades NODewirse other
state bﬁ activat ed tate and the other state
VO“%@ﬁ&@ﬂh1@@%&@5J3W@dm§ﬂ§§% ¢ The bi-stable |iquid
crystalline naterial remains in the one stable state

[007‘42t i 1rentibddsend, Bloesio, 'aﬁ§|34@Mcﬁbz&e@%'dpﬁ&heté?mﬁlﬁﬂsqu‘ may be
bi -stable Iiquid crystaII|ne material to the ot her

formstl digtvecen tr b ped rfmtdsapeeu@c%ﬂrmalbepf@m@d hotwenm tye n@é@reqf the
tch,fr t and no
elect%g\aeg an%i 1r]t (ﬂn elﬁ (% ﬁ@ tl% %?aghyaﬁacg |ﬂ(1]e ocp )gge aI”IH} tlu Wlll I%OW Bea forrned
bethéBﬂ b hlidroter ¢ oldtrogs N EaSand 2p¥dlrt 260 wmw HeSormed
plied between the el ectrodes and nay switch to

bet“@é@ Hrarentenpbthgielagtrodes\agdithe igpen ctz%l@etpeofaeé?ﬂtmél 3%%t %@éﬁ‘r‘rtrodes
310 tSB@ 3@(5 %ﬁ& @Q@ Gre- de%tlx%ge]lﬂlr ﬁl%feo\%@ﬁf 1}/ O&Jalaﬂg §nnugt%t ?73()%8 Qtﬁérture 260

are possi ectro
will aa&,beEBMecﬂfedwé’eﬂcﬁha bmtaodf tvatlectrodan aedq Uth caupbitiling Snad Ak
f or ned bet enr @nd r5 and %26 Lure 260 wi |l
Pelst

.y g;

incresisce by e deretivRiEn rréméeﬁt tha cledeods gielscieslg 3P, and

finally T;l@&t?&ferﬁ@e Tae r%%é Wgtb'e\ﬁ% 188ked %r&%ﬂb‘zﬁm%@é&ﬂéﬁe 340, then
w [ now be forned en the 1 nnér dianete

eleceddeciilo then 3R0tradd3 3% aach tinadheelearode 260. Whid, anshwwrein Figure 3A,

therec fre rg‘:"pdossible aperture stops. However, fewer or more aperture stops are possible. As

in a camera, each aperture stop may provide an aperture having twice the area of the next

smallest aperture size. In other words, there may be a square root of two relationship

between the inner diameters of each electrode. Of course, other aperture sizes are possible.

When fully constricted, the aperture diameter may be between approximately 1.0 mm and
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bet ween the center of the el ectrodes and the inner
di aneter of electrode 320. If el ectrodes 310, 320, 330,

W@ e34Boar e deacti vated, there wii-l--be. ro-opaRLBUS2009/037544-- -
annul us 270 and aperture 260 will now be forned

approeimveeein 3ttheng end sy pfeftiablydicdetwadeppamenatbly [Tham and

ert be.increa first deactivati
g Bt B WO BrCetry ey S5 3e i ha A uoatiH gd Qg and
approRighdtdipald vinel wath RAE HrRd, tap @dﬁﬁré H%%téﬁﬂa;b& approx1rnately 7.0
decreased by first actlvatlng electrode 340,
mm @t BEgaro étesqzm@cortﬁlgmtlems tharo ey d2mo agerdure i(hed ﬂhyre ls no annulus such
| ect there are
thac BeFELU RS sp B B P BpERT AR e i iy Sl B
aperture stops are possible. As in a canera, each
[007ape r tTl[eGOLﬁér(HdgHaflthla raﬁmhldemaga cReed further thav iﬂmodtw ezige bhthe pupil
xt smal | est aperture size. In oth

of
(whelherglly fi}#@% OWSWS’@%{) sHubsTs Iy & Rtwesnoh epige P@ﬂ@sq{ ithe annulus
t I,
o SRS B0 ALOTRYR Sval A0 ARABIR A of g
onlyc baisg, light edtterirtye amprdtiction idicantedse senmlyfltpe bet ween
approximately 1.0 nnlandapproxinately 3.0 mMmm and nay

[007§Lef géa[aﬁ_lg%f be 1%%@ ﬁ,,%{ﬁggﬁ]gyﬁﬁra(étlﬁ?%%/ a@pgodﬁlvaﬁgryaqglée same time for

an 1@%%@&58&%@%% hertue. OTOPR0ANEE ARAMh ARY BhitefRcPwhIth

Wien fully dilated, the aperture dianeter may be
gradg@l,bsr rlepatangl gniarggs &m dymamag apsrture, pachorfghe clectrode rings may be
actwa?el?i ang,go% %{ﬁlc 1vafedts%qel{eﬁ %tmi}y Pbor exarn?lpe te%ﬁ engloséc ele’ctrtocri]ee ﬁré%rnay be

actntami fivat didalcaapatdduts and ﬂledﬁﬁémst dlédtioda Ying @my&j&ta‘etwated last and
007 5%$The out er edge of the annul us may extend

deaciyjpied drsty Thp clepidodss ey bedigEveed phdeagtiyated inipsstthagy approximately 1
I [
secopth gty RS L R Salelth Ay RSl oy d8asety 0.5
sccoadge of the pupil deleterious effects may occur such
as by way of exanple only, halos i ght scattering,

o0 R0 B e GBSk e G

arraﬁé%ﬁ iSaERidt E4m dQiroad nda?%% ARG RIS HRANARe ERctkdR:s in this case
aperture. To produce a fading in and out effect which

maydeaefigatd yo ase @m@iﬁdﬁh dlferpizel geay hd@YM@hShaIEp iyt sgrastively
cLiode e act
elec%cafgsf actlvfflgrag dis cgeag %nlg Ithe 1%&%1"%}/6 aé)ﬁ,p}lre j6t6he80u url}lsrr%'é ()t may be
forndectrode ring may be actlvated first and deacti vated
Iast and the innernost electrode ring nmay be activated
| ast and deactivated first. The el ectrodes may

0078+ i \arecioto | ofdhe prparadeoirdgsaByy bapifil %tﬁ%%%@ﬁam%mns of the
1 i 8o Ah AR sAR H2R8! FYAt&RB

e . o o S B B eI o By DB S A 80 and

3C sbbecknmodles oﬁﬁi&ilm# cletradgs! WoatianplafFiguene ?/Bdilnabvlsyt configuration

. ddr essabl ctro ed in a r|d .

in wiicBerio e ff—‘ﬁ Getndgr oD, 4.9 305 Gpinncy Fral bk g gidlated. In

somb @oﬂf’fgu%atf‘o%§ echér@])éct@@derrﬁf rrﬁﬁfdoeta‘%tl%ﬁed 91l d%akﬁ‘@a%’d ds rinR%o provide

pi xel” may be any size or shape. By selectively

an annulus of desired size, pixels in the inner region may be activated or deactivated to

provide an aperture of desired shape and/or size. As another example, Figure 3C shows a

configuration in which only the inner region 301 is pixilated, and the electrode rings 310,

320, 330, 340 are not. By selectively activating or deactivating the pixels, an arbitrary shape

and size may be provided for the annulus and aperture. As a specific example, by selectively
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electrically activating or deactivating the pixels the

aperture 260 and annulus 270 may be fornmed. [0078]
w@oe/10150@l | of the annul ar el ect rodes--nay -be -PCT/US2009/037544 -~ ~

pi xi | ated, or various portions of the el ectrode rings,
activanng ondcacpeatingdhe steded pixblsrﬁ@ﬁ i Agzuth @D ,emfoughaly -dyel aperture may be

ted..Fi 3 sh
fornfi THE SR O F SAET PRG FoATNBHE « e ag BHSEshogrtad sies may
be f&%ﬁ'@%@@%ﬁﬂte' sBlowd:£He ]ﬁ%lﬁ" it thE 1&46?%‘&%&&@1@@6@&%& rings. As

40 and an inner region 3 are pixilated
descrifeds mﬂb@rﬁqtagbhmmom@eqﬁ@elpelrt@r@tand/@e aptiugsmipabe gefined to match
0 ctlvated as rin
o w i BEE B Sle SRFN L PUEE ueh EO el B APl o eve
may be activated or deactivated to provide an aperture

[0079] defsirfegéimpRageindivddiol’s sulzgectivAsatistadtivarwiexpgipdiesd image quality
gure 3C shows a confi g[uratl on.in which only the
maymﬁ@prtw@@ maisn Beprimage guglity iy waximizrg queea vede ﬁraéér%um range.

ASU%?‘?Q&\G’%@QMHV%&Q‘CM Aa%&fd%ﬁg?a ?S By selectively activating

ting the pixe an arbitrary shape and
size may be provided for the annulus and aperture. As

a specific exang é’ﬁl vating or
deacti vati ng thedggha J (ch?j;L (EA :21%’I Figure 3D, a
roughly ovaI aperture rmy be formed. The speC|f| c set

g | | ! at «
Sucly ?ﬁfuncfel O1] 1 egclzrgoees n %uﬂ erH orlms y@gg%érroag iy e upery, An Optical

Merﬁ"&:luﬁetﬁdtﬁ(@(}ﬂ) V\Qhéiﬁ‘Cﬁrrélﬁlteﬁ hethi Subctivedidgmeand’ BiotddieSci. and Eng.,
el ect rode e& As described in further detajl

V. 1l W2 & 23’215 flt basdisen faung tha dhcopesifisizggnsraljansef an aperture to
plrov‘ij(f‘éc de@ﬁgolg ?ﬂ@%&%@u@a%ﬁ% cotivd 1§iofnlr§ e@@?emﬁ#@ﬂ%mﬁﬁmmg the

optim ze tlontrans nctiron o
merif GiZ8pn FRQF)ebaapdrecomputativti ofi ahdslal persorrjaacd meeic, such as visual

atisfactio ive al i e :
strehi #d P OVEHORR Huﬁlt%%? n%‘tf gﬂu:léltﬂ(?% Inéayﬁ%f)@eﬁeéfrgga/w%g ray tracing of a
specifRVeyetRoddl. dsﬁécﬁ?@&aﬁ%blés%f Ql?odeﬁ 3%551@ %f ffé:‘rfd}Hﬂg '@h)ése calculations

factor may be defi ne
inclfdgribe i‘lodiang Egesmpildedd ithe ElurBrhmranobevt: mddel 13 lmomn in the art.
Granger and K. N. Cupery, "An Optical Merif Function

[OOS&E %gure élg scl‘?o%gm%%gl%d% croi%se(c%;?ggl If\éi%éfl] Ud n%_lg’c‘s%)acﬁiYe
clenftas4dreivifoudghabiabpdriiec. SpigGiclAB stowa e c@ﬂldp@ﬁ@ﬁ%s—@éctﬂ)ﬂal side
aperture to provide desirable inprovenents in

Vle“s«?ﬁd}l@ elertyeractig ddemeni pf FigusetAr Hirpidy twlerﬁlwtli@r%ﬂﬁg cheppent 200,
elecgga{c#&e LARGEH A0b ihS s QRS o%%cglrkuﬁﬁﬁ%e Z? %Qoﬁﬂmﬁ)u\é EH@a!lly

or nence netric, such
transfpafwlt tloctra@fe 220phdt psdvddes fSriahelacteied] Gubuadirogy bﬂidﬂsﬁﬁ@ed on one of the

erfornmed using . r raci of a specific eye
Subs%ﬁ@é PRY eNGYARPICA] lwﬁiuﬁ@sa@f@e%ﬁhl? b ?lb’élianﬂé"i“f“é nﬁ*fﬁﬁ@des 225 may
be d¥sE§§ﬁ o%%&é@c@ﬁdl QARerhdac @’e{i@m&&%%'rﬁ%’ @&@m@(@ethe %Pcf&hlé%rb‘i*the
Liu Brennan eye node known “in the art
dyndrnig apertuidsethowshasize xpimeded]/or dssetsssaifitibndynagiiceporivesy The

eGP AL e o PR 400 R0 AR e
haveSdrdignment direction offset 90 degrees from each other, but other values such as 180,
270, 360 degrees or more are possible. An electroactive material 240 is disposed between the
alignment layers. The electro-active material may be a liquid crystalline material, preferably
one of a nematic, cholesteric, or smectic bi-stable liquid crystalline material. The liquid
crystalline material may be doped with a dichroic dye and become a dichroic liquid
crystalline material. A controller 250 connects to the electrodes 220 and 225 by electrical
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view of the electro-active elenment of Figure 4A
Simlar to the electro-active el enment 200,
web@otntsect i ve el ement 400 i ncl udes-twe., epti-caPCT/US2009/037544-- -
substrates 210. A continuous optically transparent
conrekeatsrXdden 20caphblt of gonarades dnalecanc Btld betweasalthgeleardes. The

el e & DR a 7 &AR AR L P BRIRaT High B ep ai on anmuls

270 & ®Bich ¥dRSis %gsﬁ)rﬂﬁﬁ’atﬂ%r@ba?t&?&? Are14dMe-28¢O B ment 400 may further
substrate. El ectrodes 225 may determ ne the properties

inclugke twheotiyizayi280 @péltlonﬂdeom@&ﬁr side phéicsieztro- aghﬁp@aterlal (e.g.,

and iane S dynam
oxtefifflofthe SRS iR nolibfel PR S APBRH Btk Suter syrfassof the
substradee (the 3R ctrddis asd logae® i tﬂeanﬁdrﬁlobtaswefawofahe giib¥eates). Each of the
direction offset 90 degrees from each ot her, but other

polajiagraayydyrna d5cdpo, of pebrizaem rieled ixthe dirggiprothe liquid crystal

layeﬁgtstﬁélplreg{)%@@g F)l{l%ir:l %ml[;gat%‘é% ngpdﬁ%ﬂOQil ?%rntl)e%g gftrec‘o\?%ﬁ%‘fl the closest

alignmdre ddyal). My potaractsihgue d:lall’vyf?dﬁlabﬂldﬂﬁ @f palagivati, offset by, for
preferably one of a nenmatic, choleterlc ct

exargple SH0-4neEcep; ga?laoféwg?lamrﬁ@amé?fggﬁ tordte crqsaqrs]f aoiaﬂzers
crystalline material may be doped with a dichroic dye

