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CROSS- REFERENCES TO RELATED APPLI CATI ONS 100011This application clainms the
benefit of U S. Serial No. 61/037,351 filed on March 518, 2008 and U. S.
Serial No. 61/060,291 filed on June 10, 2008, each of which is incorporated

by reference iwoib®nenbd rety. BACKGROUND OF THE | NVENTI ONrhgbdde@Fs44 he
I nvention 10[ 00021The present invention relates to an intraocular optic, an
intraocular lens, a corneal inlay, and a corneal onlay. Morre specifically,

the present invention r eIA%@gN&ED%Jﬂ%%(?_%%ﬁrE (99“61){39%& ntraocul ar | ens,

a corneal inlay, and a corneal onlay ng an apodi zati on mask and/or a
dynam c aperture for increasing depth of field. The nask and/or aperture

may be in optical communi i or integral with an ophthalmc |lens that at
| east partially correct séfgg‘ﬁ%gg%%ﬂw %é{IE_LérTIEQrAW%&él”CW%_er aberrations
such as myopi i&ﬂOlhypGI‘%Q@d@iicalﬁ&gblhi&{s u@%h@ﬁgﬁUsn}ge;-@nﬂo.psn%;ﬂ,m?ﬁ@a oA a
non-conventi o rr uch_ as r .order aberrations) of a user's eye.
Descri pti o% O&?%%O(gi “ﬁgpact( g&‘%ﬁf"@%@@%#ﬁ@? an 46 v Ohrspdrof edidiit i ons t hat

af fect an i ndinvdrphsabd By @Rirdnid y isendrogus on tear 20and internedi ate di stance
obj ects: presbyopia and aphakia. Presbyopia is the | oss of accommodati on of

the crystalline I ens of the human eye that often acconpanies aging. In a
presbyopi ¢ individual, this |paskoRoanNmorgs INVENTIONt results in an
inability to giqgugthoﬂ near distance objects and later results in an
inability to To¢ds™oM FHi%r nedi ate di stance objects. It is estimted that
there are approximately 90 mllion to 100 mllion presbyopes in the United
255t at es. I0oriPeRRi de, Theprdset estitivateédedthat intrheuir apte, apptraxilaste] ycdud]
bill'ion preshyqbe ) I | nce. of crystalline |ens of the
eye, usually %ug’ ? %aéﬁrlg&:f%igf),‘ &@%ﬁ’gﬁﬁgﬁly ictﬁcg& 8%%%5‘5% lg%ﬁ:%tgeérmyén TS aphaki c
i ndi vi dual , taméc.ahsencelofensheoveyisilal, kidecdrgnbordagusesy an godphienendsoss of
acconmmodat i on,bAat 4 heSH L84l lnapi kLY o f n ejther near,or

i nt er medi at e I?‘st an)(r?e Qbé]tp_gltt:t%rgfc}?&g{rea%% &eb?hé)gﬁ?lgaﬁﬁ%ﬁl? %oaggﬁgl, PSR AEY VF dual
will get cat ®pheal sommhuheatioBor iptegisheith inpbthkloniglcantbetghleadrpartilbravoeas a nost

i ndi vi duafss WohinGahALAS VS wiM Jrbder BAVE: L - atl.on : gint in
their lives. It ins es_tllﬁjngt \gﬁ‘ tr(%%t 5p%®3§%€ glcy%p I%H]%B %IB]% 1%19 %aég%?%‘r%g@ i
surgeri es ar énpaieshyppringientad-senientipind clgri(sust aShighea grder ANDTations) of a user's
2009/ 117506- RCI/ US2009/ 037544 -

Description of the Related Art

[0003] There are two major conditions that affect an individual's ability to focus on near

20 and intermediate distance objects: presbyopia and aphakia. Presbyopia is the loss of
accommodation of the crystalline lens of the human eye that often accompanies aging. Ina
presbyopic individual, this loss of accommodation first results in an inability to focus on near
distance objects and later results in an inability to focus on intermediate distance objects. It is
estimated that there are approximately 90 million to 100 million presbyopes in the United

25 States. Worldwide, it is estimated that there arc approximately 1.6 billion presbyopes.
Aphakia 1s the absence of the crystalline lens of the eye, usually due to surgical removat
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

30 orshe 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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[ 0004] The standard tools for correcting presbyopia are readi ng gl asses,

mul tifocal ophthal mc |enses, and nonocular fit contact |enses. Reading

gl asses have a single optical power for correcting near distance focusing
problems. A multi focal lens is a lens that has nore than one focal |ength
(i.e., optical wepawern)shor correcting focusing probl ens agicgsas@drange of
di stances. Multifocal tenses are used in eyegl asses, contact tenses,
corneal inl ayﬁl()ﬁztjor ne}azl st(mmhalyﬁ!,b famdnbdmhg pediybair aﬂcemle@ g,(d]‘;ﬂl&,ﬁl)u ufMH]tl focal
ophthal m ¢ tens

Pogi ons of i PPERHE it wdrepougr SCe R T FEe A Sae i SRR Ced o
conti nuous supdvacés cb;lmtmg‘;ﬂicead]aaxm@ mCumg)lusblam i /&&iultﬁmlelmsam icns dat has
Progressive Addrlett%on L? SPAL r nat %/ % {m%g enses may be
conpri sed of 4 SEHRETRESHLTE: ?foé’é%“ pf’%%{ o PR %Ltsdﬁtp Or?LFb“& U8B cal
power as if biahgosldstatest Muﬁtcfﬁcal lsmcMm@mdluaasycfgiatsc@oasrtta:ctcndcegmslelsa arlgysf wo

contact |enses haV| ng diff rent ont act f or
correcting m&¥is ¢ "é‘g cfbpgfngﬁ%cé‘af %E f@é“ﬁ%ﬁ %ﬁ% Ogﬁgﬁ’fﬂﬁe}m@% E@%Wt@?}?t | ens
is for correctfiafjvisrossi the Rearardiist apoas bLGHatNpiadhdvens .M{IGDEE Jchkd may
f;ggdi‘gg f t ool b(’f C%Iﬁgﬁge%r ?C(éultl\lr/}?osulﬁ gur{%cc)ffja%hat Fied FO(@QInru(fau%%lﬁlJ[% ]Eolwleeggs i(} lagfc}g'i'esﬁvcg st
non- accommdaAdmgonaImrls Momltahawge intisifoopit! er(sad mpowebmphscs eEdndotinupes of |1 OL
isS an acc its focu Y exanpl e
onl v, contl eodrer el Tt dai R EaE bk ERRRIS N Wl Bell &

conbi nati on odontahtdcxabnvetwotkmhaw azsmhylvmg giffehrart cm}mml@ow(ad Oye wsiangdem isfongl e
vision IOL in_on ocal t he .ot her
eve, Cor any catBrRsl B BB o0 OuR A P T L h A P b il

bei ng used tanmwmeeutdispﬁmecsiby@plga:ob@m approach is a conical inlay that

provides a small, fixed dianmeter aperture. By way of exanple only, the ACT
7000 cor neal ['Oms?y nﬁ@%taﬁ&ar&‘(&]ﬁgp%rchﬁ} %Bﬁk%k gﬁiﬂﬁd%u@r @nsrml)n Arargper. 10
jan thick, and contains an opaque annulus wt di anet er

transpar ekt oféRFry: simgh $siopeinnHgoagd {QL thet &6éaUé@Otnﬁ@dwératwtﬁaénwhatnﬁ@ﬂﬁuman

eye to a Sna'dp%f:ai%b@émt@@ccﬁ)mg Mabmbsan%\‘éwrﬂ@dahyg rRihhavablie: Rynbhggnat ur al
constriction of t epupll % is well known in the art, Ilmtlngthe

di aneter of tif&eH Wwféwviféﬂnlwﬁin@&r“@ygfféwrl?*h@F@%@gl Repding it s dept h
of field. Deptddn®fnafibieddnd @boc&%ﬁkmasanﬁmﬁb&r@a&dw @%Idltsh%mxnﬂoﬂlhﬂ,@bl ect

pl ane that appears to be. in focus on t elmag | ane. hough an opti cal
system can orfl% eb"‘r%\%“d’@ml‘%?a[ Ph@c‘ﬂ‘ﬁ‘@%qaé‘%g Kocit h‘b‘?th%ﬁy%ﬁf By rcowpPingtps “f“’-'é??él

di stance, in a system30with increased depth of field, the decrease in

shar pnessz2ton [eddsher fsl'tadelmfppiohelci ocako tiisd aad e doscgmaadmbia Tl)hea@fa@mbisd
within the depth of, f r roduc 0 n

N or Cept bi ottt b St Pl e P SRR B b7 of AR RuRe

i ncrease deptACIoiN08 ceheh! bayayeﬂladabylatmmguﬁt a;b;e@ematalyﬁdirmmomdaemetbﬂqeo lunght rays
V\/mch make a r 0 9/1 6 PCT/ 9/0 544
| ens' s opti ca{“%é%ﬁ%g? %‘16?15-&“ OPa(B? nufu”“\i{n}? rzlaégsjm mdm’ f# al° ”g]ﬁ*n hr’bays are
only sharpl y dpoousads to reduce the aperture ofthe human eye to asmallm dldmetet than what is

25 normally achievable by the natural constriction of the pupil.

[0007] As is well known in the art, limiting the diameter of the aperture of an optical
system increases the system's depth of ficld. Depth of ficld is the distance in front of and
behind the object plane that appcars to be in focus 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
30 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 1mage 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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when originating fromobjects |ocated at the focal distance. For objects

| ocated at ot her distances, non-paraxial |ight rays have the highest
deviation fromthe i mage plane. By elimnating non-paraxial |ight rays, the
deviation fromthe image plane is mnimzed and 50bjects |located within a
fixed di st ancew@fdongshocal distance (i. e., within the qgﬁk@ﬂ@&oﬁkgld)
appear in focus. [0008] The snmal|l aperture counteracts sone of the effects

of presbyopiacbyumﬂaahhmgmapMamgHQﬁﬁaﬂgeN&fpdhﬁiamﬁﬁswmhﬁh)ampﬁﬁxhbﬂedOCUS
and al |l ows preﬁ y es.to coqaucH n%ﬁ |on t ask mntho t t Eed for
mul ti focal ARG AR PY RO Fals b e ‘*Fﬁled%@w 66@‘”?"%‘ ﬁh‘?f 2t ur ed
from bi o- conpéittulblke naapaeamali@ht\m}@%vd}p& lugiadst @Kxﬁﬁ@diﬁ@rﬁ&e&h@bcsﬂa@blgy such as

ponV|nyIdene fl.uoride or - hydr o m cr oporous perfl quroethe
b xanl e onf P HAgE SER G e, TG BT AT HIe PG oy e i s

refracti ves opslij@alloqaoserithirsa o @diandcQOAR][dhedidemicqe uswirian teakpth Bf fYd) S
desi gned to reduce ﬁhe anmount of |ight which reaches the retina.

Addi ti onal Iy, *¥RE™NFYy is usually only be inplanted in one eye as

15del eterious optical effects such as hal os, doubling of vision, |ight
scattering, ¢itdesd, |TBesoefl amuutercastttels@mhtcioﬁiﬂe)cffeaM@ﬂmbyO@dLb@tcie(amgjef l'i ght

hitting the rlgié’t(’{-}%n% ocfd& cegq}%ﬁ :{“ﬂl fIRY dqg ;1] asfp‘%&B Oé)gs {is] el (111& nedl A slory ay I's

inplanted in I'ous e si ze of
the inlay's dﬁéﬁmmreﬂdmdwgtﬁrmd@ﬁmwmnmhustumcmébamMﬁnTmDﬁehémswze of t he

pupi | . Thgse Tﬁmu@d%medefﬁqg?gb% aBfGHHierfils Jg& nveﬁgvoptm@%s ﬂ%‘% Qucg gles.

20[ 0010] Anot her "appr oac rrecti ng pres cor neal ractive
surgery in mhk@hmbﬁanQQHMsocmmﬂeéwedrmopp¢amuﬁﬁkmam¢e;amﬂﬁxﬁéxtheomeye is

corrected foryneal OQ&eStB?‘?fag is AMAQY 0/?%1.{1%%%0%& fs | %e%a&w% ‘8{3&%@ owef! s%)(fc} hat

provides a multifocal t using active optics
[ 0011] However, each of these approaches for correcting presbyopla and/ or
aphaki a has J8M%hwbadiediculycugeipcabinlay srfissigpediipegacedbaipneie liahevidr e sever e

than others. EQhca¥SFRAE, AdMRIchALS PRGHACK Bs@NEWRALe InDlm@RADLE 9 acOorrecting
one's visjon for far, near and internedi ate distances, this approach

requires Vkaﬁkﬁ&”ﬁwﬁ§WF%§ﬂ?%%%wﬁ@%@?‘ V”%Fﬁﬁ%@ﬁéﬂ§iWQFUP&@“&bﬁéa?%nce

Al'so, in Somoﬁlaﬁﬁﬁnmﬁﬁfyt aidnor paadtich @ BiH ANSESHEORYINLAUER ofdALand S8 bk O
per cei ve dlstortlo o 30[ roaches for

eri ence verti
correcting pﬁ@?ﬁw% gﬁﬂ?%?”ﬁbhﬁWFﬁmﬁﬁh‘”?ﬁ@Pua@”%eggﬂsﬁs BecBdrt 4ed| enses

can cause d| S@Qﬁ‘ﬁcﬁctof&ﬁdnl@}a{hpﬁhﬁ@dtﬁ(ﬁ:ﬁ:‘dﬂuﬁCd MnO0LinQELafBN 6 theksize BRh®supiidoubl i ng
of vision, ipatterlqg; gjare ss . of cp Erast sensitivity, Ilnlted
esc § alfy octur di

range of f OC Gte pspeci at mght when the pupil dilates
20 {0010] Another approach for correcting presbyoptia is corneal refractive surgery in which
one eye is corrected for far distance and the other eye is corrected for near distance. Another
approach is a corneal inlay that provides a multifocal effect using diffractive optics, for

example.

{0011} However, each of these approaches for correcting presbyopia and/or aphakia has
25 drawbacks. Of course, some of these drawbacks are more severe than others. For example,
while spectacle eyewear is capable of 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.

30 [0012] Approaches for correcting presbyopia and/or aphakia that include the use of
confact lenses can cause discomfort and can also result in one or more of: halos, doubling of
vision, light scattering, glarc, loss of contrast sensitivity, limited range of focus, and/or
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WO 2009/ 117506PCT/ US2009/ 037544 reduction of light hitting the retina.
Approaches that include the use of IOUs can result in one or nore of: |ight
scattering, glare, halos, ghosting, |oss of contrast sensitivity, limted
range of focus, and/or reduction of light hitting the retina. [0013] These
drawbacks, or GRHAMs&ES to one's vision, can be very preb)&mBdiss
5espeC|aIIy by way of exanple only, when driving at night, driving in the
ra|OI n, ?r Worktaﬂ@:umﬂ%}iahg@o}ﬁ]fpmg@fc1etfﬁlae4§1§§)}@1l’cl&.\sttc:hﬁti@dct %&?‘E@ﬁﬂ"ﬁ&iﬁ ;{e@ulslu_%a% i or
node of correction presbyopi a an aki

TRVENTI 0N 107 G019 26 T RS T B e e as BB bt e g e an
aperture, a petcipherakediadnonligahftddaste kefiansparent el ectrode having a
plurality of pixel regions and a second transparent el ectrode di sposed over
the first tra re tr and an Iectro actlv LS osed

bet ween t he f@?gﬁ eptg H§%§u§%h°& ﬂwggg%ﬁ PIERIGE %fﬁay |B§ f0-active

| ayer i ncludi %gccaillmaltyemya:lf emajic aillsl, oven &rodingsat wighi, athieg hniaEnsim @& stooingodn
O The P eyl 8L A5 TR OP RS0 VL L) 0, B0 855000 5 T 051 oo

adj ust abl e. m@k$Mﬁ@@aof the aperture may be adjustable to various shapes
and di aneters, including shapes other than a circle, and the aperture may
be positioned relative to the line of sight of a user of the device. The
aperture al so may be repositioned after the device has been applied to the

user's eye. The device may bBRﬁHFﬁﬂBNﬁﬁﬁﬁﬂﬁﬁﬁWﬂb§@®ﬁé0§0mearer and may be
capabl e ofg cophpgti ng, &lh%ﬁﬁ;c Qé\g&ras @Q@xlﬁeﬂ%x‘éf?ﬁm&fm&% aW%f-‘?r,frﬁFc £ pdipRbQn.  Wien

worn, the device nm fixed %g03|t|on relati've he wearer's pupi
100151An opht'RgiPritd ﬁ@vv*@et‘e%t§leé@ mirpaele pleralibief el tuc@ielﬁwédaw%mm zation

mask COHStrUQR@QmR%Q&&ﬁBd@&%&k&ﬂw@ﬁh&M@tn&ﬂﬁﬁ§@é5&ﬂhc%H@é%&@%ﬁmdﬂ@%ﬁﬁlthe
substrate has at | east one optical transm ssion property that is alterable

by el ectri caldigetsdpapicenthe firsgclagiode tebheseeppdickesirodznthe BlaaTarasiydaY®r opert y

may be, for a¥anihes mhibSa iRdwRlfolBhLFANE 4 ABmALioA BBIBY bR BkEeeiBhs hii@e
anpl i t ude andﬁg phase of transmtted light. The device may include a

dynami ¢ ajper i duahpapdessplic shigpatich gensiisgioppt thpgresper he paPRer)! 'BYEOYHEF | ned

based on a gt Aty &md}u@@mf Bhc shbRcdriRnp&lard Ry VEAKBLLE (@ YRiouddiehd het
geonetry of the(ﬁgert be renotely adjustable. The apodi zati on mask

may provide &'APHEASMC r?h B?tﬂ“?iéhaﬁﬁé‘ﬁlea"’é‘ﬁéhwgé‘é? a’ﬁ%P‘? E%@@“‘iﬁir gpiyedo
30associ at ed i il oftsizRitdf Baker bNMAG BevideatTht ¥pebiie atlo $laq M6 epYdiSdr@d afedd ehean
anbient light, | evel ran
device has been ¢ %phcd to the user’s eye. The device may be worn binocularly by the
20 wearer, and may be capable of correcting higher order aberrations of the wearer’s vision.

When worn, the device may be fixed in position relative to the wearer’s pupil.

{6015] An ophthalmic device as described herein may include an apodization mask
constructed from an electro-active, transparent substrate, where the substrate has at least one
optical transmission property that is alterable by electrical activation, The adjustable optical
25  transmission property may be, for example, the index of refraction of the substrate, or the
amplitude and/or phase of transmitted light. The device may include a dynamic aperture,
where the shape and size of the aperture may be defined based on a modulation transfer
function of the wearcr’s eye, and the geometry of the aperturce may be remotely adiustable,
The apodization mask may provide a transmission profile, such as a phase/amplitude profile,
30 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,



When worn, the device may be fixed in position relative to the wearer's"
pupil. WD 2009/ 117506PCT/ US2009/ 037544 An opht hal m ¢ devi ce as
descri bed herein may include an apodi zati on mask having a transparent
substrate, where the substrate has at a refractive index gradient. The
device may i nclydg.aAynanm ¢ aperture which may be renntqk*ﬂ@ghyéﬁgple

When worn, the device may be fixed in position relative to the wearer's

pupil. 5 ARy PR DAlcic G e daMI SR LA A8S Gk Reddhar bd-AMBY mafic! ude a
substrate and a uid crystal |ayer capable of altering the optical
t ransni ssi on BW”EH ragRgicRE LIS ¥ r?Vcﬁﬁ”%ﬁﬁhﬁdBﬂ@@d“§9%ﬁﬁbﬁﬁm@FeE¥%|caI

activation. Theidnayi@dieEyahahid ayedre iith By Bk Xinladiethijusand. he,dew, eg my
i nclude a controller pabl e of activating segnments o# the liquid crystal

| ayer in a de$i VF@H”X@%EF?@PHWMVWéﬁaﬁﬁﬁ%&mfﬁ@“U%WPHe may be fixed in
position relative to the wearer's pupil. BRI EF DESCRI PTI ON OF THE DRAW NGS
[ 0016] Aspects and features of the invention will be understood and

appreci ated nore f ufP 9PthdmctdRE T B P rEpoaat Bry Baldes Pty B 2 liguid

conj uncti on Wirhdtal tdyer dap QU @SiterMyitedbpatL 1BQnidsQn bB&G Ak 8ee, iy 15Mubbitkey;
reference nunegé)s i ndi cate correspondi ng, anal ogous or _simlar elenents.
[0017] Fi gure 17°ShiRE clsctgry aghivarion | ﬁhBWdEYﬁ@dNFthhBﬁﬂh‘ V%mmF@U¥%FFlgure
2A shows an exipl iaded: Cdoassites eHLbIO aedcusdndg ségh@w«ts of thanq@h e6Lh0aReh MBsieliement
havi ng a ﬂynanlc aperture. 20%0019% qur g 2B shows a col |l apsed
cross- sect] on&feg) deeh et B derer BIGEEY Horopien & F@ﬁ%ﬁ?h%WwﬁPdﬁP%le
100201Fi gure 2C shows an expl oded cross-sectional side view of an el enent
havi ng an apodi zati on nask. i WS a coIIapsed
cross-sectional side vieM/o?kﬁﬁé%gggﬁéﬁﬁﬂggFai RABHDES

[0016]  Aspects and features of the invention will be understood and appreciated more

fully from the following detailed description in conjunction with the figures, which are not 1o

15 scale, in which like reference numerals indicate corresponding, analogous or simijar

clements.
[0017] Figure I shows a cross section of & healthy human eye.
[0018] Figure 2A shows an exploded cross-sectional side view of an ¢lectro-active

element having a dynamic aperture.

20 [0019] Figure 2B shows a collapsed cross-sectional side view of the electro-active

element of Figure 2A.

{0020] Figure 2C shows an exploded cross-sectional side vicew of an element having an

apodization mask,

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

25 2C.
[0022] Figure 3A shows a plurality of clectrode rings operabie for creating a dynarnic
aperture.
[0023] Figure 3B shows an example of a dynamic aperture having pixilated electrodes

operable for creating a dynamic aperture.



[0022) Figure 3A shows a plurality of electrode rings operable for creating
a dynam c aperture. [0023]Figure 3B shows an exanple of a dynam c aperture
havi ng pi xi |l ated el ectrodes operable for creating a dynam c aperture. WO
2009/ 117506- PCT/ US2009/ 037544- 10024] Fi gure 3C shows an exanpl e of a

dynam c apert uyg bauiAg pi xilated el ectrodes operable forpGrRakL MR
dynam c aperture. [0025] Figure 3D shows an exanple of a dynam c aperture

havi ng pi xi | atoeh|el eEkirodeshoORan aklne!d @r Gheat biguR HYRRPKGePedYIE-

5[ 00261Fi gure 4A &gws_ an expl oded cross-sectional side view of an

el ectro-acti v‘épe&’lbg HECaHa% T BgeR YA ¢ aperture. [0027] Figure 4B shows a

col | apsed cross-sectional s de view o he electro-active elenent of Figure

4A. [0028] Fi gi#fzs]5 sitigws 3B elwsrsah camiphngfensndrsic afertutrchaeng pixilackeclsduogs shown
in Figure 3A 1 onetric center of a dynam c aperture may be

her.gin the . C .G
repositi oned ?pgiag{cﬁi\:’femfagn% %gynéré"c‘)cr?@flpllr% center of one's pupil. [0029]Figure

6 shows a stack of five electro-active elements that may each be used for
t he di ff erent 0826 angéaents sisfwspi pgpleded ctopostesers hoduyidvnoffn gleceo-Bitive

[ 0030] Fi gur esy i HBin aaflﬁpjn% show.devi ces having a dynami c aperture which
are useful 15as a corteal inifa , or cortical onlay.