[00831d  DRGAIER Ry a8l A0 vhdni tHYEIE c16iE YRl EbdtivE&h t‘l’i@tefeﬁrédles 1ﬁlot strong
controll er 250 connects to the el ectrodes 220 and

enougy, ‘élle@bgnmelallm@rmt dreslize®r ahtheilglughpaghldaydr to allgn Wlth the

ener an el ect field, bet n.the
polafEdS i Bits? SuficGE fn BivearEr RGeS M B P nBERer . . tighe
that tsmowgzlad Whtadbl thitehpol DRSS6H dABEi AT f A iHstiSol2rl£er) i réicd Do
degrémgnbt.hl s absorbed and/or scattered. The el ectro-active

lignid qﬁwalfaad cierow passybeughicperend nodargepgoe., the light is

nowﬁ)gfa{ntz Lg Pﬁ?ll&l% % t%er}z%lg?r? fh?&ttllt'?tel%g ?Ae%st%%&rgf e@%cféﬁzvf:ﬁ Therefore, in a

deacpiohtad saey the Ay rglommhight heatohdhosictthraaive etensant fsaﬁﬁﬁi’nlzed In
of the substrates (the electrodes are |ocated on th

an agtypagsdrtate. vhensthe @e%ﬁfwtﬁﬁ@ Refipyeqny e élé’)?tm‘i?ééﬁswlgt@lﬁ@ugh the liquid
s RO BB B R R LR B
aligrathertt Idarmtiome §p ¢us duentatinng tigstumfamgsh firsepolapzaral. ¢. elight ¢hat is

t.he aI| t direction of. the. closes nnent )
polafifl i fheh FFTER ool £S5 threliad PERS (Y Eolran sy B doigted and i
blocE&i 5 th%%édi‘lﬂ ﬁéiafrﬁ&t ihy, thé ﬁght%( oMt Sad SHthodBeH] %@ale petiRation
f set polarlzers may be referred to as crossed

dlrecpi@lnawf |t1mase§0nc{ mquer)l nlherefersc in anactivlatsd stets, thevalesertion of light
thou hgh ANe el FIS Weezg the el ectrodes is not strong

& ue hq (H‘l%’ 4 nﬁ Kent Tiayers orient the director of

t he Ilqwd crystal | ayer to align wwth the polarizers

[0082] t MEheadlé@FodS Wihbasisn 1hrF1thb§3A)rD ﬁfaty@b ue¢tul 4d @ptically transparent
entering the first polarizer (i %ht that is

elecfﬁ%@é@ﬁéé@tlﬁéﬂﬁrméctlv%elﬁ%nwoaﬁ%@bw%nf peteades dH0gR0, 330, and
340 Q%c 1{72{‘[5’& yO??Jg%r dnﬁgf 2'7§ wﬁ@%@'f@rgleg%e%ﬁ??ﬁn(p% M?l &)erture 260

iquid cr can now pass throug e secon
will polf@mcAddrtwden tiee centdief Hiegiidctiodesvou mhollbelectede 3a0 & doattivated,

to the | ari.zation.direction of .the second
the Gy sy WikpopeoioEmed ety oey B inRE AR sloctiade 320 and rS
and %&E@%(P&hlpﬁow b8 RrndeB MR N e BB O F FrR- e"l’&h‘o&@s SldeRE RMner

is mnimzed. In an activated state, when the electric

dianfetaslod clvetrofketR0; HE cletteartes 353205330 podh @%amudgmtmat@é there will be

no o%ﬁtﬂl%l agmulus 270 and aperture 260 will now be formed between the center of the

electrodes and r5.
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crystal nolecules align with the orientation of the
electric field, perpendicular to the alignnment

wa@leeatisen. In this orientation, |i-ght--ent-eri-nBCT/H82009/037544-- ~
first polarizer (i.e., light that is polarized

[00834r al Ot dinebadketopwingrpokatzimgnfildisrmegt bothaothey hypidally :absorb

olari,z [ n a nd i bl oc the
aorRerais Spaqrind8en: fiRbe TR e R el g et SR ey s R Sgee
would @R Bdrh@dl bPNgktithRGEdcABs M rdthe. %%Hﬂte%é{ @ﬁd @f?erc) -a region
Therefore, in an actlvated state the absorption of

conqen@'mwmth@ ghnalieclpdtepdesimey Ps physi¢adlyrempridzisem onoogbyth of the
ctrode rin shown i e .
polafj @ o RE i eBi el i B8E ATir 8 s Bt ™ BRfigd eqpisaration
is eqbE®ithOmact div@cel 6Mho tsmé:@&t riAS cRBYE:. By reedddedg Bthe®ntral region,
310, 320, 330, and 340 are activated, ﬁaque annul us
one leow nalarigsrsiagyRiutsd tvhalerngreasingnidic pxera drapyaission ghrowdh the

elec‘e% l:tlx%% el%rﬁ&ﬂe ¢ pd %ﬁ?gh{%ﬂf‘)n G Qhﬁlrctl&gahtt? &f t%h %9%%gggd§ermre 1S not

el ectro eact I vat ed
affec&ématid.me\mll framyenissive ik dron@ded eAd\diﬁﬁnetllyethenfaﬁBmdislaﬁebmast ratio
of . el ectrode 320 and,r5 and aperture 260 will now b

(the ragionRevesdy bt Hansratted Hreyehdhe ppratuss and hgly danspiged Hgough the
anndlﬁkg %%tv@eﬁ@i?é ertﬁf'e £1186L 580853 Qrcréage@ﬁl%Bgm%ﬁﬁlggtﬂQ dynamic

are deactivated, there no
apero]maqm)ee a‘iﬁlnwhtjm m@@dmgdiemheaftﬁﬁcb 26@advwf tlemogwgbe fagmm the region

may AP oo e BBISt ST PO e o e Cfnrobse

trandnYiRi&R| thtcRPERE I APRTRRHa A& 1ﬁ|tb{e BAUNAfingREk ISR thd GPAkue state. In

Therefore, utilizing such films in an actual device
cachygfiihese cpnfiguratines atve (ransreissipn gonttrastiatio betashe ghetdagkened area of the
Jo counteract thi ff a region concentric
annulust Ehn% ahreglorqr?gl arapeﬁe%:et ot d@esl%creggcbe physically renoved
fromone or both of the polarizers. The regi on renoved
[0084Ry bieisorirtaally isipossible te hayean ibiplantdt cripgaéfrédy, esineal onlay, 100,
configuration is to the inner dianmeter of the

or 1QLperfEdly qep%edew%%&\e@@acalegﬂwé RASYSgbcRISS the s igpsymmetric in
norrhdt Qhaam@%f%ﬁramﬁ el"lfé%@gt'd%ﬁfe%l iof %It; Y ﬁH%l\Ml‘ﬂ i Gligned with the

I ncreasing the overall transm ssion throug
centeil exis O thaqupiteNetegtireless, approkimagely Onif inguerdl2 om dedeetration of the

nctionalit p ure i.s not affect

cye VG et oo BHOHEET B Bt e Ratidatiet R tneBhagriyS tnatomical
circhi@adde@nsm ssi on contrast ratio (the ratio between

light transmtted through the aperture and |i ght

transm tted through the annul us) between the aperture
[0085hd tIFeursrinibiows seerilneiengenents ¢icheplpctiedei tigsshewn in Figure 3A in
Whlg?%’tg?g]eoqlﬁgg rﬂg ?frﬁoc{ %gl\%lfc; a %pﬁjr%tmiéy bg{e%X ﬁ&{]e% rgﬁp %Qto tfhe
georh&8it eattele’ cm@mpopﬂa dA@fan@erﬁé'ﬂt ANless th géc@ﬁﬁn@ééﬂt@rlcﬁflﬁﬁe rlng

1 Eol arizing filmused to increase transm ssion, thereby

clec

edesplispedouith Hierpgamstricrrepissof thy slssirpartiye demen'sgybytraics.
Arra'h?&n&ﬁ?ﬁue Et MEE hh% t‘ﬁ@ggoﬁét U&@Iﬁ@r &fotﬂge hgg %E‘:ﬂr@ ’ahgltﬂe% to the

ansm s&i on’ contr ast 1o between t ene
left, m thbhrgharahu%u andbdow, respictinelgf with ¢heggrentetricecantey obthe electro-
actlve (fern?g}lsf's substrates. Arrangements A, B, C, D, and E may each be utilized in a
separate electro-active element. Figure 6 shows a stack of five electro-active elements that
may cach be used for the different arrangements of ring electrodes shown in Figure 5. Each
electro-active element is properly insulated from the other electro-active elements. The

distance between the geometric center of the ring electrodes and the geometric center of the
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[0084] It is virtually inpossible to have an inplanted
corneal inlay, corneal onlay, 100, or ICL perfectly
w@eewatsto Wit h the optical axis of--t-he-eye, —-beRPCUER2009¢37544-- ~
eye is asymetric in normal anatom c configuration.
subsTihees magtbedesiseadpposinately (of manandgpipactimaglyal imgmedid more

h t e central f the rtheI
pref&iybly SeFret aPyromim L) e SHT R AERLE b o PRy aoted
that b@leAhlighendn® dtRRy 6&/NE %tw%n EH%Qw%%%nt%rsm#@Fessmt THS may allow for
antici pated even under nornmal anatom ca

the abiility qu@@me{r@@g@] dypa@lm @eﬁumaggﬁ/r@n@te adjustment after an

ar r.angenent s. rode
oo T G BT G ieE CORT B i S s MR rGpS PG cthroaes
may R¥cheatéEpaht Emm(sh sethabihéLartréhgehen0 @8Rl fh theGRRLHS the
of one's pupil. Arrangenent A has the geonetric center

dynagpic ppertyre ﬁféatereée tiolinesofaighy abthewsemh Tihweis gopprsant i cases where an
1mpl%\§tpg%sé Sél%célgﬂgﬁ)ll%%%@ut%‘f fi ave ]éle gré% Unigsf[éllité%tf?gen ser. Certain
retinaf dibdwed omgruelasuthi adés valyi dresmple otnlye nlagfilar dég@néﬂaeon retmal

right, and be| ow, respectively, with th
tearsy @b SR PR e rop deraehbAE RGN GHpgIgmay also be uscful

for réél%%h{zgat%g $ine @f i W%s%r @Wa 01(& chm 9 mf tﬁ@‘?éﬂmg % a
dinas parate eIectro actlve el e Figure
healthyghgies ofthstreteda. of fi ve el ectro-active elenents t hat
nay each be used for the different arrangenents of

oosg} 00, PR SRS Sue YR U Ed BT B ERCDEhBRAL RSt iR
enha@dké€ @é}ft@ o8fEId\E iR SREader td helude BleanpactRFiofesss §the light rays in
geonetric center of the rlng el ectrodes and the
¢

creage hley and etberrdyuabprtifasissmg be sensiderasppeiairessreaiithe spatial
d I
rnodgl%eplg )rég E?ﬁte%ye{l\%é 21}1413586%%0 XI??Y%trbe Fﬁ ?%}ng t¥at %d&qglbnﬁ%ugplge%eﬁts may

achieyaydrbexisimgt (ﬂh@t tOps dﬁfﬁodhtat(&hOEd)Idexiaﬁlpm)ﬁteda}t wedesohbieto define
alig nnentf at any %je between the two centers are

othep BOPFIHICE O aihmert#&‘ym Aigipnte thersirs aggishaneyto PEPVALS e?eserﬁ@ visual

effe&eﬁltcﬁ s Rr o é'i erpéépémlgua@%f& ur(ﬁlek%a V}@ﬁoﬁlfrg do l@es the use of an
adj ustnent after an i1 nplant has en surgica

apodirgpioamiashl to A tior phmse endgdr driygitada mgntremtbsng)ﬂle reiyeg
el ectrodes may be activated to t he exclusion of the

er.arr nt. t re al i
1008 o EohBRRFTRE i it ol 127 pERE g Blghl aingipiguaty
addré$s@ble eTéatrﬁdéssarﬂaﬁg@Hﬁlehrgnd theCiagi® fludhikels athy  UARERBliveMASctivated or
sur gi cal nﬁsanted out of alignnment with the |ine of
deaOéquuqd Bor W@p évch Cnfighration mayalloy foredecstion of thggeemetric
cent3r q‘iq ?p %}{e YR, an(afan 1{1%@{7@ I {1 werto % oﬁlretrgc d&%{%? roﬂheosubstlrates or
re ears or re achme
the dyegipapilof the retina. This al so nay also be useful for
realigning the |line of sight of the user away froma

d th t t heal t h
10088 i iy Honptedel guiss e AR apLry R T BEBER
apocﬁ?étfonq’lflask he d{:%ﬁh%d it &R cd QeFlg%?QC RHBPD mlc%r}ﬁé}n&estatlc or

dept h fie he eye, to reducé the I rpact
dynagfiic oflrf SQIDI@ sorgigueayiohs, gt strugyuse described with respect to Figures 2C-2D may

provided in addition to the other structures described. For example, the devices may include
an additional layer, such as of a transparent polymer, that incorporates a refractive index
gradient, or it may include an additional electroactive element 2200 in addition to the other
elements described, or incorporated with the other elements as would be understood by one

of skill in the art. As another example, the devices may include an layer that has an alterable
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creating hal os and other visual artifacts may be
consi dered special cases of the spatial nodul ati on of

WO p@htt1sme eri ng the cornea. It has -been. found -PEEUS2009/037544-- ~
addi ti onal visual benefits may achi eved by using ot her

indek yofﬁ egraofiomptioh eltctrisallyFartiveted pladaydrtincayorbgngleBiwid ot ystal that

i ne ot her erties.of. an a erture in i tion
alter s fefeacty o B GG S5 Guiodo AT tnedihSen B Sielpo may be
prov%‘ciefdetﬁrtone%# Glbra st fie 'la}%rgde\é@ﬂibe%laﬁlﬂpfesfléo‘ﬁ WAFighR§kSz. Kd@xample, a
way Of doing so involves the use of an apodlzatlon

substfaf@kZ 1005%] mey provedephdaie crhamicangski suslias by indlghing a refractive
e eye. [00 I n. confjgurations in which
inde§ Bihiord B & NGNS ind QPR Gtk O sREREH RGBSR 0. BTy

addressabl e el ectrodes arranged in a grid, the
[0089ndi Viridiwabhmplitiat saritipnbeaysiel iagbducet By alsi&fgwat:ﬁ@bti@é index gradient
deacti vated. For exanple, such a configuratjan
acrogy the RUpIAry e ERISt N Fapyes f arigimiadhs epticahpath dkffer%‘é without
e n r
e S e B T Ear G e EP Ep Y Bl PERIRYfoss he
pupﬂﬂhngl agpestincad an lapedizatmheadaskns kifguoties of fhe Rip;l radids B4 refractive