{0027] Figure 4B shows a collapsed cross-sectional side view of the electro-active

element of Figure 4A.

[0028] Figure 5 shows several arrangements of the electrode rings shown in Figure 3A
10 herein the geometric center of a dynamic aperture may be repositioned relative to the

geometric center of one's pupil.

[0029] Figure 6 shows a stack of five electro-active elements that may each be used for

the different arrangements of ring clectrodes shown in Figure 5.

[6030] Figures 7A, 7B, and 7C show devices having a dynamic aperture which arc useful

15  asacorneal inlay, or corncal onlay.

[0031] Figurc 8 shows an JOO located in an anterior chamber of an eye and in optical

communication with a healthy presbyopic crystalline lens.

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

communication with an IQL.

20 [0033] Figure 10 shows an 100 located in an anterior chamber of an eye and in optical

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

[0034] Figure {1 shows an 100 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 IQO Jocated ill a posterior chamber of an eye and ifl optical

25  communication with an 1QL.

[0036] Figure 13 shows an 101 having a dynamic aperture in the portion of the 101,

closest to the eye's pupil.



[ 0031] Figure 8 shows an 100 | ocated in an anterior chanber of an eye and in
optical communication with a healthy presbyopic crystalline |ens.

[ 0032] Figure 9 shows an 100 | ocated in an anterior chanmber of an eye and
i1l optical communication with an IOL. 20[0033] Figure 10 shows an 100

| ocated i n an \@pt@bhBkChanber of an eye and in optical ¢efEHRlEatkoLN W th
an | OL that corrects for far distance vision only. [0034] Figure 11 shows an

100 | ocated i{noEm antgid orshohaabern. labinan deyeniandriim iopt intdile Roafmstiieat i on
with an I QL t@t corrects for far distance vision and near distance vision.
[ 0035] Fi gure shows an 100 located ill a posterior chanber of an eye and
i1l optical 25communication with an JUL. [0036] Figure 13 shows an M,

havi ng a dyne{ﬁﬂ?@ apéﬁgtmt—ﬁﬂhnw& dOpdratinga dpfantiheett@k in GF pgbst oftte fhhe eye' s
pupil. WO 2009/1 ?}PgrfnySZOOQ/ 037544- [0037]Figure 14 shows an |1 QOL
having a dynam ¢ a er I'n the mddle portion of the 10L. [0038] Figure 15
shows an IO_ having a dynam c aperture in the portion of the |COL closest to
the eyes rletilA%91 5[ (0399 F Gaves wencshivls bavivondxamicianeaye Wavlithy a dynanic

aperture in %hh&aicammrymmy%swo&)n c@ysmﬁﬁllcmx presbyopic crystalline
| ens. [0040] Figure 17 shows a corneal inlay having a dynam c aperture in
optical {0040] Figure 17 shows a corncal inlay having a dynamic aperture in optical

communication with an 10L.,

[0041] Figure 18 shows that during the day, or in light, when a user's pupil is constricted,
[0 asensor senses the increase of light and a controtler may cause a dynamic aperture in an

electro-active element to constrict.

10042] Figure 19 shows that at night, or in darkness, when a user's pupil is dilated, a
sensor scnses darkness and a controller may cause a dynamic aperture in an electro-active

element to dilate or remain dilated.

15 [0043] Figure 20 shows the normal operation of a sensor and controller that have been
overridden in which a dynamic aperture in an electro-active element is constricted for near

distance tasks in dark lighting conditions even though a user's pupil is dilated.

10044] Figure 21 shows a folded optic or lens having one or more electro-active elements.

20 DETAILED DESCRIPTION OF THE INVENTION
[0045] As used herein, an electro-active element refers to a device with an optical
property that is alterable by the application of electrical energy. The alterable optical property
may be, for example, optical power, focal length, diffraction efficiency, depth of field, optical
transmittance, tinting, opacity, refractive index, chromatic dispersion, or & combination

25 thereof, An electro-active efernent 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 ¢lectro~-active material is contained within the substrates and cannot leak
out. One or more electrodes may be disposed on cach surface of the substrates that is in
contact with the electro-active material. The electro-active element may include a power

30 supply operably connccted fo & controlier. The controller may be operably connected to the

7



comuni cation with an 10L. [0041] Figure 18 shows that during the day, or in
| ight, when a user's pupil is constricted, 10a sensor senses the increase
of light and a controller may cause a dynami c aperture in an electro-active
el enent to constrict [0042[ Figure 19 shows that at night, or in darkness,

when a user's wopbdet8edi | ated, a sensor senses dar kness paiQisaea@pdsol | er
may cause a dynam c aperture in an clectro-active elenent to dilate or

remai n dil at edc,cub&[b(]h@%}/ E'rgcmlec,az&nsdfwm b el mfcmlnomtagck arcadf ofahcsensor

and controller t hat en overrid erture in an
el ectro-acti ve“ér’@eﬁew?@“ dccgécﬁ%(fnf%gt’ défplf‘ gjrto ﬂ’ewpeaﬂcf %C?’é{ﬁﬁ“éte{ %{g’ﬁ & r?Eg“ﬁr k

l'i ghting condiltdtods, by encitochatighnacri$esptisal puetty tnﬁym:izlatcﬂdrm [cﬂﬁrzﬂadﬂd, Fhgure 21
shows a fol de c a one_ or e ectr t|ve epent s.
20DETAI LED DE%EE%pCﬁlﬁ ﬁﬁy&i:ap?iféq Ki\‘“ré&ﬁ‘ 1{"661”%]‘%5 24" el tﬁ“d“aﬁ" eleKire-

el ect ro- act i vetied aeid!’s indbesRcli@tian devhCde tthmanz dhpxtgnfgahc qtiopeoiyt of hat i s
al terabl e by thoach atlon of electrical energy. The alterable optical
property nmay B ef e, optical power, focal length, diffraction

ef ficiency, depth of f|eId optical transmttance, tinting, opacity,
refractive i nd@46] chksmistircadivs pemgitony bormbeddohbitnabt onaciZ8tdvesgiafe of Am

el ectro-actiy, h%'aﬁﬂ?i%ﬁst{ff‘% 4n c‘fe% shideiad Alfg:%l&éw FURSE %Etﬁ;% %ﬁl‘énz%‘dy

el ectro- active materi spose betvveen the two 'su stra
substrat es nelie chdedded paitinanditashaldd 2 sofensimetihahich heaveibe@bmmakbt ove

material g %ﬂEaﬁgB\@%tNm'aﬂekgﬂ) SH0SLT: i%tl‘ﬁigfl&”adca&a%%km c?gé‘wé’%ﬂamen étrn .

nmore el ectrodes | sposed on eac surface of the substrates
i n contact mﬂﬁhﬂ9M@ﬂemeewm@mamﬁwménmaﬁé$maﬂmwﬁhéSﬁh@@ﬁﬂ@%@@@h@@*éb@ﬁ%nt may

include a powef sUR) ¥ Crollor
may be oper abl ym%%nﬁegiﬁg’e% BhAR e SO RERL A Qs BAN BBt alimaan

el ectrodes byciad "lshs"at @Utdleiflé‘aqﬁ peewne&wwm thap capgsl lighopneonrrerer éveret tlages

to each of the ﬁ&%@s@a@ﬂﬁé@f f%@ﬂg%kﬁﬁw br%%ay%%f%)éubc?m%@fﬂhétﬁg &Q the
el ectro-active material by wa e el ectrodes, the electro-active

materi al ' opemeapiqHtbpentt @flwaylabbc HINERE PNy TPt RSN @C ok susfagest Ai cal

energy is apphisechylve spifcs! @ﬁﬁ& ealaﬁ{slm\éﬁc R S4rhihati3¥ R O4 1&151%%@195&00(198
the clectro- 5active material's index of refraction may be altered, thereby

changi ng t he % prli‘ebglassguisiic. Srerppdasie Bseipdhexiapielssias @ramposite of glass and resin,

or a composite of different optical grade resins or plastics. It should be pointed out that
within the optical industry a device can be referred to as a lens even if it has zero optical

20 power (known as plano or no optical power). However, in this case, the lens is usually
referred to as a "plano lens". A lens may be either conventional or non-conventional. A
conventional lens corrects for conventional errors of the eye including lower order
aberrations such as myopia, hyperopia, presbyopia, and regular astigmatism. A non-
conventional lens corrects for non-conventional errors of the eye including higher order

25 aberrations that can be caused by ocular layer irregularities or abnormalities. The lens may be
a single focus lens or a multifocal lens such as a Progressive Addition Lens or a bifocal or
trifocal lens. Contrastingly, an "optic”, as used herein, has substantiaily no optical power and
is not capable of focusing light (either by refraction or diffraction). The term "refractive
error” may refer to either conventional or non-conventional errors of the eye. Tt should be

30 noted that redirecting light is not correcting a refractive error of the eye. Therefore,
redirecting light to a healthy portion of the retina, for example, is not correcting a refractive

crror of the cye.



[ 0046] The el ectro-active el ement may be enbedded within or attached to a

surface of an ophthalmc lens to forman electro-active |ens.

Alternatively, the electro-active el enent may be enbedded within or

attached to a surface of an optic which provides substantially no 10

opti cal power @ :@firms@n el ectro-active optic. In such apgas80ddiSs.y.

el ectro-active elenent may be in optical communication with an ophthal mc

| ens, but sep#f4ited Tox cB:ptaceﬁwaplaImént frra@ bt REatODk tlhdﬁle@rvadmm drba dfhvig:

ophthalnlc Ien ptical substrate or a lens
A "lens" is aﬁ?b egpggg%Pr%%? f@ﬂ”%ﬁp§?§évlégp{ R e T ﬁW&HV“ﬂ%’converge

or diverge (ﬂo&mmhmat%ﬂlﬁrmsmeaﬂﬁhbﬁ[ﬁﬁmﬁOﬁmsmﬁgmkmghﬂbmoﬂdbemﬁmmﬁMthﬁ

refractive or_diffra a 15 n n t hereof A lens

concave, convg§h°39“ﬁf§ﬁ§?I%ﬁﬂﬁﬁ@?gan%F ﬁ?&gﬁgcmﬂiwgﬁg$ﬁﬁvl%%“ﬁm
spheri cal ,5 cyombtied eah an @iticsivabstigie o@lfen@ conbi nation thereof. A lens may be
made of optical glass, plastic, thernoplastic resins, thernoset resins, a
conposi te of gyass f optical . grade
resins or pl a[StélézS %ﬂggu({ ﬁ§fo@aa%os@sggtgotm§g§ 13a?lh?[1urgcjn cy?}&ptl )s &Bltcp(im%(gll ot

i ndustry a déhﬁ@@l%@MWb@Sweﬁ@@ﬁéd)ﬂﬁwaémauheM@0®wemapmmnmmMmswkmﬁmawpt|ca
20pover  (known. a5 RiRRGPF I t he
lens i s usuavt?e y Petr : edé) T(})lggesn?rgf s;rglﬁg 1819%&));1 oi]_(‘g\él\?)y%hdt Hé)gld% gbt e eye's
conventlonal<mﬁ&%DMMEGHV@ﬁrwmdéﬂ ﬂmtcehﬂbwhmbmahnhgnsn@hnwmmkéﬂt@wnmd
conventi Olr@)al f&rn{s(?ﬁcsm ;] ]% %Q ACEE‘PR‘AQ{JIJ&QOASQYX‘?{heg{ﬁ%d%ﬁ lra% lm%&?es%s’fgt@ as
nyopi a, hyperop|a op| : regular asti A’non-" convent i ona
| ens correct $hempil; pem Wéﬁﬁm@mﬁh@@WKUﬁﬂw@Weﬂheaﬁygnwh@tMMHﬁQSHWQMEE order

25aberrati ong; E@%c&%&ﬁ tlgeE}H§§Qi Ry tnf?(ﬁm)?surka%yﬁ thi Ed’rf?&ujﬂ%r% %&ltagloca(fns 170

abnornmalities. | ens may be a sin ocus [ens or a nu [ ens
such as a Pr csp)rcébwl\wémmawlcdﬂs E%@O‘Gﬂcgambplﬁl@e@ﬂt Of)ﬁlcqurmmadl phreqrsA
Contrasti ngl Yical @Y 1en@RlchSable AShdietd i08k:EL al
power and |slﬁgt96§pa(m%15? ocgsg# # ﬂm E@Qk1$&%§%?§%9§§h§

di ffractilen) 2t frhélt%fé»eﬁ*ﬁwr@firna@tdi%cwmpccswwwriéﬁ éﬂrcoméloéfitlohéfhc@oﬁvelrnt i onal

or non-conve @ﬁdn%fal 8085 1 rsﬁao@t)cttwgﬁl 18Y Back bilrf800tthdir R G BER (ﬂﬁ)ﬁt@u;ﬁ;&@%f the
redirecting light is not correcting a refractive error he eye.

Therefore, r&dPg &8t iThgretinglithe gnagembat t Hyhesoe t“i“b‘hC@ﬁle‘tt%bfor‘fé?tqpﬁamf?%}r95

exanpl e, i s ROIchCOVECtilRTintriefdnas i beier ror of the eye. WO
2009/ 117506- PCT/U82009/037544 1.00471The el ectro-active el enent may be

| ocated in t ntire area of, the electr ctive |l ens or optic or
injust a poﬂ@4 n t hefd i8 (@“@F%E?WQHB@FP @aéwgﬁgﬁﬁmW§9°B%hfﬁéﬁﬂ%ﬂ near
t he t op, 2fi ddikié boralddtas fblmdpl&l"rtehm dedredsdirrdn@niSsi0f ofaphi Wiroull ths Aub:chplie not ed

that the el e¢ctro-active,el ene e.of fo n on its own
and does not ﬂr%(e‘gcfc i & 1ES ar?ﬁ’iqwgﬂla&nhf“ﬁ tgcﬁ&Bf)tjit iog dyerea ggﬁa?sgﬁ%“oﬁ#’?f
[0048]F|gureﬂmnghdwsmacmo@sSmsamim@mKnknawhaﬂhkhmehum&@ﬂayék&oo The white
portion of

10050] An ophthalmic device (that may be a lens or an optic) may include an electro-
active element having a dynamic aperture. As used herein, a dynamic aperture is an aperture
25  having an alterable diameter. The aperture diameter of the dynamic aperture may be capable
of switching between two or more diameters, for example, between a first diameter and a
sceond diameter. The dynamic aperfure may switch between diameters continuously (f.e., in a
smooth transition) or discontinuously (i.e., in discrete steps). The dynamic aperture may have
a minimum non-zero aperture diameter or may be capable of completely closing such that the
30 aperture diameter is zero. The dynamic aperture may create apertures having a circular shape,

an eliiptical shape, or any shape.



the eye is known as the sclera 110. The sclera is covered wth a clear
menbr ane known as the conjunctiva 120. The central, transparent portion of
the eye that provides nost of the eye's optical power is the cornea 130.
The iris 140, which is the pignented portion of the eye and 10forns the
pupi | 150. Thewsphihgtgr muscles constrict the pupil and pihgsshicd@bQy.
nmuscles dilate the pupil. The pupil is the natural aperture of the eye. The
ant eri or chantdesi] 160f\tﬁ1atrﬂite1pf:&1uubdm§ bt tapabls patiernbefiesvtct hecddaba! saadort he

i nner nost surface The.crystalli e l.Lens 170 is,hel n
o cansur o HOESeR e G R E e ThEL R on b ST w Lt DG Bromer A
heal t hy | ens unscztsaqba;msﬁmmf)n cﬁi@mg(iamga ﬂécﬁ:a@:ﬁtdb[ﬂabfiﬁlﬂ)&l}erfhsﬂﬁdfbﬂt]hm;tynﬁd‘me eye |s
capabl e of focu§ & E 3 i nt er nedi atﬁ{)O artld n ar ddhstancesw \;X%ocess
known as accofmfodalFdne “ofté *‘383%“18?‘ ST Eh I f“% PRECSHINEVISEEER ¢ he
back surfate dbhtdidcldid :ﬁosahcdxcﬁha th aom “Slwrcfymw;ﬁcmhemryeicnmmai&ﬂnsiIche

retina is the.,"i of  the ean conne cted t tic nerve
165 whi cn oty TS Pule MErmg e oL b e AP 14 b Giest Aok Gy b e
(non- dynam c)fosprapdr naqsrmlediwmﬂufmgc \hsame I}h@ydﬂﬁﬂ@ipcﬁm@‘ﬁ, damear gley dueﬁntthmof

20fi el d but ailnglgase 12 %r R fnem?t easeﬁ Lran sm ssi g
through the I'8AESET"SBEIEP f’rkél %a"cev’géo?a?‘?r8V1 arge mﬁrgﬁcﬁ ansmivoﬁ Ve the
benefit of i nighessed [irpatpt ESicairs ot clifighfor fahrl@lagdaz viden. | ens or optic but

al so has the detrinment of a decreased depth of field. (0050JAn ophthal mc

devi ce (tfat W be & J.ens,&f, aﬁ“&pe‘?md r%?crs"{@é(ﬁlsﬁ%?%qqéﬁgayﬁ aEGL TR thAGhYE

el enent havi ng dynamc aperture. used here amc aperture is an
aperture 25havipighars caranaraaiot by dbemed wpion, Prechapryricaneldi whest de sepnd he

dynam c aper tx‘ééﬁn ARt 08y &ﬁ:&?ﬁ&ﬁ’ a&éﬁs&&&??f&&lt@l%‘@%efﬂsttr%oxprlro‘?@{aﬂqp@ ggeters,

for exanple, béetween a first dianeter and a second di aneéter. The dynanic
aperture may sSwind edgidserayeere dilidnetierscd sasmmagnstiaciive edex, pelomosmrbet h

transiti On) (}fathqbr%%ptﬂﬁﬂ trlyﬁl%?ll%:o(}' T8 sceddd riSCLEL & ScBBb-as 4 @rxffﬁyﬂaﬁ%ﬁn
aperture nmay have ‘a m ni num non-zero aperture di aneter or y ‘be capabl e of

conpl etel§p cﬂd@u@ﬁ@caémewiﬁmf C%Chéc%(a‘ab‘é’rlﬁlﬂ?lé cmsaﬁ*e\wéﬁn pash 7eeiay, OrTHY Yé@Mhami c

aperture nmay yafQaheaReEd HURS Y biNGoBeChf&lh akn §5&ﬁ&§t;o@mnﬁiohlnrawb@aécdshape
or any shape. WO 2009/ 117506PCT/ US2009/ 037544- 100511A dynam c” aperture

may be capabl®deering heyaAHIHE Opeeiieeh OrcddtrrsHise 8T GicL8 LB FCdMWEr eased dept h
of field (and decreased transm ssion of light) and an increased size for
i ncreased tr o3 ssiAmpodizdtiog htask ;aﬁlﬂbﬁwd@@raaas%dt &eping aefealket’ ebyd) AsTha si ze

of the dynam.c apertuyre grea for di st ance and/ or

“htef med ar e R AR STETHA RHE T R e SOURTR PRSP B omoet

benefi ci &0 t@omﬁgmszelbns Haenadly oypmates lgperdilarie; uﬁaymﬁi&udenpitaeasehbth of igihz#dadis om

t he di aneter te for near st ance vi ajar

di anet er apprtiélg Tlng‘? in tﬁc “Bgﬁlg%qﬁ“t G g CPHIEY JRY atlco(ﬁ dﬁﬁé‘%&ynam c
apertures di amsrtueer ’ﬁ‘ﬂynabk?a_nﬁybé :inaaud MGk Sas @ty lalwagh ﬁxewﬁerhepamqombddlaammf st ance
vision to pr Qt&ht stich ‘Pbrwhcrc Is?a(%ilz:%t lent frlg‘fn mfslﬁéeg)(r}n gfnca] tgarlbmﬁfdg&elb a large
depth of field& i's not critical t'ar di'st'ande” v st on

incorporated into a layer of the devnce or it may be a dynamic mask that has an alterable

25  index of refraction or optical fransmittance.

[0054] As uscd herein, an infraocular optic (IGO) is an optic (having substantially no
optical power) that is inserted or implanted in the cyc. An intraocular optic may be inserted or
implanted in the anterior chamber or posterior chamber of the eye, into the stroma of the
cornea (similar to a corneal inlay), or into the epithelial layer of the cornea (similar to a

30 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,

10



10[ 0052] As used herein, an aperture refers to a first region, typically at
or near the entrance pupil, that is enconpassed by a second regi on, which
may be annul ar, where the second region has at |east one optical
characteristic different than the first region. For exanple, the second

regi on may havgoa@ifAgrent optical transm ssion, refractiygisiisessy,color,
or optical path length than the first region. The second regi on may be

referred to aﬁ)@ﬁ&]pemphed @heif,agh®Roculdk fent O LY Pl 1631 wpfn@l@@tﬁ(idl gsv@f haach

regi on nmay remai n cons thin each region, vary based on the
radi us of the™Fagt 8rHmgHD %B¥%%9mfﬁ%8¥¥%wm Kﬁ‘@ﬁbﬁ?ﬁﬁ%F %ﬂﬁ&??BH‘%ay be

used to desc rcml&emt fRamaidr pstdidr tHAmBaefaic JFBRo ORchBakr AE Qaﬁ)ﬁ{etsh Gﬁa efthone or
bot h reglons 00 An qﬁodlz on nma ge useda%p alter i ght entering

31
a wearer's ef@“m SRS he e H “hé)ﬂh@K”P%ﬂ@: gvego 9?@8“1ﬁ@?miﬁé1udes a

control |l ald e c&wﬁﬁbﬁitdmﬁa@) oi RitiS0 R ARGl gukatd cﬁn&,cy& he\ ineekuloNelsat ey
nodul ating the anﬁ lj|ghase or both ght that is Lransnltted into
téca é’v';:{s

f
the eye throu§ffcf %”mﬁwgﬁﬁb%F?ﬁ?g&ﬁﬁfyﬁgn%m§ﬁ%Tl%’ﬂ}tﬁl bradi ¢
aperture. Thelyigsk apayudiemay S @pdife dBSkiding.«8 incrdi®Y dahtwayselpr ovi de t he sane
nodul ati on of |ight such as where a static gradient of refractive index or

optical trans anc jngorporat e into it may
be a dynanic ['ﬂbéé{]( t hfgstus d h rcm ak rnca Jilay Is 3R op ﬁl& é@(fmlg sgbs]talpg %{yl ngnop%?a’l 8?) edc |
transnlttancenaL@GHﬁlmgOMsedxheﬁemmw1amncmMﬂmpbmk@wnmpﬁw$u@ﬁ@@ﬁmtsnam optlc

(having sypst@nt] 1@*0“?{15@]9%9?51@;%% cgzn@éﬁwl%yer@c Gt!u? tcrm@s%rrtng m(? yor[anJ anky

the eye. An intraocu he A erlor
chanber or postetliigey’ cﬁtarbb@sedowhtmefemym speqifially In:ea ®1nrealrmlamens hige tennrsnea

(similar to a.gorneal | ;m ﬁy}ocugﬁ%&o@&% &ﬂgn %%541%'@3 b @M&Lei Pk c{, g GaLnea

(simlar to a 30cornéa onical stracture of’ the
anterior chanb@rmm¢Uwh@g@v@wmﬁmymnppa@tmhamMmpﬂm@Uhamgsm%stmw&ﬂahﬁ% zero

opt i cal pover;,a ggi (S: %E gritgc{ \911&9%%&1&&3}1{% cl &hﬁc coﬁﬁ:& %Eenx rrin@ é&ﬂ%glkflr

optic as descrl ed herein ma m C aperture an
capabl e of pra@?ﬁ@iilr@giaanptl%&w&@E@Od@pltdm[ayfomw"@lt 8plano\aprneal onlay” may bc used.