. al i nclude an a |zatio sk.as described w th
indef of et Pohe e s R A Sl (s by Be st gr g bdee
georﬂé’tﬂa{@% sindle §Pﬁfﬁ1b¢é3 GE]%&H[I%Ian\KJ%thérHEe HlaSGIHERlar or annular). The
described W th respect to Figures 2C 2D may provi ded
mask magddistatioor tpnantie. At dymamag mad«t wrdris@blsdwi dppticatioorof an
exanpl e devi ces ncl ude an additional |ayer,
exmgﬁﬁﬁagék@#ggmépghgﬁg¥gq¥n%8?§ﬂ% that incorporates a
refractive index gradient, or it may include an

[0098(Idi t A dpAdmelretk heacid supetdrataitatid 200k imthaclsy the @ﬁ*gét@hstance and
the other el enents described, or incorporated with the

illurgippfign canditions shageibe PGt ditdiecharss i admé these dianggs in the
envitdh elﬁ? Rdrex é@leaﬁl%t %@ﬁﬁt%%gﬁh ﬁf}%tﬁ e gcfyﬁy bf:ﬁ?a&?%modated eye (or

| nc ude an as an alterablerndex o
partllaﬂf? naimmedardderycefoe a prasbpdile) vesting ahedt obmct @aﬂgatydéstance about 40

cm) P@f (f Etpgrt%%@% qWé% QlL i UI?.F%% gg ﬁi&éﬁa&%&x@rﬁg& ate Aﬁhen viewing an

obj e@tpé% ‘ib zf@ét loPBrdRS. klﬂéﬁcﬂ?ryth@ ﬁelﬂﬁ BY fHEHaY120R 0 Be eg?@ WAl depend
he layers described wth respect to Figures 2-7.

on t@wp@&ﬁmloe comcgwbgroatde @1 pBROL, ang tfmefvrectbe dessgraofi the

cynig SRR U BRP IR s W o O it TR e pat he
patlén@i§2§lf%bd§aﬁ'eatﬁr%o 8Pis J3Nas® radtd thudgitivakd Bleirik MAYpefrred method
i ntroduced by using a refractive index gradient across

of fabHeating dynamyc mgel may évoharthe uspsefx teanyparenttliconl ¢ristaHayer
herrrge?lfcﬁl?e%ncgswgd Bét&f gﬂ’]&&o %&spgrléﬁt s% ét?%f hg)ghltell%%l p%iéf efrs,

ere are severa

syntéie@tdo B€ biesSmpiteblP i dalay eﬁﬂecmmam @heﬂtﬁtlalpoﬁﬂhz diguidrerystal
mask as a function of the pupil radius. r

layer By prdicpen Shidesiowsi (i Chuthchity rqfr?étlmnéﬁ%}e&e Brdylggon of

R LEAR ﬁﬁlea&’ﬁfa Emalll 93 BL PRI R t-host
Oplge onet rym? sPﬁg e or gouéﬁ%, JX%E an4%n efher
hqutkirwysmﬂskstem ml iwlgich a cloctravhrrhiardye isTineonpaskednato ab@ansparent liquid

static or dynam c. A dynami c mask is adjustable by

CIYS&pplication of an
[0091] To diagnose and fit a patient with a dynamic mask, two measurements may be
performed: a measurement of the size of the natural pupil as a function of ambient light level,
and a measurement of the emerging wavefront of the eye fitted with the mask. A phase and

amplitude profile of the mask suited to provide a desired retinal image quality (possibly
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externally applied force such as an electric

potential. [0090] A dynam c mask nay be superior to a
war@vit7smask in that as the target--distarce-anBCT/US2009/037544-- ~

illum nation conditions change, the optics of the eye
excephag de®cts) nagaptgehéresd fchﬁstgﬂ@ vision hecrenmangoefmariient Fght levels.

exa t he erratio e focu of an )
For BTt agalieBsy fidacra (e EoiaSeahingy &5e pghdygarmic
aperRir€ SRYAR fay \be @Mt &1k d30 ARAcaR BF BCINCSREOEE tp@ﬂl@ﬂt AMEE dynamic mask

about 40 cn) are different for those of the sane eye
mayjbg pregrammed do nreoiiet thel apnrapate pereeetion dasodgnghe plmse/@mpatude

0 feet or greate t he ep
protf BBl Thydoh PR LSS Fos PSR Ry LG R ety or
partiay irRetiveoin RIghy betesortifzht beothét diBtionsan Qi/hﬁdlﬁheh@tﬁﬁll bh@l closes,
desi of the dynamc mask will conplenent the t
whi g’oﬁﬁévcedhe eHectivergss Af Berpaskt bpasqef p awask ﬁﬁ‘fapﬁlﬂéted in an 100,

IOL p%ghfa‘i‘ E)nrllé}?%laét ee%?réé% Eﬁqf&é 511‘%18 Pgr I egk gl%k’ Mg dﬁ‘xﬁ)#éiﬂ%&?ﬂﬁ(ﬁ th Berforrmng

the dpphopriaat megurnctyitsanid ®r rgasérammgythe phaciaeplinelcysefilofforathe treated
transparent liquid crystal |layer hernetically
CY¥C-encapsul at ed between two transparent sheets of
flexible acrylic polyners, synthesized to be
[009@!1 OC OAR @fcbird-Betive élé}né}ﬁ %a@r beed%wl@ BffﬁWtchu% B&&}Eé}{ 4 ARt Bhtical
liquid crystal layer by application of an electric
powei agidch @h@m’gmtlcalt ppweef e tlevieo-aitienclerméns nrychaiva thicoirsiodptical

optical n1ss a nam sk may be .
powBIE 1 (feg egf ST A a rﬁa%q tﬁ% s%coaa 85? q‘i 88‘{%5 1|ncﬁt} aatlvated state. The
elec@b W&t eléﬁd@ﬂt@ﬂiﬁy Bdln%e@d?h@fbd%ka@@‘évh@@ BfiO& oW lthSes applied to the
incorporated into a transparent liquid crystal. 81

00
clectredegioh gieodectiamstive elemeptare balovwi first predgtammined fhaetaold;
elecﬁrg %gtw J?ﬂ rﬁl%ybGQﬁ af} %Eﬁfﬁé?&ate f@v&l%gt%ﬁ% éreéﬁgpetav (ftlfaé%gtqa%plied to the
elecird)(galstof trewddctroadutiva el?fﬁﬁﬁt.la[re aBoNe axfecbﬂidi‘ptedﬁél@hlﬂgi threshold.

wavefront of the eye fitted with the nas A phase and
Altegpgvely uile clseipiardvotlemey marshe @orklegf tt&}n‘ﬁgoW’ a%tl% power such
that Sélé'c% a{cﬁ% {neh{‘i@ggpa%%fiﬂréfwgﬁg%sdoghﬂﬁﬁ eﬁis'uﬂgantlally

ef ocus) e generated f tance vi sion over a

contrmange opﬁcea @bwend;halngghfttwleetv‘éiesﬁrstl-'apxtlcdmmt end thheecond optical

spatial frequency of a peak in the OIF of the conbined

gge and dynam c aperture system may be matched to the

peak of the NCSF of the patient. The dynam c mask may

[0098¢ Progéteii@ictinstE fMl B8 ubdieo RBREQTDF @S emnaPétiodonventional
based on the phase/anp I|tudeg$roflle when perform ng

crrossteg thagyenddl cotredtian mayshascrested biefharphtcaro-ackse ﬂlﬁ@l@ntnhy the optical
(i ght outdoor
subsfc il i ORE by X DRSS et a3 o1 poni
closes whi ch could reduce the effectiveness of the
[0094hs k. Ohdocase obdctra-atask clemeats haliap ediyhﬁtnﬂ:rap}.ﬂﬁr,e ah@lor a dynamic

cor nea y or cor eal .onlay, the dynam c. mask may
rnaslb glaplﬁ)ﬁagﬁ{l@a t(lb Py gp § g @1,1 9{&10@}[{&&%@7 %Rﬂ,q, g @Jbstrate that does
not ﬂgﬁ%&l{{r QEFRAL S i AP B e ?ﬁg@&@to? Btrd g RAHELAIPLE th¥d6e and thus

profile for the tre eye.
does not provide focusing power. The electro-active element may be attached to or

embedded within an ophthalmic lens that corrects for the user's refractive error caused by
natural anatomical conditions and/or caused by the removal of a cataract or healthy
crystalline lens. The ophthalmic lens may also correct any or all of the user's conventional
and/or non-conventional errors of the eye. Thus, a dynamic aperture and/or dynamic mask

may be integral with a focusing lens. Alternatively, an electro-active lens may have a first
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[0092] An electro-active elenment may be capabl e of

switching between a first optical power and a second
wopivagisopower. The el ectro-acti ve -el-enent--mayPCHUS20091@37544-- ~

first optical power in a deactivated state and may
clectiaaetitchaersen drading ;atdynathiqxpﬁﬂureian dananaictmasht Elak Btsatlectro-active

The el ectr -actlv I nen . may. i n a.deacti e
clemEord TR SRE B GOt AL 9BT U gk he st cectro-
active®! @GhéM&eS wfcapdiftc 6F &ﬁ%ercﬁnggﬁ ¥l EdAAE Bler'd EERA|HGYH] @nd/or non-
first predetermned threshold. The electro-active
con@n@wmhpﬂmwf toee ¢ diicabevosdavends staathe wgwabmslama qepreal inlay, an
t he el ectrodes

ol
IOO\éP ! al%;LS & %glué%ﬁlto%lrc%l cgggmém%atlé)g ﬂ}ja focusing lens such as, by

way [of egehisle Bhiye an 1O as&9stallindldne Nedrhae Iuﬂay,fahﬁmeal onlay, or a
el ectro-active el enent may be capable of "tuni gg its
specgista lens: Thefequsiggdenstragt ba sﬁ@weﬁuéf@p%t&e atalfoyiagdis oirberl ppyer) or
f ggm uous, or substantially
dyn&%ﬁ?m E%lggfgft%4g§g%6% e?);nge bet ween the first
optical power and the second optical power. [0093]
[009B] ectliguas 7 Ay &B) arsKS shmyopmau&se@bes haviog acelgnarﬁiaraperture which
copyentional .or non-conventi errors of. e eye.
are wiRRY Ao FRBET P ¥ely CBEAr B Bmlﬁ%s R 1%1&%%7_3% 7B, and 7C
may%'e%@diﬁed Qighﬂil €foP Qidn%ﬁk b¥$ ld@@lh% @ttaﬁllﬁfngtﬂ'égtlé%i? R3-hAL B £n anterior or
| ens, by a’ conbi nation of The two.” [0094] One or
postwmr@hemb@ttlﬂﬁ actOly ba\en@ﬂré—megmh apénge.aOginamicos agemay heve one

or ni iR S S et kot SRERR L R Bhg BEREREF o ctcero-

activéQBEM &S 20(Bb1 A00tor Mhaycholt hﬁ@eﬁi dyria@hié apturd ﬁﬁi/Mé)B@ﬁ@ﬁotpﬁlask and
correctlng vision errors of the eye and thus does not
e

mayapgedddeoyige ashangeploeptical pawer. éﬂwreéeoar@tqcvée eliem%hmahhsz
t
ernbP I B ok RS oBREREN A 1B Dy BRRDAT fig oBRGH poweror
mayligvé aticisraho@optioali poalers oridi shbslmesamd/o@ thecAtts@ehdaye tleents may
renpval of a cataract or healthy crystalli ne | ens. The
be cyRtafIcRTECt T Adgashp #81t08f @BY Olaﬂi cQJfvenfignaband/grgnon-
g I
Co o L R S B AN o ElebRiTo B
electredes e therej @groadctive blhmantfs (hxylsbkictrg:al ensicctAint eB halThe eleytrodes may
an el ectro-active | ens have a firstel ectro-agtive
defi] L FpRAY WARPHGMEARAYHE 40 TF Arboy ogpa g ARaHHlS SHhhic toffe mostly
transfﬁafe%&" BEAGapPro’RFhANMS 50bEEERAbrcptiBal RGN sion (and preferably 75% or
el ectro-active elenent in optical conmunication with
mor¢)rpadfisn'tgncaal @cncheltﬂweeaell Wﬂ@pttﬁaytrb@nn@pmblﬁledeﬂn 'mostly
ors LS5 AReYaRls Shhe Lot BRiEFoamuS BN EN Ry or s
and 56V hizast toR¥cdaSarily @@meaﬂ oftithByansdigsnneal inlay, an
0O or an 1O, and nmay be used in optical

comuni cation with a focusing | ens such as éﬁ
[0098) anplhe syhstjatesanay hive ORe OF JROr@PPGniREs Sefend/gr e‘eﬁ%é to allow

nutr#eﬂisaa}’ld/ oft c?ﬁfleﬁ%@%{st ¥ots ©Fpals &P@%Qﬁ% ?ubls aﬁw@r the electro-

ocusing l'ens may be static (in terlngl S
activepti¢roaits. pbiveopenongs dydianparc{ mapabkeaetl, l@} Wey phgrainipde only, by a
lasero %} {h%f} lmag%véenrlgchined or stamped. Typically, the openings and pores are located at
non-electrical or otherwise non-critical areas of the lens or optic such as within a central
region where the electrodes do not extend or apply power. These features are especially
important when the lens or optic having a dynamic aperture is used as a corneal inlay or

corneal onlay.
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[0095] Figures 7A, 7B, and 7C show optical devices
havi ng a dynam c aperture which are useful as a

wW@na#lsoé nl ay, or corneal onlay. -Fhe-devi-ces -BCIDUR20091037544-- ~
Figures 7A, 7B, and 7C may be nodified slightly, for