2000/ 117506 RETLUSRONRL Q3FR44 | 00SLAS U Rl IR/ BB ol QLARRULAT | oo

(I0L) is a lens (haV|ng optical power) is Inserte inplanted in the
eye. An i ntraBeuiiggcormspontgymeebs wsért ed or inplanted in the anterior
chanber or posterior chanber of the eye, into the capsular sac, or the

stroma of theoosor neam(e%cﬁfb hatvetRm@naRung aldyhdni @Mﬂeatu@ﬁna& )3 Qltégm weRit hel i al
| ayer of the g@ $ 3 %$n1lar to.a 5 conjcal onla % or within_an
anat oni cal B4 &B OF HEECRAPER) ageient P bieEI® 9BIE R VeffendPl
opti cal pzoweﬂs':)aam@bmyy D¢ inkidRd d BOknpRdned i 8 Qniariclyehamb e on Petdriar &am%&ﬁf t he
| OL has a dyganlc qgg@ re |{t (g be capabl e OfprQVIdﬂn 1&5. ncreased depth
of field, 10086)AdTRLSAMES 8t nEdriodrorHnay! PErairRI i RyohEe
subst anti al | yoines @pk tad@dal ROMWBI The corneal inlay and corneal onlay may be either a lens capable
of focusing light (and therefore having an optical power) or an optic incapable of focusing
light (and therefore having substantially no optical power). Electro-active elements as
25 described herein may provide an increased depth of field, and may at least partially correct
for a conventional and/or non-conventional error of a user's eye. Electro-active clements may
be used in optical communication with one or more of the following devices which are
capable of focusing light and may at least partially correct for & conventional and/or non-
conventional error of a user’s eye: a spectacle lens, a corneal inlay, a corneal onlay, or an
30 intraocular lens. A dynamic aperture may provide for an increased depth of field and may be
in optical communication and/or integral with an ophthalmic lens (which may be a single
vision or multifecal 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

1



or a lens (having optical power) that is inserted or inplanted within the
stroma of the cornea 10Wen referring specifically to a corneal inlay
optic, the terns "corneal inlay optic" or "piano corneal inlay" may be
used. When referring specifically to a corneal inlay lens, the terns

“coni cal inlayywheps/ 1 "focusing corneal inlay" may be $§%@Sﬂ@§m9§gd
herein, a corneal onlay is an optic (having substantially no optical power)

or a lens ( hastiargle QndyinGalc 2« POWRS hayt f1atidd BicieNs@Edpah10kld vipdantesowrdviien: t he

epi thelium |l ayer. of the gg{ﬁnea When referring Eem fically to 15a corneal

onlay optic, YHEHOBHEESD PR EHITRGH T ‘&“”“CGP” %be”céb‘%ﬂ“&aqp GRS may

be used. V\henlclﬁt@ﬁ&lﬁ FrioRg @PeQIoLY 1@Rkd of fdcls Raf DBkGEe GBI Fypml LS didihiRe LT M5

"corneal onlay |lens" or "focusing corneal onl(ﬁg/" EEF be used. 100571An
f@lc y)

el ect ro- act i v UFEHEfO halEh AN GyhahEragsEte Th iptsEegia SRR (i .

e., enbedded wiatthidst@ke, 8t $catRednf Apgrorerneal inlay, a corneal onlay, an
100, or an 10L. The 20100 or 1 QU may be inserted or inplanted in the
anterior cha or o [ oma of the
cornea (as an[il(‘faggrgrluealprf’L g{)gmwé dncm?oc{cfi ﬁléjc’seTowt‘%%]Ie Sidg V’CI tl‘m 05319“? WeVEornea (as
a corneal onldgent Tdehaciog mé:aiamlcrﬁpaiyma.nngcmaﬁesad)wmnoaypsamyohescelohherdca | ens
capabl e of fogusi an ore, ha tical. power) an
optic i ncapao‘féJ Qﬂ(% cg%%gldﬁ VCCCHF‘?PF?ﬁanC}’r? %fgrée5 oré" r%@l&r&ﬁ) dsct (fcf%nﬁ n%“’azl%ljy no
opti cal pomeny@ﬂﬁha@ﬁdmaacmmﬂeﬂademﬁnaﬁomsmaﬁﬁmsanabﬁm;hhmenﬂmﬁaycprovide
an increagged rti correct

convent i oﬁgl ech%ﬁ% qcmﬁgr?mg‘gﬁ%/{ésﬁg ?%ena CUO acmc e?efmpta 5%‘3 “XCkegomﬁfpgn f ?Oéheééft ive
el enment s naytbeeu$ﬁ®cnnam@®nbawagdhﬂunmeaﬁ|on with one or nore of the
foll ow ng devices which are capable of focusing |ight and may at | east

partially corn@si f ot deconUsRLlARAl 208 QbmpARTGOBURIIL ORI S0 Hinghc?
user's eye. a spect acl e ens a corneal inl ay, a cor neal onl ay,

30i nt r aocul arboriH, twa oAkt Eras e elive syrslyatp o heeulfsgwtially fiah@rrdems@él@ll dept h

of field and JR¥q4 bt ﬁd&li@lp&' &@lsulﬁQﬂQHﬁ& G Rl Q0 rRRG QF dikiPle e I?a'ttchaE@th@”
ophthalmc | ens (which be a sing vision or nmultifocal [ens) which

corrects ¥or ofhsf f%zéttﬁt%dzéwsab%anc%mﬁn%“l PRSIV EHIS R PROVIFSSE PYUEbPeRtfous

range of per g ¥8&rafe9GH$ hivcQRPEAI &t@@@m&@aﬁ aay ghveh ang@cRY 2008.A6hi eved
For WD 2009/ 117506- PCT/ US20091037544 exanpl e, dynam c aperture may

provi de i ncr 6588y mapierisdt oriegible. e sigidudstipls ”i:ﬁ‘%’@lbd%@ uile g5t A EHEE 1 ange

of focus bet \meﬂﬁpﬁe nexiblle X@AirQEs HE18dd TexM FIBGE KRS, DN Afint A suRRhthal m c
| ens). The mﬁ?‘ﬁ?/@ Qtlnuous range. of faocus may | nc| ude the field froma

near distancé ehegideq el e’“fb%}frfoé“ﬁé’&f“”&f?@t"%ﬁ'&@c‘ftd”hécr’? P4t%r medi at e

di st ance,20f r omp@fni Bt RATEE cqghes ﬁﬁt&t@ﬂ&ﬁa@bﬂn@hﬁ@ﬁ il St @ﬂC% c&xhn@ﬁ& ween any
oded cr tion si de

range of distanc 0058 A sho n ex

vi ew of an elog%ﬁaﬁﬁt‘%f%ﬁl?}ﬁ EF% ﬁg& ’@U"Hﬁ@?% g“ﬁﬁ’é%géo“é? BPy ? SPEFGUY e 2B
spows a coI2I ape@fdh@rueﬁﬁateseﬁddnrﬁblwho% ld&kuﬂw Jaﬁ;etqlameei)teﬁny eadpdiénve el ement
of Figure

]emd % q}e]ect(rjo antlve el errenté 2008 %¥ be usable in a
corneal inl ay Ko el WeieRysed §A thEgecong pubsiiete- GEtectofey sy @y el pgthe

properties of the dynamic aperture such as the size, shape, and/or diameters of the dynamic

25  aperture. Electrodes 220 and 225 may, for example, comprise a transparent conductive oxide,
such as indium tin oxide (1TO) or a conductive organic material (such as PEDOT:PSS or
carbon nano-tubes). The thickness of the optically transparent electrodes may be, for
example, less than 1 pm, but is preferred to be less than 0.1 pm. The electrodes 220 and 225
may be coated with an alignment layer 230. Alternatively, only one of the electrodes 1s

30 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 wm and 10
um, but is preferably less than 5 um. The electro-active material may be a liquid crystalline
(L.C) material.
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10el ectro-active elenent i's used, the electro-active elenents my be
st acked one upon another if there is proper insulation between the

el enents. [0059] An el ectro-active elenment 200 may conprise two opti cal
substrates 210 or may be bound by two optical substrates. The two

substrates maywbewsypsisantially flat and parallel, curvegdcane,panaldel, or
one substrate may have a surface relief diffractive pattern and the 150t her

substrat e may/0b&)] substantil@lbycmn@aot b the Eetrsdtb$10r atiess tpyeddi@Vidd8ed@itng
opti cal power ubstratﬁg Each substrate

may have a T ORRLES BHC360" SR TF LN b s P E Bk OF GX1BH o
FfaanF ring?mm%shf@me?ﬂzba¥kasﬁrﬂmb?d@?gha$§faadm?ki&ﬂaﬂdmﬁwaﬁﬁhamy
exi bl e su r.a i Ny e flexi. astjc films. In ner.al , thinner
subst rates alTouE SPOe FgHar s ahar ard @rrst Piths R8PIT AENGFIEREHD. act i ve
el ement whi cheonay pbtsafitapREt@ntivé StméNIRScodlrolePinag Be tdnatcta@nea bnsert ed or
inplanted into the cQ tinuousc%Ptical ar.ent eggﬁtrode 220
n

Buk 08 Y o A CARE Y et Satept gnel 1
that provi des PP SGRC& BERY T RANCGFBUNE HAY “od" HicSPsaed! hel6AEe Bt he
subst r at es arigdtvanre theklcomrdes, irdiqviddualal ymorddesesigabl te: apit dialtiby af thanspar ent
el ectrodes 225 may be di sposed on the secon bstrate. El ectrodes.?225 may
det ermi ne thealja1 ?B%%?%%g%‘gP%FﬁﬁﬁHVﬁgﬁﬁksﬁﬁéﬂF%ﬁé%ﬁﬁeHw &”?%§&§W5&?‘ hape,
and/ or di aneteeyssl ebletiies cigmdmihe d25ape bt e electit 8atr o220 @ie clRAbntmy, for
exanpl e, comprise a transparent conductive oxide, .such as indiumtin oxide
070 o ouiate Ry’ ORERe i FEMETh ol ek uE SpisdlichslR PPk it
nano-t ubes) . citeht the ckaesisn of thd tgidgtstdatdiacules aidpaeentdialeet hodismeay be,
for exanple, Jess than m t is . preferred to .less than 0.1 um The
el ectrodes 220°aRn Dok st R me bl Rvan P FRatiien e el R a3
Al t er nat i vel yyolanley wohle ioh dirlitioebecivhoddstvicsn B0ebatedt didcttiontané al i gnnent
| ayer. An el r iye terial,.240 is di sed hetween the alignment
| ayers. The drreRnctd WEpr R . PP Rafl G b a8 BrtlERTT o
and 10 umS buwtidd & opweleethabihy clegrslet, hdgnntent layers, Thiclehestivomactiilve mat eri al
may be a liquid crystalline (LC) material. WD 2009/ 117506TO7US2009/ 037544

100601A cont ngdipr 2H0c16QRNRE!S 1Rt BE 94\,%955&@%1%8%&@%;@}4{ Legetri cal

connections 255 and may generate an electric fie bet ween the el ectrodes
by appl yi ng SR&LIIHEY & ik Mhish dghtivateaibrd ks trsted. FRengdthotite ity be
part of the elgelitApaetd i‘s’?p?cla@}nﬁ%rselyoﬁm SrtibBY tobeenh Qe at Bl QML 5 Gy SR

el ectro-active elenent and connect to the el ectrodes using electrical
Scontact poi RIETY-FFihElemsn ebd s depepdepeuisngrrafias e RAESON PERshiyoss
connect egot 0 i MWLt SOMER®L, 2§ BASONS in 18F ar@NPhcQbhB- ASCERSEALMich&GLY 8 CS.
In the absence of an electric field between the el ectrodes, the I|i d

( ar . 2t W _ h qui
crystal nol eCHI*BE CaFYIRME RS W RE TS BERGIER B PRUUHNPGRIRINtORIIREEE | on.
In the presepeaghef &fie 6f @ELIEIH-dcligd dehl verny tdigakh %hrtﬁcﬁl%?iphérﬂ%d%é. o d
crystal nolecules orient in th& direction of the electric field. Tn an
el ectro-acti GEWY smﬁﬁt,enq tﬁéhe radial center of the electro-active element. The aperture may be

positioned at the geometric center of the eleciro-active clement and may be capable of
25 extending all the way to the peripheral edge of the clectro-active clement, 1o a fixed distance
from the peripheral edge, or 1o a radial distance from the geometric center of the electro-
active element. The aperture also may be capable of being relocated such that the center of
the aperture is not the same as the geometric center of the electro-active element. The
annulus typically frames the aperture and defines the inner and outer limits and the size of the
30 aperture. Asis described 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 molecutes with the dye material,



10el ectric field is perpendicular to the alignnment |ayer. Thus, if the
electric field is strong enough, the orientation of the liquid crystal
nol ecul es will be perpendicular to the alignnent direction. If the electric
field is not strong enough, the orientation of the liquid crystal nolecules

w il be in a digpaghlprssomewhere between the alignnment d@ﬁ@@%mgﬁnaﬂﬂ
perpendi cular to the alignnment direction. It should be noted that the

substrates maye be: radcchhybiEe (Rsnsef esWibehe iflanat fa nell@aks. odRslyc aloicgn bR
| ayers, and el ctr active natﬁh{al 00611 ctro-a trve elggent may

The et
have an apert 191 HP Bl néﬁmFiﬁﬁf“%ﬂggg%}%%ﬂﬁuéhiﬁﬁWﬁWG§ #in
whi ch i ght ':aatam@tﬂamt Oﬂfﬂw&léntﬁtﬁﬁ;tdfﬂfeeﬁtim&ua@fﬂ@ﬂ@tﬁeduﬂ:sTuhﬁs@b&;@tOQifﬂ t he

dynam c aperture is t plcal vers ortional n

dopth of T el Hhig ptBraE g et yel u e RuR ot Te: deBemubHSUBh 4 hange

|k n the tr aanhs M ifd c@j_?rlstaq)fnolcbtg&ﬁ whtthrz@ugtéhua’&d)itd}@b@tv@ﬁtutm&tlb&éﬂ watoerrgzlng end@gh,i S
nown in the art. e apertur e nam c may. be. ¢ e

swi t chi ng betﬁﬁéﬁ”ﬁﬂﬁm a%ﬁﬁﬁgﬁggﬂﬁﬁﬁpg &W%é“%ﬁ %ﬂg%ﬁ%QfE%Pg5§gtﬁﬁned at

the peri pher alkquﬁﬁgﬁ,td@fs ntthlan@h@cmaﬂma&ti|dé@cnatngﬁrﬁmth@rcrmyommslpﬁe@ded‘nr omthe
peri pher al

e.. The annu ext nd to the radial cen
BT ectr o act | VEC PRERE e RO s JRREh & iy Bel g BF oS ar e GEISER ¢
center of thewil ﬁﬁdg@re@t&t(hd’r&oﬂh@E?Iﬁghfmemmmywﬂszﬁapﬁlbieaﬂ&t wRaeKt aadﬂmg aII
the way to the peripheral edge.of the electro-acti
i st anve. T o EBh Rl A gtotegmors ¢ Faumalr i SPRRaR Tiann e
geonetri ¢ centrightatidn dfiie eﬁtceratﬁramapd[;‘bmetceihtezﬂematahg,ﬁrh@r aperiburia dab siennmyn, be
capabl e of bej relocate uch that. the enter he a ertur i,.S not the
cahe as the deoftPE URRFGH b dedente S Mabrot LRGHERES Hikde I ikus
typically fraWEsa&hﬁmﬂ@@hﬁﬂﬁﬁm&ﬁdgﬂﬁﬁmmaseﬁ&ﬁimﬂmﬂmnaad&mMUﬁrakmﬁm&sband
the size of the. 30 d in furt t he
bpertur 6 oy RGBS Rlnd BRGH eh PHIDTES oft BB Pnge o
shapes and/ orcrgisdiimetercsial th062|bEhe:=del ectro-active material may include a
| ayer of liquid crystal doped with a dye material such as a dichroic dye.

By dopi ng theghdsfui G ol LRl & Wi E 1
Sh0or 117206mal T SouBTYA By R 86 f??m ol o S’gcﬁf%g ol it 2200,

| i qui d cryst dkviae kemglieaion Thek. dfyém%Debmmcoarréeqa@parse@r@dd sle ate afgheal gn
with an appligg,&f cﬁ%%rﬁccf& (51&%%0@&}%8%‘&%% 2@&)%95}%6 1951319111 atclaﬁtegbﬁﬁay,

mat eri al depends on the orientation of the i1ndividual dye nol ecul es mnth
respect to arfoingdicdentandpPi edn 1y E marg than eesgdenpopbis agedsthaelemppts pray be

hormogeneojgs (stt@;tddzegat@Jn)an@thtrgnrr&ets ;%pct heuiRtdnaivef Ik SledlenddDl ecul es,  when
the electric field etmeen t e el ectrodes is not strong enough, the dye

nol ecul es al i g the a nnenF ers and the. a t|o
Chr ough & ho. 1TBT'a" 0 Gscar o B b Pt i TR Y 2SS S ot LA e
relative ori emfdies ORiBAIVARRIOX lagicall POt &amPREDE sudRehid tmomharyexcttudera lQkr of a
orientation of the mol ecule. In an activyated state wt 0 neous
Chor 1 zont al ) AP GRHEBT O ARG RSt o at ket hinar RS (Erect 11 ¢
least 0.01 units/mm in at [east one meridian. In such a configuration, the other elements
25 2200, 2250, 2255 may be omitted. This configuration may be referred to as a static mask. As
a specific example, the substrate 2210 may include at feast one layer of a material, such as a
transparent polymer, that includes a refractive index gradient. Preferably, the gradient is at

least 0.01 units/mm in at least one meridian.

[0065] A dynamic apodization mask may include an clectro-active clement 2200 having
30 two optical substrates 2210 or that is bound by two optical substrates. The two substrates
may be substantially flat and parsllel, curved and parallel, or one substrate may have a
surface relief diffractive pattem 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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10field between the el ectrodes is strong enough, the dye nolecules rotate
and align with the orientation of the electric field, perpendicular to the
alignnent direction. In this orientation, the absorption of |ight though
the liquid crystal is mnimzed. The opposite may be the case when a

honmeot ropi e (vephisadoeal i gnment of the Iiquid crystal iscyegdosided.that
absorption is mnimzed in a deactivated state and naxim zed in an

activated st aduBsiraf rﬁ@nlﬁaﬁi tﬁﬁ:ktfds@oﬂQDG]Uindn 1R¢ riy stiakd i tnendredetiad allbry foakso be
used. [0063j Fi.gur C oded cro sect.ional. side view of an
optical -of e bR RL I S IR O e EHIPE TSRS T &

col | apsed crd&sms@ﬁhkﬂmahusmdﬁpmmemmahh&n& mhﬁmmmbwqmuEugumﬁqﬁﬁmtCne or
more opti cal 200 be usabl corneal inl ay ea

on 2y Pan’ To eGP B e ok en ERancd aiovef BREM Cresstaghe phbe ShaE s
may be 20st acalﬁedn@cﬁt@nd&l@ﬁlﬂwailﬂﬂtyhﬁﬂrchsﬁlblb beically saprappeticiindtd RS any bet ween the
el ements. 1006411 n one confiquratign, th odi zation nmask may | nclude a
i ngl o 1 ayer SHTHIERAE sFRct e Hekrirera Rt R GR A R o Bexanp! o,

t he subst r at ely224i0 nﬂiﬂybyi mmgiee &fthaye indof dtafdildSLamJSl}ﬁﬁdf@H[Hm@m yheslecdbd@t her
mat eri al that r ef ra i ve i ndex gradient. east. 0. 0]
units/mmin 5995‘25% o A TRRCIR: i ?P%é?fé‘ﬁe & (f%‘fci% ﬂﬁ%ﬁcoﬁgwg ORBpic

el enent s 2522&@@11&2@5@1 as PEBB TR db earbd dahetibeshhirse ﬁh&ﬂﬁdsgbﬂ thd dp@alnmy be

referred mask. cific exanple, the trate 2210 may
et ude att) ShefbeBhERthodR Ty vh e BRRE 165 Butii L Rt pReRb R S B S fr

t hat inC|udeSHmiheEmaﬁﬂmME2DdeMZQhﬁﬁb&ﬁhmdﬁnﬁhﬁhm@hwntMhQZQMHdIent is at

| east 0.01 un t ,one nerld 51A anlc ation
mok may i ot Mg Padiops SRG ¢GRS b B SRt Ay B R SRR
substrat es 22d0craf 214hastdm;mdd®uﬂdexbghc bliynept lay&z&i Thulistkhadse$ the Therd-wive
substrates nma be ta tlal fl a arallel, or
one substraten){artreém1 & & m?qplg¥g%ﬂ?? ﬁbvgsgglsé%nqgﬁ ““Ke ot her
substrat el5lTainﬂﬂ® mﬂ@stt @t bead 1|1qmdsomm¢lilrne rﬂ'dﬂmatubst rates may provi de an
optical power or the substrates may have no optical power. Each WO

2009/ 117506 GgHIS20094 03140 SHDSLIAE RBNaBAY20@nd DS kPRESON 200 gm or

| ess. I n general, thinner substrates al ree
flexibility fcemneﬁtrpél% el Bent i-capadiond 5@1@*{*@8}@“ wt@%ﬁ%ﬁ?etweﬁm%%wra% Yn optics

or lenses thab,ahe ohdﬁ%&@%[@ﬂes pl.8 @fe@tgodb niokbes ratibhsCORELINALSS
optically transparent el ectrode 2220 that provides for an electrical ground

may be di spod&dobiic dperoortivhrdensgbsticaoaisolsnglep Brebedpcatpdroatsids dioslagtion | y

addr essablye QpiveGRieN: &bl 3NHRAE RNhc LLGHLAIRE Rl E@q\facbﬁorﬁit'sﬁptﬂ§@lgct1%n the
second substrate. El ectrodes 2225 may determ ne the properties of the

dynami ¢ mask *He&Ierert dge ROl arRayeicoRICPRE e DRIVel M ICELEIIEY D'y Pehe mask.