[0098k anpl'te doptraleli may diaait ldazi sogneheptsictestridabpowsdrams agower supply

anterior or ost r c | OL.havin
560, hah e apap aray Deer G g Ty Bh i e it Raphed but not
1ntegfﬁlrvelt1$ Hf%(‘shf)ﬁra%t '"I‘h% pBWerBRIpEy PP be kAR FiliAréalé8ble battery such
| ement 510 may be S|n1lar to el ectroactive elenents

as th@@@m@nufwgredrbyrlﬁgﬁemﬁonh akhe thindyimanerlnrggsblet hatteryamaly be capable of

ation nstead vi de
oeing B o2ttt B0 JRY DRSS ot B ORI 20%s vears in
the lefi@dged. Wwohthinh filfn REAREHBIE BadeHbdBLY BE a&dfaaa makhacked one atop
substrates nmay have no optical power or nmay have one
the fherpdp Ehipeanfigiratignyriiesof thihkatteripsmay be gsedifgr 89-26 years and the
[ ti
othef bRy BB VRS ATRR (PP GAPRHDoftos SPER0E, Wimatively,
the (amd/brattenyomgolbwmtdhemai b sighalabnttrimogyeto tﬁe cantdllet.| Eliis may
Iectrlca Iy conpected to the el ectrode |n

exte?ﬁg* g%@ep?a heopieorleanintlsopycass. e?élilerm%ﬁr SHRIMH R

cop e TP P R T el e TR BY by L 305RR Eéﬁ%yé%

induthost | y transparent” neans apprOX|nater 50% or nore
optical transm ssion (and preferably 75@6or nDre) and

osn' t, meant t nme 100960
100985 5 ATEE b PR T S i Cespe kGt atso be used to
su p@fﬁﬂd&ﬁéhdfﬁi alg(n&@%eqfovde%@pgm tle@ticdliaRen Asb@btitaydhe light
referab@y 35% or |ess isn"t meant to necessarily
sensivgrec ond/pt th@@uezwlaﬁtélmnsaéfpr&l}s mfm ebﬂ]atemfen@dtfglt ¢ p@wey supply. The
r e
ight TP €51 BE o T F o LRl R AR ARP oAy R 1.5
photbhsleiigbelL HEhesiHosdviolthie ek iiiitiized hed Riceed bovEftthy Bne of sight of the
el ements. The openi hgs and/ or p y be created, by
userggg mere pieferphly ughrgd ané;JO%tffda@f‘é fto{gﬁ%waﬁ%w the pupil when
partiiRg Bpas&i b ga&h@ﬁpﬁﬂ o?ﬁfl’lbfc(ﬁll *eﬁ TthQ ForRRe Bgﬂ&fnaga l&qls RRIBFrged by
ocated at non-electrical or otherw
usmg am ew satfe taaér capdds obénerfieingelns1.o mnophotcvcﬂmmmrwelidq i Phe user
|on e el ectrode ot, exten
may oSG BV HE B Rughei G ki JEt PG b Soor cncrey
need® €6 eﬁé?glzé ﬁfésl 9inPHokdv oltaii R of cARN AR CmBPBE httod 11§hed at home
used as a corneal inlay or corneal onlay.T0097]
oncecpdityr @l ds eccdedy Te awmt enezge t:anshﬂmowfded ﬂsowheaamcrm@ay dilated pupil

or a RAEGuLG 8Tk AP AL RIRPIA s Rre IS AR BR dMLets TR e flocking

out diytanitaéntiviKilgg i ?ht VWhéh tflezisdid $ 15 ah @RotoVolGriPENEST BUPRLithin the
may be a thin filmrechargeable battery such as those

lens op Apti@ éragedPrisyll BacBiry aeedble. bepapablnphbgnding When usinga 1.5 um

photB %ﬂ@fc%%ﬁ %&Ec%@%ﬂe ?{g)éta@%fg, %ﬁ.\lﬁﬁl@ %Qlllsearg fusegieéﬂ?igaag g@l:%fjm arbattern

excess I'S nmay provi
that hiléwed forrgoldfng20 +@hny érrisnd or dpkie oivaftﬁ‘ aesundphd cells prwor thinkertion
filmrechargeabl e batteries nay be used and may
into feyked one at op
[0099] 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 from a portion of the iris of a

user's eye. Thin electrical wiring may operably connect the solar cell to the controller of the

optic or lens. The electrical wiring may pass through the pupil without touching the iris and
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the other. In this configuration, one of the batteries

may be used for 20-25 years and the other battery may
wheoosmtsehed to when the first batt-ery--i s -nro--|-RPCHES2009/037544-- ~

operable. Alternatively, the other battery may be
opersblytcoheatt toothb YO8 wsilQhah tisemtterioswopedtgridrahamber of the eye. The solar

o 520t o s TBY, EE0SHEs b LS B8 Fpess
a seﬁa@ﬁ@%b&v@f supplie THRWEI &é&fﬁﬁ)dal/ WY Ikﬁﬁ hEMRhBhY fRBIAOUnd may have
exanpl e only |nduct|on [0098] A

a forlrrit ﬁﬁtorsz@ncsh has\ mtlqu)prs%teaﬁlﬁ q@ieegtb teheldith¢ s,olmqeélrln alage. In
t
sorn% 8%f?gur§1€8|s,yon§%é Péog? ?mglgkoels% gy 30 Rfat%g #Ihglglm%f)g/ an P%Iéthalmlc laser

suchl th@hhe g@mslicttr¢gl wiginb camibicarthé htaded26 eI bEIOL that houses an
materi als may obviate the need for a power supply. The
clecirp-gpfivesderasnti ve cel | may be a solar cell.
Alternatlvely, the light-sensitive cell nay be a 1.5
h .
o P A R g SRt o PR PR YRR ok lia) majcrial 570 for
re-esllaiérshmgdhenpmpetmhelbee Ipakltlymug ahd zlmnmmd of ‘dne albelde after being folded

er|¥£%ral to he nargwi the upi | mhen
and HsprigdedORP Fsr RBeEdTy ta it 5 i hapeend Sraiegosain it
orlgfﬂﬁl Qe%hle@ry@ﬁér BQH@ d@f%rrﬁ&@(’f&e&a%léj %}hnlg b@ﬁlg%ﬁiﬁ A Freparation for
| aser capabl energi zing the 1.5 mm photovol taic
inseion|intortheefe) sTheﬁh@mqts'enetﬁlayaspdsm ﬁmhorh psarpant¢rmr folhmductlvely
and ehead evi c ovyides. th af e
chargg§ é{l %H%Pliﬁptlﬁz E%rorei:%wgﬁ g}g&ia@ é‘rﬁlh %¥rilns§mﬁﬁ§ el"he ransrmtter may
sendﬂh@% Y @ thailéns@r bbti®fo @RhgSthe Tinget &R ted RREEW JIreResk to change
one once a day or as needed. The proper energy can
the Iges'sombigpldwaverhr ough a normal ly dil ated pupil or a
fully non-nmedi cated dil ated pupil caused by a very

rk e '

10167 €5 ST Phal BE s THE QGHLPGapHL o MRGIRLERY detccting a
distane¢ to which alulssr iy nigrio fdmis] @hs sarsoompby be lightescagtilve ol 565 for

cel | na eed tg be capabl f bendin When usin
detegfing @mﬂ? ROTBPGE nd/og Meifent igghe Eﬂ&ﬁ bR of T hs5eRBion ghay iclude,
for &Qﬂniﬂepbﬁ‘e &erhbl% d? 'ﬂ?e féﬁ@@n%‘ &V%? apﬂlﬁ)@(ﬁgetb&o@ aAblobMaic or UV

t ha ding or rolling the I'ens or optic
sensgirerphoto oy hh SWItteh cdighs sprspor passivarsega-finding devce, hgime-of-

) e. 9 ht sensitive

Aigtf ffiige FRAME deting. sl RraRETY S s s ar ol ey TRt Fifie agpoer may be

viewlifig, A8 QEcdl@ombBRr,GOfrBLMiBS swilt®, LYBYsican %ﬁﬁpﬂrn@dn@h]yovemde control,
dlsposed from a portion of the iris of a user's eye.

a cafmagithy cemaich mhaeh swﬁthwhﬁw ugnséuebpy/the oasrlridgeio apoiraf
spec‘t:al%ies 4 ﬁu 1{1(?1211%&%% 89[ étgrr os-%etlgﬁ rbgag {%e%l??erconﬁgﬁ?d t-ghas ocular muscle or

nerveoarahd Hige. tThe sbﬁsbﬁrnaga dmp emcatudeyorfem megt ntlﬂoteﬂ‘@trﬂ)Qﬁbdhﬁnlcal system
ICL in the anteriar or Eosterlor chanber of the e

eye
(MEMED) sy6pssppeseadpptag forisistacinga tildiob thpnissUipheagipg engyiclorotation of the
u“ﬂs%?plies enough el ectrical power to obviate the need

‘a separate power supply. The thin electrica

Wi ring may not conduct electricity and nay have a form
[01025ct SFhomstensy ntreazsbetdper@;lzpccumedztadl » theneintra@lest rldageisot may detect

hol.d.t he solq{ Sl P ace ﬂ
sensory information and send a 51gnal 0 the controller which triggers the activation and/or
deactivation of one or more dynamic components of the lens or optic. When a lens or optic
includes an electro-active element having a dynamic aperture and/or apodization mask, the
sensor, by way of example only, may detect the intensity of light and communicate this

information to the controller. The sensor may be a photo-detector and may be located in a
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some configurations, one or nore small holes may be
made in the iris by an ophthal mc | aser such that the
W kios/1€lsect ri cal w ring connects the-sol ar--cel-PCT/US1008037544-- ~
100 or I1COL that houses an el ectro-active el enent.
peripl@t0@¢gidn beths lars ooppiic aIaislodiﬁtsd:bé:lﬁmﬁthhélliEiTrhiS‘ﬂayatiOItha;dl@e useful

a nenory net al terial.570. est the
for P e R T ISB OF PR o AED af EGhfansa Rorh hgisgioaand
dilat®fnt & th@ﬁde?g p{q‘}ﬂ dﬁ%m%ﬂ@ dhB ka8t AiphOoRR cﬁﬂﬁmesﬁw‘ﬁ%ﬁﬂ{%ser S
metal "remenbers” its shape and aftenpts to regain its
pupibisi dilated) thgeemret pgnses dagkndsepnvthd epwratisd H(a[s'@ﬂumgww@rmc aperture
to dl\t(\%h%[%or vg)amn%l‘ate%dben%?rﬁrlé,és%g{?/aﬂ%% dlgr'?ns%t%? &I N3 ?E)%’l 1 \gﬁen the user's
pupiRte@nfeicteal tht BeHdot dcviSdsthe haregbder lidhe aﬂl(f:‘fh% c@ﬁtr&l[gr infayQause the
for receiving signals froma transmtter. The
dynampig sperture & cqp&?lcg eAdlyaAm] CHPSTURCNBhiE Magheonsicgskyngil the sensor
sensg{jlﬁ’d?ﬁr?es% Eteth]g é%c'geo;fﬁg%l?a{bé% I?ert) %é@% f 6%@%%%[1@&?‘% BJh(?cEl:Bc&se the
controdher bﬁylcﬁ@slellhi@diynaﬁhe aEnsoOto ditye. UEhessehaun geayflicridested @rany region

detectin di stance to.which a user is tr to
of thﬁﬁ%%sor op %%&W%ﬁs P&y OBRMPMgRRNSE N dihE .C%tﬂalér magdyve gdelay

featﬁ@%%ﬂ AuleltBftta cthgﬁ‘ée 1h§n@ﬂ§?ﬂnﬁﬁlll§ﬁpg/ngf te éig Pe. tlet§ R# more

[ ens or Optl C. he Sensor cl ude an”p e,
thandineedday efothe dolfay 1f¢;m1rf:):)| Towd, N\gled @\uscté:imkahls or her eyes, the size of the

G RN LA N T S
take§ @Akl IMdiRGyILM KlongertthdBrpidximafly ¢.68&Rnks, Add PEeferably 1.0
devi ce, an eyé tracker, a view detector which detects

secoppeerdongaiser may be Vi ewi ng, an accel eroneter, a

proximty swtch, a physical switch, a manual override
[Olﬂggm r'ﬁlbe'usce sof ,a@ﬂ\glh)z gf; %(a%ﬁﬂlé &lﬂnghf Hetgé/fﬂtﬂ&&? (\é{]ttggvlﬁch one is

focuaingu pfi the di¢raord@tctdghecter is facﬂmm?g ‘fVﬂEld ahﬁs@kdld'tam:ﬁmange the

connected to an ocul ar nmuscle or. nerve, or the |
contreller BN SAFSCHAG IWAEUC PRRETUIRIE ORETISH torspdichiap ruafr%qsg% fi?RSh of field.