The el ect r od@scedhdROlccddmes. IMBYe hREAMGLaPel iR FRdhBE @R en GRNItELIMBLOKL e (Ssuch
as I TO or a conductlve organic material (such as PEDOT: PSS or carbon

nano- t ubes) . “Piel PoFGeligt grhe e diseatienrs e dlonmapyartont Ieihe pis e Hay

be, for examaicemc Field BetRanihd cl@bfodby thel [QuidlcBfsQI fBl @ dBientieae dﬁrl?éiﬂ@n@ftjqc um
The eIectrodeF %0 and 2225 may b coat ed mntg @n al i gnnent | ay 2230.
g & e

Al't er nat Pel §158A 5o Nb GHCCH raciBre SEFTBHAS Cloge S8R dtP PR F o 415
| ayer. An cl ﬁ@%ﬂ' ORXGH, i MRe TBIE fidd 133244 dnSqui g osadahabnmenqlinerdli gnrrent
| ayers. The thickness of the el ectro-acti
mo e(:L tles will be perpendicular to the dhgnmcnt direction. If the electric field is not strong
enough, the orientation of the liquid crystal molecules will be in a direction somewhere
between the alignment direction and perpendicular to the alignment direction. 1t should be
30 noted that the substrates may be as wide as or wider than the electrodes, alignment layers, and

electroactive material,

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

materiai such as an electrochromic dye. By doping the liquid crystal molecules with the dye
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mat eri al nay'be'betmeen 1 ,un1ahd 10 gm but is préferably | ess than 5 gm
The el ectro- 15active material may be a liquid crystalline material.

[ 0066] A controll er 2250 connects to the el ectrodes 2220 and 2225 hy

el ectrical connections 2255 and is capable of generating an electric field
bet ween t he elggts9desby appl ying one or nore voltages Lpereaeh,gigctrode.
In sonme configurations, the controller is part of the electro-active

el ement. The :saaidl ahd GE nlS@cd@iyn bemboeated 1lﬁiltq$lldd>eystajnﬁloﬁl:1.&&t roe dg0acti ve

el ement and connects to the el ectrodes _usin | ectri ontact points in
the o ectro- TR PIPAHERE.ORE LERORBIT aPTTieg lc%a‘“fdéﬁﬁﬁe@ece%’ﬂfﬁp P
source, Sensaifshe d@é Ry alGith@EspBR ELHE fcyepdn@@h E}anelﬁaudnrbfmﬂencﬁ\bmn@)& of an
electric fleldlb en t he el ectrpdes he lH uid cr %tal ng%Fcules align
in the same dIYE3S SR ASPTHE 24 meylnemticd PPac 8 AP & oY EL EWE S an

el ectric fi el({dohebiagentike Ehedlguadesal hbRclldsgutha t5d Ysdil fiddbeottheis ori ent
in the direction of the 25electric fiel an elcctro-actjve el epent, the
ellectric f ol Eeirates i BEHERE Hogk ¢ 43/5810%6?15%%&%# élg?élﬁlgmﬁ%LﬂWF iR

el ectric fieliflddx®f &fibang oem@uglél is iitRarQed @)@tﬂaetdyenF@fex&dqﬂe lthegbidest of Fefiattihn

nol ecul es w Il be pgé% ndi.cul aq}to t he alignnment 4 gﬂt |f the electric
field is not 'BfF BHGEHGUG" THE ST T BA Ao ad‘fac't"f‘?c Sfa ‘i” PPEER ol ecul es
will be in a@biRahi) @mmmﬁﬂ&rlauh&tmeﬂlotehﬁesaiuh@nm&cu@h fibChdo@Fenaind

per pendi cyl ar he ali t directjon 30 oted t t t he
ietogtbe S MO RR A e I R R e

| ayers, and e&aekﬁﬁ&pp&y&dﬁa&e@um$ﬂ%ﬁﬁﬁﬁa$iha1dhaﬁﬁmﬂmanmnMecwahmﬁsah nay

i ncl ude a Iaye doped wi

ol ect r ochr o Eeage g bl SeiR LR FPT AL ol PR 4k R A Ye wo
2009/ 117506 Penayis2000408dmd T4 Gjﬁioﬁ[el rﬂJy,bcttililzecaéky\ehdmﬂ*emud)t%lca(kmgw X hemsel ves
with the I|qU|d cr and. rotate
Yo align w ¢ HUgHRt Sl P S5t P HRa P FReRE R G BT InaBleh f L he
dye mat erisal refirdchior aspecicdisatd fre a byer delpendcdartivtheA Grioelattat liond ofstélhe:

i ndi vi dual d With respect to an incident optical wave. In a
deacti vat ed éﬁg?m‘%g¥ﬂ“héﬁ%a£neous S(horizontal) alignment of the liquid
crystal nol ecules, when the electric field between the el ectrodes i s not
strong enougH0968he &VéhWBﬁ@dGNé§W§ngﬁKﬁiﬁﬂ%%@“&WP@h%@M@“PQV@P@béHH t he

i ndex of refnagld. Pﬂu@ p&hﬁecln?éégctlba?no!%nﬁ@@&@%@rah}’thﬁ: hﬁs@%@pec!: @h f%%@@ﬂé' e the
i ndex of refraction in an unactivated region nma m ni mum

activated st aight iaving a perdeeHes the rpmsof zlzswt 40y 7&% g rﬁemm%‘fwﬁéw lﬁm*

crystal ml eGiy,gSoludiRencd-hes gliet rc&;ﬁbﬂcc'o?!ﬂ%nlﬁgih‘é’%ﬁfbdt ff'ﬁmﬂq@@ib@@ﬁ fpdgsoni S
strong enough, "the dye nolecules rotate and align with the orientation of

the electric® %%uca chetpe s wal Breipghe epsicd | tapyiesin Ar faet g davicq wlepp e

orientation, gbhentderabiierdey s it RaRMiRE tlﬂ@ﬁéhi‘ﬁlhﬁ?oﬁievtc@@nd’ﬂﬁﬂc@ﬂo For
exanpl e, the index of refraction of an activated reqlon may be a

maxi mum The Bﬁﬁ8§PPéﬁﬁﬁ?mﬁePFﬁ@*@é§§rWﬁ@H”éC%%W€8f?@BP%mGQEFF‘cal)
al i gnment of tlhgnibdidbyds REY Sbat 3098 - UsBdpsLhvidaat TR dRardivaleeh wlyadee has a

hi gher | r&dex p(l)xfllatcd as previously described, and may be electrically addressable in discrete portions of

at feast about 0.25 pm” without affecting the response of adjacent portions. The liquid crystal
layer may be controllable by a computerized device, such as a processor and associated
software, which may be capable of arbitrarily addressing multiple segments in a
preprogrammed or adaptable manner. The software may be permanently embodied in a

30 computer-readable medium, such as a special-purpose chip or a general purpose chip that has
been configured for a specific use, or it may be provided by a digital signal. The software
may be incorporated into a digital signal processing unit embedded into a vision coticeting
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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15refraction an activated state has a |ower index of refraction. A
fentelectric liquid crystalline nmaterial nay also be used. [00681The liquid
crystal may alter its refractive index over the visible spectrum by at

|l east 0.1 units upon electrical activation. As used herein, the "visible
spectrum' refegsh@1ik@ht having a wavel ength in the rangergf,ghaut, 400 -
750 nm A liquid crystal (LC) layer 20may include a guest-host m xture
capabl e of al lﬁg;ﬁ[i[ﬁgmttt}a@ilﬁﬁitghﬁﬁhnafbif RNSINE 8% o he@htidnl Gitkd wWidORe QhRGK & vBRh-
activation. As used here ptical transm ssion of a | ayer or device
refers to thée 088‘?@5rq?"é“g?éncéffpof‘ii‘ﬁhf Cé‘?félf gy that is transmtted through the

| ayer or device and not |ost to absorption or scattering. Preferably, the
m xture is cdféille 6ﬂleahmiépﬁym@lih¢mdt@m iitcﬁgultwmsmmsiboanbyai'atliqh@as)tstdalaout
30% - 99% up tivation., Ih r y. he, 25pi ted as
previ ously dggvcl:sgcl%ﬁlglﬁgtmqa]d 1 'S%ED %}leg\?ﬁﬁ%gﬁ?&m l@ygm g%b gm"llersl?C |§ ur“gte
portions of anySItffl;aﬁncal@dmstaﬂc AGuidioRstal mmnubthalfrgqmoiﬂhngduyetamee;memsd ah

adj acent portj T trol I by a
conput eri zed d g%cn”pg li%ﬁé{ls a er(%%g) s ¥ cfmggsog Pa %lg%f%‘ﬂﬁrg whi ch may
be capabl e ofnapgthéi¢rs tordklayd @cuhdr@gaélfwgl amndlylmpﬂeenMIgheTrhbgnn ﬁina:bpmémd@cgﬂhamred
or adaptabl e n(%%hul Eﬁ%{:ﬁl%ttE%?ﬂt%%ccpgon%%{ \frvn?hnlerﬁw é{'gs% r%mﬁgmll.rf’éigrn tor

SOConputer-rea er al
purpose chi p ssfrabhidshelpiemno-eont ciguesdht d‘nn ﬁlmlpeu:ﬁfa‘dnmmws@ectcm (iht ahgaynebie

provi ded Ry gdlrg&t%' { @l E&i&’ﬂ% ich aﬂlgvéoygfﬁ‘ e 1B Stal HGOLRQR ?91 kG 2

digital sign processi ng d PSl'0n Correc I 'ng device
t hat i ncl udesvithttbe aydtsdipal ltrmdmlax’mskc 11tTDlrﬁécwsstqmO@cmpmstfatenhavérc iaths planmyf be

configured or U] at es
Che anpl 1t ude Ppet e e e B s B A B D O 308 B o S
transmtted thrbdedhichefraskhe nbegradte Aalyzeiat)ffclx e aparh@nteydrinigyéd with t he
mask or a vi ARG EEGH E&Bgcngﬁyd @ﬁmé%% %ﬁctn'cQ b 1B djalag%%ﬂ% i qu' d

crystalline materia ures ematic crysta
tw sted riérratw%dSIth%ﬁamdr@vly@St»mcn aézuﬁerb@rgnmmtéayedlb nerdat i e | i quid cryst al | a
cholesteric liquid 5crystal, a snectic bi-stable liquid crystal, or any

ot her type of;od'noqw gy sy @alobvb@glumheéﬂcwma%mn@é 3(@mfsalasck@é&fanmgsa a thin
| ess than 100 nanomet ers t hi ck

film which, of ex n be

and constr uctdé%anfl %\?ﬁ”ampdﬁ%mﬂaéc H%%Sé’ﬁyahe usefplgs pIIoAllE FanpRar @t dspiodedt 2P o t he
surface of subgtrrt@sadibaticBOMRS0. |T1‘IeQ dirs-e@ive GRARKACKO Wal Be b 1iQUl Brystal
crystalllne terlg\l Pri.or tqQ ass ﬁgg the el ectro-active el enment, the

‘thin filmis BRRErEl 3 fichsxede FaetPy “tgﬁ iR b“nﬁ‘?@’ﬁ?seiﬁﬁ?cly‘érd]ﬁ“BW)” Wired a
cloth such asleveddeeslo, Wiepsd Bel 3400 dirdowsey sdnal o;ﬁﬁﬂleeludt@sesc@msmmccBmdhact
with the buff i theI| uid ¢ tal , nol ecul .
o efer ont 1ol FRCFRE S ‘Hd‘Y‘ﬁ}éala Hiataicy hle SURY BTl HRAF THies A PERRETIT ¢ he
di rection i nrativelo i fpiljael akisrandethk alpero-yadise sleipfe dh fldce®in, or pamaleh€l THeo t he
surface of th ternatively nne
consiructed. e SRR SR ki Bt bER ARt i SRt GRER &5 pedlE T nhear 1y
pol ari zed | Ndlahght of electrode 310 is r1, the outer diameter of electrode 310 is 12, the outer diameter

25  of electrode 320 is r3, the outer diameter of electrode 330 is r4, and the outer diameter of

clectrode 34015 r5. The inner diameter of each ¢lectrode may define a different aperture size.

{0071) An electrode may be "activated” if a sufficiently strong clectric field is applicd
between the electrode and a ground clectrode, if voltage above a threshold is applied to the
clectrode, or if a condition is satisfied which places an electro-active material between the

30 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 clectrode and a ground electrode,

if voltage below a threshold is applied to the clectrode, or if a condition is satisfied which
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15yi el ds the sanme result as when a buffed alignnment |ayer is used.