If thgg&ﬂélnéi&@(!ts ﬁlﬁtst?n@ 'ﬁkérlv?@)lsﬁ% B'Qy;tﬁﬁgﬁén@ag ﬁf&a‘ﬁge F e, the controller

detecting a ti the us or encycl orotation
mayahugdehtbe dgremiis apyraire [d)dlt}ﬁe] Tivescasmrsway inelpdbevopemnats photo-

connected to.the controller. The sens det ect
dereBEGH T DRI RGP RReShtFr £oG) ST 6P fiorn Tes may have a
focapfeﬁgﬂh%b%nw 6Pa wacgpced@aﬁmr&ﬁ tﬂe@elvsogyea &4 8Xample, three photo-

deactivation of one or nore dynam c conponents of the

deteptensarragis nagt ba:usemvrbﬁ figst be@hamg ® fnqus;mg &mismlmbé@r(mﬂy focuses for
n ar(! gc& rot act ng alirent aV|1n il %&R T rl‘Xge F’r nt diat
cargwa?er 268%"0 o % Bk, CURE eer? PIRy C“S?S SxAhprgaiate
dista@0¢,Yand RiBythtia oae ha\tlh%a ifedueingiléns thdt propahlty faﬁfﬂ;es for far distance. A
communi cate this information to the controller. The

sum g dfbrreneay algeridinphay §e yeaddedsicrmimng whigh e lesis ghelighept contrast
ratlog@ﬁ(;{ thgllg ?hcngders q:‘lgé l%%’h{% % figi a e%ﬂ%y WIthotgé hl%h@%f gi)lllt?a%ﬂa?g may thus be

ion’ ma
usedsie rRistengincnies dismase ﬁmd/aoxseldtecammﬁeesmemsawa fdcabing ohi ght
caused by the constriction and

[0104] Some configurations may allow for the sensor and/or controller to be overridden
by a manually operated remote switch. The remote switch may send a signal by means of
wireless communication, acoustic communication, vibration communication, or light
communication such as, by way of example only, infrared. By way of example only, should

the sensor sense a dark room, such as a restaurant having dim lighting, the controller may

29



10

15

20

25

30

dilation of the user's pupil. Figure 19 shows that at
ni ght, or in darkness, when the user's pupil is

W@l €896 t he sensor senses dar kness--and-t-he--cRC/DBL00E037544 - ~
may cause the dynam c aperture to dilate or renmain

causd itlhead}eldmid:él@muee toRlilsteawslloWwanord lightnig redod thkagetinmr Hawever, this

l.i when user il.is c tricted,
may gl G Ls 0 e T PEB SR H I R RemiCh Feice e Aovangr The
uscrFBY1dGaMS Ry élﬁltt@l/ﬂ@'ﬂyﬁarﬁfé%%ﬂﬁl% I hCIRRSS dpfit to Lot MCaperture
aperture nmay remain-constricted until the sensor
to ingeepsceyie dapth@ééisldcﬁndtehbanca dhe wer'sgtalitydb Iread thgmenpeFigwea20

shov% tglg 80%% 08 rallg%l 8f %E)eélrs?r arng_i cogtsr(glller t]Ee g% eoelnloer fcrl%g% in which a
dynddgiclaperireds dons@idsedriegnsn difantheskeinsias hglﬂﬁllgfeoh&lﬁbns even
wor ks in an _optinmum manner. The controller may have a

though thayuseespuirles dH e X\H@aﬁlée Regadlisganed g Bas o yser may
|
rernc?t%lé/ a'dlgwthé %@?%&a?&ﬁ firko t(:%l}sg)me A@ﬁhﬁe t&%gﬁfégﬁlg% agﬁﬁ

autoblatiod s/ thersbﬁ alldveing elyee&er tohwee destén dic dilacapetituvieh Wghﬂd to non-
not be changed since del ay of the eIa CIFCUIt
near| dé%‘l&? t¥n W8 aP‘ilY?éeqt therapels StVYitCBISFH%IR ke EreP g d R Way of
exarfﬁ? cbh® the RAY oABRICNL Qﬁ%ﬁt’eﬂfnaofopmécﬁﬁeﬁhd[ﬁe nRMdry metal material
eferably 1.0 seconds or longer. [O The sensor
570by way of exanple only, may detect the dlstance to
whi ch one is focusing If the sensor detects that a

s focusin n_a near_dist
01085 ot bR B Bt et ke co B E PR PR e oo
biochMpMi1E UGH adABtohTIEd] eafee@ ifl eRtdye OBiddoglpdtible imdtoiul @B clude, for
detects that the user is focusing beyond the near

exargplg pohcenyldengeluoride og spn-hpdmogel migppeays @criparepitsn e substrates
and gﬁg{alggﬁ ele ro%'lésq{laﬁ areTJ}ﬁiigc?{escg enﬁ)%xde tllﬁgﬁh% s’%st%temr@?

or arrays w ocu5|ng ens placed over

opti@atip babwayoatEdltd‘lbef lmmletlmlyl sedlsd mayrehai er Betffrd (I@ichingngticﬂltlonally,
propriate for a speC|f| di stance fromthe user's

the Sé‘gwatﬁr«sdfp%&ea destgned g encappde derEoubslcerqgpsuphpapiey are

bun&?%ﬂhmﬁﬁ@1ﬁkﬁ§£sone having a focusing | ens that
properly focuses for near di stance, the second one

having a focusing lens that properly focuses for
[0106ht erhedicetcs and spténsclescrimd htlem thiyrbg bondabivavoldgple, and/or able to

t.hat f f f t
ve rofg i B nlpr R B R ol R0 SerSlioufly I i
1n0159&I €A @}rlﬁ@e\l\ﬂiltec&vﬁferc@ﬁmﬂﬂﬁy t19eg B SRSttt MO8, hadihkQ I%)lston may

rovi des the best focus). The array with't
be uﬁﬁdng@tms,wmmtaglt thataliowysrewya foides as@ollegdans o e d? he nl@ced

propfehg v&%eiset &gﬁrgd [noegﬁﬁfth%%ﬁ{erltop 0 ospe?ﬂof Slllarﬁtte? of ﬁl%l Vi bS F*ggre 21

usi ng urations may

showmzefcﬁMchmcam ttnehaciag bhebt @bret eﬁedme QNiet eled&ﬁfs by a
nanually operated renote switch. The renpte switch may
send ggaL by neans, of wirel ess cpnnunlc tion,

[0104¢ 5y Ptaca WHE Gl yNImEs apeTtiis aRgiphan ApefiFasion magsk can be fit
or nfiq?]lgtl%d QMn%@ﬁlh (iR ld)‘ﬁ!}rp(?r% 36f %X r?Br lﬁﬁ@&[ﬂér?y @RbY¥th eyes of a

frared. By may exa nly, houl
user). Because the dynamic aperture can be programrned to expand to a larger size at night or

in dim lighting conditions when the pupil diameter of the user would naturally dilate, glare,
halos, ghosting, and reduced light hitting the retina of the user are largely eliminated. In
contrast to other IOLs, corneal onlays, and corneal inlays that do not have a dynamic aperture
and are therefore sometimes fit for far distance correction in one eye and near distance

correction in the other eye as a compromise due to glare, halos, ghosting, etc., the lenses and
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the sensor sense a dark room such as a restaurant

having dimlighting, the controller nmaycause the
walymwamsoaperture to dilate to al | ownor e ---gheCT/GS2009/037544 -~ -

reach the retina. However, this may inpact the user's
optiatlek¢ribedtherepealfmy forrdanoalis tpmoectt. as klmuléh@poiaté‘d out that the

.readi.ng a,nen The user ul d contro] the
opt R AP SO R Hdehcan E G IS R rOPAGHHY PET i TOOSE P Binpieif
desiRBEAdd a8 btteeélgﬁéde‘ﬁI%Q“aMi@t&ﬁﬁtsﬂclpi whi ﬁ{a@ th%rt‘élnt@ﬂ%ﬁﬁ ®f the
the user's abrlity to read the menu. Fi gure 20 shows '
dynariie aneituraknd/pemask may b¢ remadels selpcatpdirabane rt@ theenentehaf the optic or

lens g%ﬁrs e?ti?ge:{rllg)g e[eéci w?][glél [or gnd ttll\g ¢ 1nt05c%\£ Bn?;[%ea %n fhe &ﬁ{ltr% axis of the
dyn£&00dbéings o éeRetsNe@T siche user's pupil is dilated.
V\hen the near distance task has conpl eted, the user

renotely allow the sensor and control ler to cause

[010l8h e a%’é PPl @ 1%9 RAving 2A¥REEC aRpaTuse SisY Yrrarapedizpijon mask may be
t
usedrlgg) aur gnt h&\ﬁ%a?ltéggtrh glﬁfeglt%}ggﬁgjz?éggééc 5 (:Sjéea'ﬂt(?n aeg Eﬁg aV\hen
undeap¢r|foran@or fule peffmnmleg smgtedbcm Igiabstatrmynubieford dOILy dyhamic
e one, t he. | ens tic vi :

focugfe At ST CHED G T RERO e 40 8 datng 10L
w1th[)9tlé)§§}naﬁh@ aﬁéﬂﬁ% raﬁ%?@ h&GRE Ak Q%thﬂ%ra@ beenBneizEPated torn has a

mat erial s that are bi ocorrpatl l e with anatom ca

holeo@] @@s gof gpntrhet @ﬂéatemmﬁm‘pm irts|dsverdtoé pl%iﬂl@t preop as an iris of

certaﬁ%ﬁ bﬁ%pa,r abéji]lry ’r06 §O| rﬁ’%ﬁ&%@y gJJ Iﬂ:] %mgle vision corneal

inlays okl 68laf ﬁdthbﬁﬁa ahf¢ 8pc@hues tarfany gérfdrhﬁ\ﬁg &t ¢hderperforming
affixed to or embedded within the substrates may

multpfieed] o émlg&ﬁ ‘B@O@\?/Iéﬁ}%@@lﬂ legs Wisheys aplypaeic apartysg, @fe'f’éll Qg thas has had

ching. Additionally, the
undﬁ%%\f %%f{%g@&b&r%ﬁl gned to encapsul ate the various
el ectrom cs such that they are buried within the

[0109Ubst A dfisly. peffoiritik" kine id eupslels ofipmbpoply fassite dight detdhe retina. An
" erein may be. bendabl Erl{ol daFI , _and{.or abb1 to ge
undegorkogming” A9 iy mttcrﬂwdv Rl RRBETHERYP S HEHANS g FFtina slpapqst cases,
an oﬁ@@ﬁﬂéhMV%@’a dyindi© a]%:rm?% hiphSdp ‘Bﬂrzaﬁbﬁﬂlﬁémﬁr 1|rﬂﬂf§ve the quality

devi ce commonl y" used for 1 npl ant ation of 10OLs having a
of leu@taomltm@sypmlww ths umn wheg eised orassavoition hvath aid ipwetical

j ! | d
compgigisdipy A Srvapieds pEERIEY Bt e T PhfpEReBpAERDR. When used

withROBII Fbr@din € RATREdyaid AR @Y incich @Y iR deplh S1RNE afd acts to inhibit or
fol ded optic or lens having one or nore electro-active

remejeggBIstas mgspeOthp hagher ehprratiend efessusiByeyeg a dynani ¢
aperture and/or an apodi zation mask can be fit or

[01 1{922' aﬂtlqu o?' gﬁ@ ha@d}}g%ﬁ%@% sfyt océﬁlvg %le}‘ne‘ﬁp £ &Y oé%g h%reln can be

r) or brn eyes of a user
cornph&ddgf ahthelnap etrdt ¢riads thararb evcfirkagwanime dricaneixsad fbrtIOLa, or

rger size at night or ipn dimlighting conditjons
comaﬂéﬁl% %ﬁmﬁﬁeﬂalr* saebeflegpleigs gopdlexiblp T cxappleat [PO may be

i i G400 G 0O E OBl
polyktherimide, or a polysulphone material having the appropriate electrodes, liquid
crystalline material (which may be doped with a dichroic dye), optional polarizing layers,
power supply, controller, sensor and other needed electronics. Each 100 um layer is used to
form a flexible envelope that sandwiches and houses the electronics and electro-active

material. The total thickness of the working optic is approximately 500 um or less. The

outer diameter of is approximately 9.0 mm (not including any haptics). The I0O may be
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contrast to other IOLs, corneal onlays, and corneal
i nlays that do not have a dynami c aperture and are

W b@peisre sonetinmes fit for far di-stance -cor-rRCT/UBIN09/O87544-- ~
one eye and near distance correction in the other eye

capable &f beorgobbieil sad duerté¢dingl theeye thadwed, a gvdbsturgigyl ietisiop of

the | enses andoptics descr.i bed herein allow for a
oD ALY SRR (8GR SR B8 BORALEET Sl TR mfbis utilized
as eﬁpbf 8 160¢to |aﬁﬂ§1%§)eﬁi1ﬁ§ Gtid 1eRO! Ry ﬁbﬁet%@p@érﬁﬂ%@ﬁlon after it has been
| anted or fit in nonocular manner, if desired, and
lnsetf ingethd €5¢'gyarterientd postigripceaader.n such a way that the
central point of the dynanmi c aperture and/or nmask may
[01 IQE ti r gggltrn? {)1%; a éﬁ%arfrf@ l?dec?Jg@}aﬂte" 1g{not aeltgﬁg 01{: tlrc]:e[é rf‘i’ter fnlgﬁ energy blue
hghtemd/dr mlted-ciefet light elHedTltedbi L hinealeebé ikl tashiganoé céfst
ynam c aperture to the user's line of sight. [0108]
Sensﬂwltdﬁﬁipércéweﬂéﬁé H6i-ng a dynani c aperture and/or an
apodi zati on nask may be used in optical communication
(0119 t h BhBRhLRYofHE I@beo?kiébﬂl%é?y G yshald éﬁf;?o;llﬁﬁély Sthm and
underperformng or fully performng single focus | Q.
apprekiatatdy i intr flogahclidihg haytrranidepdndngsipeg thaken{ serodptia's intended
lthﬁ%}nﬁ} an,.el ectro- aCtlﬁﬁ foc ing 1QL), or an
appie B?ﬂ‘iqlﬂ]ﬁnﬁlﬁ_s AF PG anmi c aperture, an eye
having an iris that has been traumati zed and is torn,
[011B3RsS awneh 8scds acb@ﬁﬁean@layc Rtdiandteiost «didpat or ROREVihY a dynamic
an iris devoid of gnent such as an iris of certain
apergire pirer ap@drzarlmymp@l? m@rtrhed@SSéhm}ha diapeiqr of thorggrnea. In some
I
confddon S off & 0 Gnt®, PRI Rl el PRl 25 il ane
approkimstelen g edirh OTHa cngerrmkface‘ @fdhé subistracnglag beicatved to substantially

ctacle le W t hout a dynam c apertur or an ey
matqhihs CRRtREF OXPBR ST 1 WRETr et it ormcal ipl lgeay to maich any other
des&egjcg%]atl@e dcrlﬂlllé dut&%?ﬁ%%%bst&ﬁéﬁnhfb@ﬁlﬁﬂﬁl e of

proper y ocusrng he ret’ na
"under per f or m ng" Iens is not capable of properly ' '
[011fbcusk llgrel& Plaws en QRS 00dv¢ated inlan antsgior clhanelser ofian oyt 4ngl in optical

o oS P A R RO R A e

dynaﬁﬁb@tﬁét’t’lﬁg DYyrlahiec HESE, oVWBEMR. US e6hfidurafne eloRidi®Na ﬂyﬁajﬂnc aperture
nd 1 n optical comrunication with the various exa

the I&Cbmaﬁ opviide fon emprozed Mty chFIdITA Viviee By RGeS e éepth of
focugui:{%lrg E?gl{g\xy% llﬁbc'%(? ogth&‘m § Qﬁ&r &r%ﬁlgmpgcc{f%ﬁsegg a{l(g?l optical

and ac fo'1n

comﬁ‘miitcaﬁ(f)n it atfhgdrelr neaberﬁfoﬁtIOQrﬁi 00fTha 10®emapineliee a[dyhd@ic
A lens or optic that houses. an el ectro-active el ement
apergie.dy yapgicRatke PEPGhc 4 19O e@h»&rrrgeae@mml%wﬁrm pppy provide for

1ncr{5%_c§&ép"{’ilr §f folad ]ﬁ%ﬁre%l slho%gllgﬂvﬂ)bq Ob 2?0%{&1 i3 a eﬁ’t?ﬁeXIh%Fxg)er of an

or corneal “inlays e materials can
eye ard in@ptifdl @pmplumicaFon Webhamim 16 tha@Oormagts e faedistaficeonsion only.

o B SRR 0 2451 Bl S SR Snrin
Sho@pg??%%gg%am @ehalfoavlinthetMAenARRCEREHHBRTE ficld for providing near
distance and/or intermediate dlstance correction by way of a dynamic aperture. Figure 11
shows an 10O 1100 located in an anterior chamber of an eye and in optical communication
with an IOL 1110 that corrects for far distance vision and near distance vision. The I0O may
include a dynamic aperture, a dynamic mask, or both. A dynamic aperture may be useful for

providing an increased depth of field for providing intermediate distance correction. Figure
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crystalline material (which may be doped with a
di chroic dye), optional polarizing | ayers, power
waeppliy’socontrol | er, sensor and ot-her--needed---PCT/US2009/037544-- ~
el ectronics. Each 100 mm | ayer is used to forma
12 shovexarblGO épddloopted ﬁrhapossar'm‘wh@rhb@r and choaskm dptieal

elect .oni csS a el actlv rial. The total
compf iy Then L V@Pﬁf)@dﬂ%mc 473 S ansitie: § denin sk, or
both® rﬁ%&éss sild\@s SHECT 191 (ARERA nahiic ARRPFSXInTRE Bbi¥ioR 0P tHENOL
(not including any ha tlcs he | may becapabl e of
clostﬂéitm@lefem slpebiaAdic Qb etsoadayi mt:kud@ h@ly@@mwtrhmﬁu@tguae é‘h&hqws an

IOL%SV c! ﬁrﬂ? Irai)lte e Of tlgep rg}%faﬁ y%l} Xf T% Eg%b i@? aa]lso may include

a dyﬂzhhiclrﬂ@ﬁ @%@@M slﬁtfwd ROV Al ghaintic @p&ﬁir@ﬁl thB@oida of the
toits gloper shape and I ocation after it has been
IOLckpseyt te Hheiaye's 1etHie. éF;bé 1QL ahoepgoinckyde pdgranicanaskh fgyee 16 shows

t
w cofrditley bbie BmBublcubi IR RO DREREO RN Ae. The
inlaynky dxchidel aadynhinghdpertiifee afdiyhdreic nedskt orriotlivalyigatesly shews a corneal
used t o enhance contrast senS|t|Y|ty as percei ved, by

inlay weontigacon oy tiorid il e FhoinlayBay ieelude arizzazarﬂwps%ure a

dynd et WERR, SRR T SRS Ye éot@ﬁntﬁfﬁqt RRBY Fask R t%ls}im;vgll%’smble
(not 1 ncluding haptics), depending upon the [ens"s or

confgpiratens, ennhoeindeds,acppiburtaabnm and Ptabhenerds neths lpmssntaneentlon For

ssi bl e \\hen ed as cor inla

exar&ﬂg adcfo g}l&l}b}flav élrrlaémg AP§ garﬁé\% aﬁ) ﬁgpﬁt]l?n Y dtatic or
dynaMRi8 fahbdiatMGh &k rAROsH 1%1@&?8&6@1&86 EEURE)O b1l @8mchhdily tddgeal

di aneter of the cornea n sonme conf |gurat|ons t he
inlayyor phepdeviemas sbawn iad desgriipdinmdtheer widtome @ dynamic aperture. However,
thes§ R Béa pa%e Yo tholn i aﬁ‘e ARRL gy mately 14 mm The outer

sur cel I} e su ra es nay be curved to

substantlally natch the curvature of the cornea, such
[01183 when 06ed IO iaclading @alynamicayertore ahd/ofrai elbbcﬁtmyloﬁhhﬁk can be

desired curvature, or the outer surface of substrat

surgﬁséyy H@elﬁq:daqi}g}ng tP@ ﬂtﬂf]l SHY grogediip ihat ieitcrgpgntiona IOL
t a
Wlth('gpt i Cﬁﬁrﬂég nﬁﬂn?{] aA?fegIgd”u\ymgl h{ﬂgqﬁg(Frtl%L 1%?%2% éicglly inserted as a
follaw yssakichhgotainse 1810s, die Week3, monthisnot yrees ted yheamital IOL
erture, a dynam c mask, or both. In configurations

“HgF cluding a dynamic aperture, the |1 0O may provide for

i mproved internedi ate and near vision by increasing
[0116he daREEssAfl op&atisn ofd RHE 6r ShtRNANEIAR ah%rﬁ&chpleﬁﬁl%tﬁﬂlependent

in an anterior chanber of an eye and in optical
uporcobipiniiecthe Meninwm llewalie trapaninsen thjpughghe mostlptranspieat aperture

J .ng! nan nt

and {0 RIS TS (ORI &6 Bty EVORTASn IR Seiaf
Expérithentf oepamadudepivith (ﬁéutha el psityHINgMroptitdl fﬁfemltaw D XDues

1000 Iocated in an anterior chanper of an eye and in

betwegn Dafl | domviHelebelpobpving b1 ammdiamegovens af@meﬁéirlrléleft fglters to
crea%oaﬁelftﬁ'rres dlﬁ%%cﬁpgﬁﬁﬁgﬁ’tg ao&lcéfnd E& vlzangé’E%ﬁ ob%}‘:thé' gﬁerﬁlre to

am c aperture, ynam C mas
sirnu'lam fhegoamamiitemce 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=10"" Equation 3
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shown in Figure 10 may be useful for providing an
i ncreased depth of field for providing near distance
waeadot7spat er nedi at e di st ance cor reeti-on-by-waRCOUSW09/037544 -~ ~
dynam c aperture. Figure 11 shows an |1 0O 1100 | ocated
[011i7h aningh¢ erpcomeot) dndbiglter ofas dialdaydromn df aml wapy tlosd to the eye of a non-

C tiop wi.th an | 0 that .corr cts for far.
corrEHRal 0D PSP e T S RALE TS GROReH e P aaigh tareet a
approRiphadl® 13 isbheabm Be Eéﬁéﬂﬂf SeyAhEHRAMCapRSIe. 10WvadkEbveRrd that

dynam c aperture may be useful for providing an
suchy amoap@awdwié@fm mreafsm@l depthoef fldby dioviding gerdresliahpenity and
contra CNSITIV] rrel%‘y H rce 1u e1§1t§h§)ms an 100 11200

o¢ ?8§'Vﬁ% U5 G4V P CLRARHOEF I8 an eye and in optica

communi cation with an 10.. The 100 may include a

[0118y naningcager, the st @swlsnadre obaarl wieh tRoND. valEieg@ﬂtEe ﬂﬁstly

shows an 1OL 1310 having a %nan1c aperture i .
trangparant gRFrre Vaelepahar pRgesimatQy D Tegfeater tb@ibmpromﬂ@tqlﬁo 7o) and
e ORI NOSCE MBI, A5k 0N ADHS B
annutlivewhGhreatthihah Ghprakisaiteiny. i heh pmﬁerﬁedcb_pnﬁgmratimaslke ND value for

ure 15 shows an | avi | nan1 ure i
the R GRS GPoR S e rodba peretepy BT B than
apprg%alt%‘ 984 Qndlrﬁﬁé Nlﬁ O HiEESPAFUCarlRAK is Flc@dF Bafk pproximately
hows a corneal inl ay 1 n optlcal conmmuni cation wt F] a
1.0 (fTela$Stth§n mrestyeic 16y sWallke utrceedsmgsthe Jifisrdngt &yNPeyalues between

the %%G%ga%igﬁrg%gﬁgt%e ag& ﬂlgéfmﬁ‘t]l;ﬂ o&g neﬁa{trllg% qrsrgzglil borg{)en%gtte %r a high ND
valu€ H1Rg mhsaY it@AspArdn apdttur Olit wilhiRad © AYunieYirdbEddéet@s@in overall
dynam c _aperture, a dynam c mask, or both. It should
trangsaisyion eflight fatheiretinas not possibl e to show al | possi bl e
conflguratlons enbodi ments, comnbinations, and
[0 II@L pst chfe ﬁela{% ‘tf%[lgvc‘e%l résmﬁfbtrﬁ 08 offaa @%th/OE %%mdlzatlon
rne il ay having a ynan1c aperture Are not
mask Wl]ihddwthe@lnscr@eét Reiiqal mammwcmﬂﬂdluzmmmnmelyrdsécnhuyby an
ra to an or neal onI cone
OP“‘?aE rrag}s G Pn%}t%@f&ﬁwaé & the ok g bt ot o wnmstoﬁensmwty
funcfibh RO FurRtidlY BRI Sp QR@ rﬁte&fﬁé%lcy BPWRMS et SHIES. eA\Molrﬂpl&econtrast
apparent to those ski || In the art. f 15]
sen51t®llty| fodtiodicag ba ushdrta mfh@:ranezet the efnagﬁdquahtsabﬁcamdhez aptlo@ n>f the
can be s i call erted du e nitia
cye 37 SR M5 sa bt et TREES -SMits P bl s i thied], dependant on
the tﬁ#gfjh@ﬁlal@fr&ﬂl@ﬁd}] & ARIRHINKO edudirieeh B adi iRt ¥f thé HRadcOh 9f1n01ple an
be suzglcally inserted as a follow on sur
Qr

OTFp%@&@@Qﬁ@ﬂwtﬁgir 1 epay gbjclebitance e ilhgmination lexels Télﬁ%s of the eye
Varléshv%tﬁ %Eét%stin% aﬁ&' lgl%[h ata;[nol%veq] taa%g&s%%%ﬁ{ 8’% th?s%% ﬁgﬂ)lgpchange the

opn@e;ﬁelﬁml@ret "Ilhlam}bbf tihb layeﬂglay Ibe rédRnsEdtum talrb@mbb @rrors of the eye,
transm ssion through the nostly transparent aperture

oculgipbefrpgons ailoasof asqosmadadive pbisniussio oRsetiof Birghyanive
nostly opaque annul ar region. Experiments were

[0129Pnd uﬁﬁeq\%lg bPa PEit HGkctde AR Fo¥irit NEInsRRH S8he pdrfuf! Snvoluted

ues
w1th the modulation transfer function (MTF) of the imaging optics, where the MTF is the real

component of the OTF discussed above and shown in Equation 1. The resulting point image
is known as the point spread function (PSF), and may serve as an index of measurement of
the quality of the ocular optic (i.e., a bare eye or eye corrected with a vision care means).

The PSF of the retinal image is found to correlate with the quality of visual experience,

especially when it is compromised by halos or glint or other image artifacts. Thus, a
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between 0 and 1.0 in which holes having a 1.5 mm
di aneter were fornmed in the filters to create
WQ@p@etuises. | n some experinents, a-second -fi-{-tRCT/WB209/037544-- ~
pl aced over the aperture to sinulate the transmttance
systetmatmegpprctahb naydetappleed tNei@sigaﬂngcaarapéntqre bg usipgsupupil @podization

h tra sm.ttance base n arithmc scal e. and
funcligfl Syl ERREST REY Br SRSt il o Ao Mer RS Ginngr an
aperfulé, %ﬁbl@ﬁbstlﬁhﬂ)ub-ﬁshed]lgl NR FaY Rl bR 3PRddkihdhdt dtailitude apodization

experinment, the filter was héeld in front of and very
of Telespope Pupltl&ﬂ@ Fegvr@smr Berrrsiniad Plaaet lath g 5By &mjiophys, 401

1t The c patient |ooked at a near
(200\355&13%? shogdt 4 qu%%%’?!)w mately 13 inches fromthe
patient's eye through the aperture. It was discovered
that such an‘egiey+ et )wWoWk&) kavl” (x)cr easi ng depth of Equation I
field by providing good visual acuity and contrast

jtivit ut onl nder certa n co tions. 18 .
In whigh S’é@(é} a1’ ‘P@Qgém@é@ﬁt o e IWS?Sa?fﬁtEa IS B}upﬂs
res é’&iv@ﬁz i (&P&pf@ééﬁtk Mletffo%ﬁélp@&%mmﬁﬁ%é Hia§ Wape Ia%a& Ite Qents a
approxi mately 0. T greater than approxi m eI y
convahdionhe differ ence in ND val ues between the m)stly
transparent aperture and the rmstly opaque annul us was
r.th

o1 5 2 Syl PR RRRE RE s Reest R iBLlBl St il daapghe F. <A

Phas%ﬂﬁﬂﬁdéﬁ@dﬁ&NZ&ﬁlck@A oalaatﬁbnalp@dﬁ/gﬁéurf&t StleMaI(C(Qérne(gTaphy” inJ OptA.,
greater than approximately 90% and the ND of the

Pur%mhqpto%?&@é) 2a80P¥d4i hg peedigtion Hanrtiap mrayxicrsed fgjintroduce
defo%%sgas dd}}@#rﬂ?éﬁ 1111 W I%K?%E %' g@%@ EX(% g\rg?rtlrot ﬁhh%ﬁn aﬁ&ﬁ?ﬁ%h%ctlon or

erence’in val ues”™
an apdrans par eitdrs teeaniplitelcaithd Wevafoat hya ﬁmaqamofatha plpiagaadius. It

corrpen ate for a hi ND val ue in the nostly
is alyq pateiy f@ﬁletr%f{s'@? 5y ﬁ%l}lcwﬁ) apgrfure rhéaaltet%thgm%aﬁo%féh? WRyront as a
funclBf Bﬁglﬁﬁllén? quﬁg Abdink hARRA IS iRBaQ@lonthOPSE t & fiullratic Phase

retin The optical effects believed to resu
distriyugion ll@@rn@‘thamabpaphmde ofithd apodiapmadi faattiooinasigedicdd lead to
defolow be descri bed. Retinal imge quality can be
Clogtafitit ati vel y described by an optical transfer

function (OTF) that is the plot of the value of the

conpl ex cont q%gg)_s[q@ﬂ“fzw ty function as a function dafquation 2
the spatial frequency of the target object. A conplex

at thE %Httrélﬁéé ?ﬂ" rlrg’lkl‘?w]él\(k)ui i W Qt% M 63heRSisY Wlﬁer& 8 is a ara ter

char act ze t I‘'mage quality because the optl
representigythe mapucthanigbocube spatial frequency of the |rmge
relative to that of the target, dependant on the

012207 EnF SRR FmeleR A P o O RO o Rery and

optl&ﬂ) PRdpeHict 86 theQihe@yie Yayddl Bkiveliosd aRaed ARH fbd thel RtRALISAAI tasks.
evel. The OTF of the eye varies with object distance

To d@rﬁ@ the Ir@tmahanag@rﬂuabt\véfor csevplgses dedinhd by ﬂteﬁbﬁe or the OTF of the
oculaua SQ'S%%))%% gtgh Eﬁﬂg lﬁ@é) il 1sua§ rceé e%()f)gnenceg bg £ tuhc{wldua?l Visual

U ce I V e-errors
perc@p’tfbn may be characterlzed by the neural contrast sensitivity function (NCSF). One step

in the translation of a retinal image to a visual perception is the neuronal transfer of “visual
information,” i.¢., the electrical signals produced by the retinal photoreceptors on receiving
the image on the fovea. The neuronal transfer process is subject to noise, which can cause a
degradation of image contrast in this case. The efficiency of neuronal transfer can be

expressed as a function of a spatial frequency or a set of spatial frequencies of the retinal
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ocul ar aberrations or |oss of accommopdative ability
due to onset of presbyopia. [0120] The inage of a
w@oiatt1shg ect is the Fourier transf-orm-of -the -BEBEUS2H0B037544-- ~
convoluted with the nodul ation transfer function (MIF)
imagy rdtinel il loegnange, eyt itleslocattvarcd thehgoiMida ths favee withalespect to the

nent of t F di scussed above and .s
contGRIA0T Gt AP rREFOEE £ g TR PG @ e RGP ppgformance
mayﬂ?'%&alﬁar% dpntiel tRAt cafP@iodula®Nle FBNitS SF MR B8nAMmbgd®Xh that

measur enment of the quality of the ocular optic
the QTF ef theaomt@d@pécairsyﬁy@, m@luﬁimgttb@ apdrtube, day i peaknvadeeraf contrast
ata gpg?l ere‘;ﬂugnw g?ﬁingtfght P?ak oroﬁlfl%Nggglof él)spslfét?olld ar értécp vidual. Although
the chs@astioylof thabwed inhdzeGRRITRt SRaelbotia] pifet0Eendthé NMCF and
ot her image artifacts. Thus, asystemati c approach may

percpiere gl itedhe pregens digsl @reaiﬁesa%rcpmléerﬁbls agtergand Ipf@mdps an
achr@ﬁggé Es%gés%n{ ('txjfﬂtﬁé ire}?ﬁllal 1%%@ ﬁalft&zj pI] ﬁtg) Hla%yt? k?l?e NC SF an

consi stent w vilous representati ons o
aperture, such as that published by Guyon (GQuyon, O

[0123Ph aslé'rffeltmw &eldatﬂfmhay bicesed po dhangt itlerpeoformien@sdapeperture. For

N TESER AT I CTETU ] T T

annUFIUREHER ?]pertﬁ%s)fﬁatﬁaygﬁlmtlp\{%ﬁgca%dﬂleﬁ or dﬁ%@ﬁt‘t sbfln

whi ch Yo{x YE(X) represent the conplex anplitudes
photofecepterseant wm@omd apgitare pirpi ﬂrsgeneeeégéctiﬁmh loy foons {neyeases and

I resents er transfor
the R S Pl BVl ST Gt i (g S8R the total MTF
of the @Ol 9B andhpcfaes g@feﬁﬁls@%grad%ﬁﬁth biedledsBd apfure size. In
exanpl e, rti nache F, "A Phase-|nduced Zonal Zernicke

gencaglotic ZapTaysmpeiseigaiaen! fraseestualiyampooyes nath thp perturg pizg becomes

abou% naf% or lg r %FI%QP Ithl?ﬁ&’nt Qh{)gf?e%@%f (ﬁ%&?ﬁ? ég OVJ g g Ec:he ositive

ation funct use
effecasludasathabaﬂnenmoﬂhsdeﬁatoefrﬂeld\lo 5, 980, 040 by
i ntroduci ng an apodi zation function or an aperture
ront. as

at alters t de of the wav
Wl?f‘ﬂnct Tigm tes PEE‘nﬁ%a}I P%Pvnwa@.rw bq maé%wgﬁhlg&nﬁa%msi the optical
patht(ﬁ’ffétgﬁcre%\:{% Bt @ oldt vaindh (R %éﬂu% &s b tgctibh B?[o%attl(ﬂ?(l e., distance

phase of the wavefront as a function of pupillary
frony thdipupillatyasentey and be mﬁmth)aandl 1tspm¢11:aldrantsm$51l©SF Fopa two

. dr at h d b t
dimGH st B R eSO o e bl A GRS difkshiipn e ebgoptica
trandr@igéloh B ﬁﬁl@@&@ ?uﬁll apo@ﬁiiﬁlon— Eine}i6n,| 4G Bo vl URE f@ifioR 28br o =1.

the entrance with rj(x)=l, i f | x| < 1A and O
Morg gpeargifys éhis wﬁ‘éqeeforaa svediseansiontleaperteigrip guetherjganchince the aperture

may?%&o?{} %ctg(fi Iqt%f p%[hse or[h%é%&ll ftoT ﬁ]%r g&? ?1’5 OE ﬁlen?% C@hﬁllgaq beneﬁts of this

ure Iven s
appraixh lopt ibe@d repblﬁmﬁm foesxahpleh&ppipgité RIAC cnaly l&@eﬂ‘rﬁ[o@& Iaﬂ@ Visual

perfgrcr)na%cg, ePSairtrI?gptFi)cSaE aIflcci) Irle&rQIeLi?neitts tg fVls\{lons’ ’l,J %Lesteﬁgcif gt' the Wavefront
Congress, 2005, which describes the MTF of the eye as a function of pupillary apertures.
Application of an aperture enhances the low spatial frequency MTF at the expense of the high
spatial frequency values of the MTF function of the eye. In effect, the aperture functions as a
low band pass spatial frequency filter. Since the NCSF of a normal human eye typically
peaks at 4-8 cycles/degree, this shift of MTF and associated OTF values of the retinal image

enables the OTF to better match the NCSF of the eye. As previously mentioned, improving
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To do so, the retinal inmage quality (for exanple, as
defined by the PSF, or the OTF of the ocul ar systen
woreapobersoat ched to the visual percepti-on-experPEnUR0NY37544-- -
an individual. Visual perception nmay be characterized
imagpyquahty atdew apatmbfitqastics engichharict wistslnonifort agMNESHubjective
1‘C}he step in the translation of a retinal inage to a
qua QEX’ISlogler ception is the neuronal transfer of "visual
information,"” i.e., the electrical signals produced by
[0121528 'Edd il a%h@f@z@tﬁcﬁﬁ&@&@deﬁ WIGHRMEIY iofiterd Ratés B EBhaMdement of
e fovea. The neuronal transfer process is subject to
the ragnlatéon ofi telgseomn syders e Theid aguadpion ogs giat rhw@relea tyaygfront from
the st QDA} v&a!l e§tr&%§l§ ﬂa-Jt_ha%dGﬁfl ];16 %e&{] 59 Qrfectlo%u r\%ﬂ?“ %lés %nf? R a%%ﬂtan visual
essed as A functron of & spat éﬁ é%

systaetwafeﬁenaztbeaiatléﬁﬁqabebmu&ﬁectﬁd dt tte dx@tnsaf tHEBQEF at hlgh spatlal
retinal_illum nance, and the | ocation of the poi

frequqngiop o FBa it IRWEERRisat repefutipnamay Re acceptablate aewiorich an OTE of the

humBH Rishal s gggﬁle[ Qtrl ekl B 10@%13&&81' ?eg@énc%@sdt{daatﬁ@ that is
aperture per rAnce may I ned by an aperture

diffrhdtatn lumuedmdlwsafoe atftve (hﬂalhﬂﬂy)dlmﬁetbﬂseék reetwhrall s hegeavelength of

lioh fW{ttht th OTF of the conbined optical system

ight, Arg &, 4 thg PEm a‘é(r?é’?tt‘ﬁﬁe has a peak val ue of contrast
at a spatl al frequency that matches the peak of the

[01 Ghyoh A b &sdbaed krdifRictsRthe dAtdnbOY& N cbhe center of the
c romatrcrty of the viewed i mage may affect the

aperpug¢ and Baontip avepidenystha oeBrPakaf ﬁﬂem@ép&lémstqmamct gpowed that

this éalt]rgme{e? %oeu Eé Eg Igﬁtcfl OSHr ﬁg}?ol(\)flg e étglgot Egn%gnﬁ %Vltﬁtﬁﬁtsaffe?ﬁrﬁ% h'e net

0pt1¢alﬂﬁgﬁ’snﬁlbtﬁbﬁ bftha ﬁdtvbﬁr@ntﬂlﬁbﬁﬁlh the apbreurdCSKEso, [tﬁd @@dmetry of the inner
D fferent vari abl es ma%ube used to change

cdgqpiithe prfitiEecar fuEherapedul e e GHF OEQ@@trencemusﬂ gk thya cnhance the
OT he ?}Fe 1%%\%%?’ nfid gpa%'al?f?z(}u%ﬁ [Ridd lEl,V%{l ggﬁetﬁlé w1tH %@ﬁ)rchpgr low
ects of an annu ure, rtures
ordeh a'tve&ramnhs mpY deghit ifioal a msﬂesnthmpecdﬁé é@e@ebnk;rme ﬁemgned either
nd vari ations perture size

mdltglg fyatfv {)qﬁror%feb?ﬁt Birtigya s ﬂtrléagegroan TAmpLey rﬁatlent with

astignRGR AxAbd fi¥ed WRA AVERK "ﬂ§at Lhe h@@eeeﬁt élﬁﬁné&? %a%@sﬁﬁh tR rmnor axis
Si ze. However, the total MIF of the combi ned eye and

of thepdirse neteyeg dmabtignarigraadienf thi pHichhcindhis edscafferdeptheof focus is

: . |, the in t. of tinal, i
iner & prel oG oBiot i FrecT R SRR s B 56’ St hB8RGs gy be able
to ac@nd%‘o@fmtuﬁﬁﬁsmﬁ%kﬁ‘g/atsbh&‘tdapbdﬂfectlbﬂ eTR b@mhdryodnd optical

di ffraction may overcone fr%o& tive effect due to

trangpRgoe eh?erﬂter@rwt pethgepten edﬁe qfitles eperfugel (o armgutey plesstug) may be
dem%rﬁe'a% n?ﬂ%lu ;éﬁftey%'}?ﬁffmoygomgg ﬁ%g hin an aperture:

rcar a erence cause at a point
Wi thin the aperture as a function of location (i.e.,
[0124] st aind&uyfonamd btter pitpinbindcay woelytphaseameblitide aziation bjross the
and its o trans ssion. For a't d| nmensj onal
puplﬁaerétps%re@tﬂf ﬁ%@oaﬁarwt by HENG pHiTersdgs ey Pk icglmique, first

prop@?&f:%} (PﬁﬂlcﬁlnatﬂfD&ﬂﬁer? pWh‘fl@'suf‘tef‘tﬁ‘@ﬁﬁ‘la? étoﬁalesdggﬁ&\ﬁ'og§§{tcmés

a pu apodi zat1 on” function, as shown in uation
telescopesathede. devpnesolydines edningt reacihbsbq glaptedeo tlamice dewwse such as those
d di nﬂ;sional aperture in another plane, since the

escg.bg P

[0128] To achieve some of the features and benefits described herein, it may be
preferable to incorporate a dynamic aperture and/or apodization mask into a device that may

be fixed relative to the pupil. Examples of such devices include 100s, 10Ls, corneal inlays,
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may be projected onto a plane orthogonal to the optic
axis of the eye. dinical benefits of this approach
whaooe/1bisen reported in, for exanple;-Applegat-ePCRAUSHINI/037544-- ~
al, " Aberrations and Visual performance, Part I,
and @phed ahlagndOteuwak the affecs df thevileyianiiyy Rr edecedeat eﬁmirtdueai or the

dev1¥%1\é1%{§ g\rf]etaéglclgpn l‘r]ai)iq %ﬁeocggn H{?prlw%r%%{?%elvsl%lgf ﬁ" Epgtsgoeme eatures described
herefPiRbY Batcs@esphibldToPRBshbfalof MG A6ESes! A doWt fddih Bilked relative to
frequency MIF at the expense of the high spatia
the weaserlrepupyl, sahupe sontct lprsesmiEl snga@clicdenses. t he eye. In
effect, the aperture functions as a | ow band pass
[ﬂllﬁﬁﬁ;kwgﬂg 11?11%&5 ey a[ndI ﬂr&%&ﬂy §f{e?§1‘?e§te|§f$°&u§§%&§ Ig)]fr tgig i [eﬂﬁén have been

descsibed In drftall\ﬂ'd?elﬁmﬂ 1%%@1111&&1@1@0@11& vl 1116@1‘[1@% cbrht&pfs&héwlﬁd otherwise
i mage enables the OTF to better match t he NCSF o

Vaﬂwév erpRoqicdeafidian gy sdepitd BaHS 2appRRded Plﬁgrlw@ éntaru’&rilt? 96 construed
e visual confort

0 1n@fuéi b 91# su b}lgll(l:st F%%gg%gﬁ%ﬁgd }(5)93%\/ ?&Bgﬁﬁ [0125] The pupil
apodi zati on descri bed by Guyon and others relates to
enhancenent of the resolution of a tel escope system
Their assunption was that the energing wavefront from
the star was extrenely flat, and in no need of
correction. \Wen designing for a human visual system
wavef ront aberrations may be corrected at the expense
of the OIF at high spatial frequencies. That is, a
| ower optical resolution my be acceptable to approach
an OTF of the human visual systemthat is peaked at
mdto |ow spatial frequencies, and a PSF that is
diffraction limted at least for a few (1-3) Ary
di aneters (I /d, when | is the wavelength of I|ight,
and d is the pupillary aperture). [0126] Guyon al so
investigated the effect of the distance between the
center of the aperture and the optic axis of the
systemon the PSF of the optical system and showed
that this paranmeter could be optimzed to provide an
opti mum PSF wi t hout affecting the net optica
transm ssion of the wavefront through the aperture.
Al so, the geonetry of the inner edge of the aperture
can further nodul ate the OIF of the entrance pupil
and thus enhance the OTF of the eye in lowto md
spatial frequency region. Even patients with defocus
or |l ow order aberrations nmay benefit froma mask with
speci fic edge geonetries designed either individually
for each, or for that particular type of vision error.
For exanple, a patient with astigmatismmy be fitted
wth a mask that will have an elliptical shape, with
the minor axis of the ellipse nmatching the astigmatic
axis of the patient. In this case, the depth of focus
is increased preferentially along the direction of the
astigmatic axis. Such a patient may be able to achieve
opti mum vi si on using a spherical correction,. The
geonetry and optica
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transm ssion characteristics of the outer edge of the
aperture (for an annul ar aperture) may be designed to

worRewises t he effect of diffraction fromthi s BCES2009/037544
[0127] In Guyon and ot her astronom cal work, phase

VVHgggEQﬁ;%ﬁgggﬁgation across the pupillary aperture has
y using mrrors (e.g., the PlIAA
techni que, first proposed by Guyon and Doddier). Wile
suitable for larger-scale applications such as
t el escopes, . t hese design solutions canngt readily be . .

L. adéﬁ‘t@g‘ﬁ?ﬁm’fl Jémcegr berugIly & HenehsaKpbMalmis devsé gomprising
hepghPertlr8128] To achieve sone of the features and
benefits described herein, it may be preferable to
i nepepphrcatlecgiodlynam ¢ aperture and/ or apodi zati on mask

i nt devi ce .t ha be.fixed relative to .the pupil.

e st B G e ising Cutadht PRt Bubigpfizbiccond
trandpatcAY Sle@fsHeCdRSpASa] o HRYSrst tgﬂﬁﬁz_[r%t%%cttﬂaﬁe;ef fects of

the device may be reduced or elimnated, or the device

mayn Riggeo-aptiverldessidisppbasl etweantthe fArst kleciieds-and the sdcondplectrode,

hus, .some features descri herein nay be |ess . Lo
the g EpcsR OB PR O SRR el o0 bR R of i

I eRhicreid b€ ApdrRir@bioviict @ hidher weahassich @Ufhk thad Weid paipheral

.contact | enses and spectacle | enses. [0129] Wile
region;;adt r ati ve and presently preferred enbodi nents of

t he i [ - e j i [ j i

o R I R b IC o8 o8 ey el o
sensot, bebwthse vari ously enbodi ed and enpl oyed, and that

t he appended clains are intended to be construed to

i ncl ude such variations, except as limted by the
2. priTae davite YW Minl § WhotdilvRR dpfficalltranAmisftdfahiai apei@éiicadjustable

to be worn by a wearer,. said ophthal mc device
by Way b RicentEfler ahscap®y Pib®L. a peripheral region; a first

transparent el ectrode conprising a plurality of pixe

regi ons and_a second transparent el ectrode disposed o
3. ov &he fpece o deint Fanfgselp dh ondicaliransagssiogrpf said peripheral region is

- - i,V r, di etween the first

a@u@%@%&&%g@%%hé%? gMgé%%%%ggﬁggrpbde, the el ectr-active

| ayer conprising a material allowng for a variable

tr 1.SSI f i ght.. erein id. rt rovid
4o SRR Po@ln LoPBein ol FRlihi SRS R reater han
the opgighlafins@aingionEsgid petipiersliagenand size of the aperture

is adjustable by way of a controller, a sensor, or

both. 2. The device of claim1, wherein the optica
5. tr ansdbwist efclein saikbréipeld shape bSthadperairaly £1jkxyabié@dp s@hpes other

a controller, a sensor, or both.
than a circle.

6. The device of claim 1, wherein each of the plurality of pixel regions is individually
addressable.
7. The device of claim 1, 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.

8. The device of claim 7, wherein the aperture is configurable to an arbitrary shape.
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3. The device of claim1l, wherein the optica
transm ssion of said peripheral region is adjustable
whomay’sed a controller, a sensor,--or--bot-h.---4.-PATIES2009/037544-- ~
device of claim1l, wherein the optical transm ssion of
9. sailtic dpert of dains7 grieatiethd dpertutdreapht pasatiorted aclstivestsithmline of
of .sai d fﬁ» Eheral region. 5. The device of claim1,

sighfpfei Beho Y&Pe of the aperture is adjustable to
shapes ot her than a circle. 6. The device of claim1,

ei.n eac Iurallt el re SRS :
g Aaiss P€Cl tp éhe ape ‘F]F?em%é@? EBOY HORfi5F the dovice has
bemmﬁﬁhgaﬂy&gggghggallty of pixel regions defines a
'urality of piXels in the electro-active |ayer, and
mhereln the transparency of the plurality of pixels is
al [
11. deglﬁcé: gp%f Bf)a{?l%{ %,%ﬁ;g? éllfeﬁ&[vac% is Hjeeref%Flsn% Wo-ll—rﬁ%mocularly by the
weaconfi gurable to an arbitrary shape 9. The device of
claim7, wherein the aperture may be positioned
relative to the line of sight of a user of the device.
12. 10Thddevidevi deinof, vehatimtles domieerie capableeofapaedtingehighey obder
rep OS|%|oned after the device has been applied to the
aberfpdiops @ g &vearel s iy devi ce of claim 1, wherein the
device is capable of being worn binocularly by the
wearer. 12. The device of claim1, wherein the device

3.5 T@aﬂa‘ﬁ%o%‘ﬂa@b}’r"é‘%ﬁf‘i’lﬁéh%k‘qﬁérls singble of sentreliing fightghat is
focu&ibeo%‘flﬁ@rr&!] Vi Sk Qer 43 The device of claim 1,

eV|ce I's capabl e of controlllng Ilght
that is focused on the retina of the wearer's eye. 14.

14. Th q“hg 8&1{9%0195 al‘ﬁ{ ?Wﬂler]elw g'v&brl{nég% VoL ep{%e ist fgxed in

eV|ce 'S sitron relative
posﬁldileml\aiﬁzleeds tie waeapdr’s pubd. An opht hal mi ¢ devi ce
conpri sing: an apodi zati on nmask conprising an
el ectro-active, transparent substrate; wherein the

15. subsitdphtialhrsdcaicelcemptisiape optical transm ssion
prop;&éy that is alterable by electrical activation.
16an @é\@né@SBPO@mﬁlﬁg 5 clepiip-pREYe, HAnPATCS! Hpstate;

dy %g}e(fn ﬂl%%{lf) % Gt 1l OBl trgflsrﬁlsﬁbﬁhllofbhe thiat It AL J‘tferable by

| east one t of the aperture an
ebcﬁh@x&pemhure IS opt|n1zed accordlng to a nodul ation
transfer function of the wearer's eye

16.  The device of claim 15, further comprising a dynamic aperture.

17.  The device of claim 16, wherein at least one the shape of the aperture and the size of

the aperture is optimized according to a modulation transfer function of the wearer’s eye
18.  The device of claim 16, wherein the geometry of the aperture is remotely adjustable.

19.  The device of claim 15, wherein the at least one optical transmission property is the

index of refraction of the substrate.

20.  The device of claim 15, wherein the at least one optical transmission property is at
least one of the transmitted amplitude and the transmitted phase of light transmitted by the

substrate.
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18. The device of claim 16, wherein the geonetry of
the aperture is renotely adjustable. 19. The device of
W@L@pim7586 wherein the at | east one--eptieal-----PCT/US2009/037544-- -
transm ssion property is the index of refraction of
21. t h@hs dbgte af dainP?0, wWitvecinl ¢hel apedihtiad mhsh frbyidehe pledsn andhemplitude

| east .on tran sion ert s at | east
profl,asG oA N St et AT Tode afa v dtandeiie BGR leve
rang@hase of light transmtted by the substrate 2 1. The
deV|ce of claim 20, wherein the apodi zati on mask
provi des a phase and anplitude profile associated with
22. @ TREUBALe bIBGE MI&HctHn ftl{érlng&s(;ﬁ@ff@ctl‘éh%f AU AbstRfle in the visual
ambi ent |ight |'evél range. 22. The device of claim 19,
specivinay diangdshy 4t haietd. bilmt&atﬁpoalcﬁlfrc@mcatbﬁctt\haosu bstrate in
the visual spectrum changes by at least 0.1 units upon
el ectrical activation. 23. The device of claim 22,
23. whdhedevithef dulosi?, atteran ﬁp:rdubﬂsatacdrhmﬁﬂ'ed adiqyi;itca{jlstal layer, and the
. ., layer, and e index .of refraction.of the.sub
inde Y G han pl Mg PURTRCOS P SiEb e DRl SHicgh aqgtg B Rt Fysal
layegrystal layer. 24. The device of claim23, wherein the
liquid crystal |ayer conprises a guest-host m xture.
25. The device of claim 23, wherein the liquid crystal
| a T
R R g eyl e T YNGR PR vest-host
mixtaddr essabl e over an area of at |east about 0.25 m®
wi t hout affecting the response of adjacent material.
27. The device of claim 23, further conprising a
25. coifatleviczefdclaion? 3, ovHeesin deedajplicecrybtablayeniahomggamabud. pl e
segnents of the liquid crystal |ayer. 28. The device
of claim 23, wherein the controller is enbedded into
26. t h&@hodbtibabftlgind2divderci he lﬂ‘m&i cdevtarlayafis eleetricnlB3addressable
wherein the controller,is con gure to activate
overg@gtieRTet {5t00uE §- &7 HTY Githey iﬁ?ﬂlﬁé cgesPoRp Rt ddppgent material.
nmodul ates the anplitude, the phase or both the
ngjltude and the phase of light is transmtted
27. t nddagpvienel dum £ g compriapg agpmpuigsiged eqniiollgr ¢apable of
T m 15, wherein the
a““§e§$ggﬂé@§8%%&%ts&ﬁ?gﬁﬁ@ﬁgngg?gﬁggl|y inplanted in a
user's eye. 31. The device of claim1l5 wherein, when
o ¢ . . o 0 '
28. er[‘g H¥v1é‘ &F@%e %Vsé‘g{hgegéifﬂ% Joﬁer%rﬁs %’}%%%&SEP Etgp ?nlz?écéﬂh?ﬁhlmlc
dewd@V|ce, conpri si ng:

29.  The device of claim 23, wherein the controller is configured to activate segments in a
pattern corresponding to a mask that modulates the amplitude, the phase or both the
amplitude and the phase of light is transmitted through the device into the eye of a user fitted

with the device.

30.  The device of claim 15, wherein the device is capable of being surgically implanted in
a user’s eye.
31.  The device of claim 15 wherein, when worn by a wearer, the substrate is fixed in

position relative to the wearer’s pupil.
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an apodi zation mask conprising a transparent
substrate; wherein the substrate has at a refractive
wo pes1g@di ent of at | east 0.01 uni-tstam-i-n--abCT/E8RD/037544-- ~
one neridian. 33. The device of claim 32, wherein the
32. r efAnagpththadmicrideice gromgirantg: does not affect the |evel of
def ocus,.for 1i Pt transm tted through the mask. 34.
Théa™ gt 10811“% SPRPEYNE £ PP SWBIRSE ng a dynanmi ¢
apQheki€the3abstrhfenAaY b 6&rRlivE IbzBdlicnVbesteéddt @01 LRASHm in at
one the shape of the aperture and the size of the
leastogmermerrdsar.s optim zed according to a nodul ati on
transfer function of the wearer's eye 36. The device
of claim 34, wherein the geonetry of the aperture is
33. r effibt dbyicadf dsimabl,evhedin thifrefra@nicardaafgradientogenot affect the level
erein,. en t he  device,is rn by a wearer, the
of B rp R e En PTG TR LrerR felat fve 1ot he
wearer's pupil. 38. An ophthal mc device conprising: a
sufst r.at.e; i qui rystal .|ayer, capable of altering
4. ¢ hd g g p i S RoBpris AL SasGAEE 5 Tbout 3006 -
99% upon el ectrical activation. 39. The device of
cl ai m 38, rein the liquid crystal |ayer conprises. a .
35. guﬁ‘é}? IRyt ggﬁm?‘éw in Fhisa S0F e BRP N aggre and the size of
i he: : ,
the HRRUGIDoRTRizp! HLGRIFL LR BB i BAHITRARRERUT, wikber's eve
| ayer is electrically addressable over an area of at
| e . i - i r:
36. aa e SRER daAr MM IR oo B ST MR L SRARASE bl
conprising a conmputerized controller capable of
At . py ¢ I | '
37. 7oy oY B0, B ERERATRALT i P WO 8 £RERER e substrate i
fixed Opasaldnatlatise wtheddedr’s pupilt he opht hal m ¢ devi ce. 44.
The device of claim43, wherein the controller is
configured to activate segnents in a pattern
38. commashanthiRdichRe@ofPakinghat nodul ates the anplitude,
the phase or both the anplitude and the phase of |ight
i sathRYSHtted through the device into the eye of a

user;: fiit ' ' o i ee of '
e S e B A
about 30% 1 9986 apen dbctacaleatiestiond6. The device of claim 38

wherei n, when the device worn by a wearer, the
substrate is

39.  The device of claim 38, wherein the liquid crystal layer comprises a guest-host
mixture.

40.  The device of claim 38, wherein the liquid crystal layer is homogeneous.

41.  The device of claim 38, wherein the liquid crystal layer is electrically addressable

over an area of at least about 0.25 um” without affecting the response of adjacent material.

42.  The device of claim 41, further comprising a computerized controller capable of

activating multiple segments of the liquid crystal layer.

43.  The device of claim 42, wherein the controller is embedded into the ophthalmic

device.
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fixed in position relative to the wearer's pupil.
WO 2009/117506 e s —~=----PCT/US2009/037544 -~ ~

44.  The device of claim 43, wherein the controller is configured to activate segments in a
pattern corresponding to a mask that modulates the amplitude, the phase or both the
amplitude and the phase of light is transmitted through the device into the eye of a user fitted

with the device.

45.  The device of claim 38, wherein the device is capable of being implanted into the eye
of a wearer.
46.  The device of claim 38 wherein, when the device worn by a wearer, the substrate is

fixed in position relative to the wearer’s pupil.

43