100701Fi gure 3A shows a plurality of electrode rings 300 operable for
creating a dynam c aperture. The el ectrode rings nay be useful as optically
transparent electrodes 225 in the electro-active el enent 200. The

el ectro-acti vewgai®hial; 240 may be a liquid crystal dopedewgtRodsgisehroic
dye. Electrode rings 300 nmay be conposed of several annul ar shaped 20

el ectrodes 31fucc82hiccB3QctivanthicBidloct iden QRSB dcheBE poindm@Eeoet @t rodes are
possi bl e. Eac elecﬁrode is individually addressable. The center of the

el ectrode ring&® H%§ P& concentric relative to a papillary axis once the

el ectro-active elenent is placed in or on the eye. The inter-el ectrode gap
may be appr oxidhEy el WE:nptrhthid chBtapinmodatetiaimayschehsimpld @ystailiizendteypemadbeanet er

f electrod t f.
of 21 eet ot FAGuIh b5 AL LN Plulhaho51 958 BBl H°
330 is r4, 5 andectrhdes enrt reay leki dametvard ehened @ithgeddmw34brest® ld & apithe matehell
di anet er e\%ﬁt 1s%g% ¢h I[)(gtgwgcaﬂgé/ ?ig&rod }fﬁc cciléc [cef)r &0, us@tﬁ@ El}ar&eatpﬁ 0%1?(%8_}(%)? g 7i1]SAn

electrode ma
appl i ed betmeammmheIeﬂedﬂb@d@n@mdmamgﬂwuhuu@memmwbdebCﬂW\wvhﬁagewabUMB a

threshold is ﬂgg }ﬁg §Qﬂﬂ%?eﬁlﬂ?%ﬁﬁ%vaPBz&%%ﬂ%%ggditiOn is satisfied which

pl aces an el ectro-active na efia el ectrode and t he ground
el ectrode in an activated state. An electrode may be "deactivated" if a
suf fici ently 88Bbng Telredues peve caisdmpléionnppl-s4bisl lided chetallise fratchial rapydetsdlde and

a ground gj ect ngae hhwfzd &%& BEEmbeH AW q@vh&%h@cﬁoﬁéof%p@kthlﬁgstﬁt@s Lieine
el ectrode, or a condifion is satisfied

2009/ 117506- p@ﬁ%seszg}'eet@?@@awm (&’éé§maﬁdt%17"é@:’t Wﬁa‘@fqdv@tcr@fiéhﬁu%@r H#€ween t he
el ectrode andelnlQ desavnd &1ecticaflftabie 1@}1,11@@@@1&1'1114@&1@@;;§n@ﬁ§m ih OR64L When a

liquid crystalline material is used, the liquid crystalline material may be
acti vat ed whefrtanGbiHTat spgve! oW Hiv PRI oYtk berlaséfahlﬁthéw potallgets i s

appl i ed bet wagfiertdh® (eI RS blaBe §GrcanthudBical HeAs T onatRedMheBvidhiRbi age bel ow
a threshol d of apprOX|nateI¥ 10 volts is aﬁslled bet ween t he ele?trodes

The el ect’i ¢ S&eihepdishatddiof Raemyp ippttexitfat et haus Sy @fbul d be

poi nted out tshath bhairgkaetwtes +p%1@m in@re @aﬁplﬂa@bctbycnwclaﬂi;o@@@&ﬂ@hﬁy ot cn,
or over

| volt or |ess ts o | ess, 0 volts.

10073] To r edd‘ééS??B%L?at%B RUnpeiH, C*’é“’biPPléﬁgéfB‘I"‘éc‘} ‘“ih&E}FWOH?%/Q% SYSPE hrat er i al
may be used. vbRdyehibsShabiher dnid gatid, a@éycﬁfslallc_l ine material may switch between
one of two stable states with the application of electrical power (mﬁth one

state being ﬁ?{l ft i %P‘el?cg()(?esgtl(? 3%6]d3?f) d.%d Q%"di{: dafvgtfgc? dggl ci[Elg(' anqﬁ;?%% %%; st abl e

state). The abl crystali he o
stat e untdll dafbfed betendn rélaectttSrandabermm/%O Wil baﬁmhcctai@t\&@nslwmmhl dftlee bi - st abl e

liquid cryst %lecﬁ%egﬁtrﬁrlggﬁ Fo%e?ﬂ?ls%i?:ﬁhi%éﬁu@' ant% tusmli"ﬁow Eé @%1&1' Calo

power is only nee rom one he ot her: and not
remain in a §$@®9¢m?hemhhmwﬁabﬁemuudaﬁaJ@ﬂyéamhmpmeeaﬁleﬂhahﬂnﬁynwd

between the center of the electrodes and the inner diameter of electrode 320. If electrodes
310,320,330, and 340 are deactivated, there will be no opague annulus 270 and aperture 260
25  will now be formed between the center of the electrodes and r5. The aperture may be
increased by first deactivating clectrede 310, then clectrode 328, then clectrode 330, and
finally electrode 340. The aperture may be deercased by first activating clectrode 340, then
clectrode 330, then electrode 320, and finally clectrode 310, Thus, as shown in Figure 3A,
there are 5 possible aperture stops. However, fewer or more aperture stops are possible. As
30 ina camera, cach 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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switch to a first state when +5 volts or nore is applied between the

el ectrodes and may switch to a second state when -5 volts or less is
appl i ed between the el ectrodes. O course other voltages, both higher and

| ower, are possible. [0074]I1f electrodes 310, 320, 330, and 340 are
activated, an paaye-apnul us 270 may be 20f ormed bet weenpgtnaaghaszsand
aperture 260 will be forned between the center of the electrodes and rl. If
el ectrode Slomb@xﬂeagtjMabeduhﬁhenapaqyacaanu&u@pmkhhmnpmnb@q&ﬂrned bet ween
t he i nner dianeter oglelectrode 320 _and r5 aq% agerture 260 SMlbe
formed bet weeRPPREESNT S oG RYC BTCEE T DRSPS  Ch AP N Biaf il rFB‘PéP

el ectrode 3203,ppt|0f<mﬁteﬁﬁl ¢ odesviEhGuB2012830the ancud40natee mdeBeippualtdsty V bel’ e
will be no opa ue annul us 270 _and._aperture 260 25w | | w he forned bﬁtmeen
the center of"{'RE dkﬂeb;&t ! PP BN AR osS, tieMap ks 1o FPE W ebgeteri%‘r"%%t‘élléldsw first
deacti vatisng tedi @etpupder Bl sérh@ns elceatur0aer320in duhen deh asirbadens330, and
finally el ectrode 340. The aperture may be decreased by first activating

el ectrode 34 en t hen eI r a
el ect r ode 3180{}7{?2 ”I%%gu gheee ofsflsc éi.l.mulus ma%% cntd ﬁilglCI t%an t’hgmrﬁgr g? appugrt ur e
stops. Howev e(whctﬁ@\ﬂﬂty dnlratcdmtrcenapecct)utfeiusd: mp@arabeewmslm dmltee edgdf BBiannudus
canmera, each, arture.sto aperture hayi area of
the next smal’ °5m%? ePghglﬁﬂ%CF%HO?ﬁ%Qms ddgathChw’ﬁgwam%ﬁgﬁéﬂgare r oot
of two reIatKmh5MWp,mgtmeemw@hmdnﬂmemmdnamememsnmmnﬁach el ectrode. O
course, other aperture sizes are possible. Wen hilly constricted, the
aperture @ ag@é’?% &Y 10 (RETNRER 13HER Y b@?(,rn@lttyd élp metéﬁgt thchmc time for

2009/ 117506 2009/0375 14. approximately 3 8 y preferably be
bet ween appr GRiM@NsPUS chengerin étn-ctpeﬁm o%d Hradust ¢ fading 1rmﬂd oah%ff%\r@ctpr eferably
may be bet we%rhdaﬂ@rr@agcmhg tmd&eﬂh@maﬂl@t affsant%tmf@taé e%n@demgs Mg ful Iy

dil ated, the aperture dianeter pr oxi mat el .0 mmor larger. In
some confi guratyesd §nd/trr¢érféwﬁa@/seaeenﬁdbadgr eppgleg the éUtemtolfi@%l‘@“P%C S BHRE1 s

such 5t hat ttaawmeelﬁtstetd dRQivE¥E (SN 8% @eutéteez@@twé atg PREEL ddti @edi ikt Shar k or
di m envi ronnent s. 751The outer edge of the annul us ma extend further

t han t he ldut é{FaCé‘H‘tj%? férrt tThe clp s mw%@taﬁératqdmt Fsrciycdtie P ercReOriaeded) . | f

there is a gagobglwesy bN8RULERHEY RlicdheRMEbUSARgrkhepub er edge of
the pupil deleterious effects may occur such as, by way of exanple only,

hal os, |ight 58t ering, and reduction in contrast sensitivity.
10100761Each of the electrode rings may be activated approximtely at the
sanme tine fonmamtinﬁhaat@me@ugsehamgepMnﬂmhﬁﬁaﬁedeyemhabﬂmr@dmoaua f adi ng

in and out ef%e?ﬁd\{t\tha (1:113 }gac el‘éaho ma elgsu%r?oac]%zxeq' le[cp ann ts cac
aperture, eac el ectrode Ti ﬁs eacti vat ed

sequent i &Pl y mafFor reforeedpd &,"pixki@tcdiiut Erampsd may beuryode or stragc rt%ysetretvae@t i vat ed
fir .St and de%@:‘& Xg&%gn%@% oradn?ctw e tft.'ci p:)ﬂ%t%g rt%\r%t%@ gnd arnmrz-'lg%ﬁ%ym
rs e ac

activated | as déact T'vat ed odes ﬁbated or
deacti vat ed ifeoxmkéss than approxi mately | second, and may be preferably
activated or deactivated in | ess than approximtely 0.5 seconds.

[0078] Some or all of the annuiar clectrodes may be pixilated, or various portions of the
electrode rings, an inner portion, or combinations thereof may be pixilated. Figures 3B and

25  3C show examples of pixilated electrodes. For example, Figuere 3B, shows a configuration
in which each the electrode rings 310, 320, 330, 340 and an inner region 301 are pixilated. In
some configurations, the ¢lecirode rings may be activated or deactivated as rings to provide
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

30 configuration in which only the inner region 301 is pixilated, and the electrode rings 310,
320, 330, 340 are not. By sclectively 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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[0077] The el ectrodes 225 may be a plurality of individually addressable
el ectrodes arranged in a grid. Each electrode nmay be referred to a "pixel™
(the electrodes in this case 20nay be referred to as "pixilateci"). The
pi xel may be any size or shape. By selectively electrically activating or

deacti vating tpg.pbxels the aperture 260 and annul us 270pppyshedatdred.
[0078] Sone or all of the annul ar el ectrodes nmay be pixilated, or various

portions of tah&v:ﬁh@@xtde@;dl@atrﬂgﬁllg:S;i}dc&ﬂ pixBRB03 P dirOFD, dobu;,@awmlanq:‘cnmﬁsmp ber eof
may be pi xi I §530 show exa

gure es of
el ect r odes. ’rmegx Ehﬁ)ﬁ’ém?ﬁc@ peg BIxels RS G tﬂ‘ipé?fp?‘rf”ah FeH®ach

t he el ect r odeecrfhit@s bﬁ%xo;ﬁaﬁsclaﬁﬁn ogﬁ%iﬁﬂdwﬂﬂndx me;rn ah@gi acl3dbdariezs. As

pi xil ated. In, so tlons el ectro rin tivated or
enct Lvar e AESTPRLS PG R A RGOS oot D FPURS el be OGrE ot it e
i nner region 4Ry’ dPcdfd ioddt adh of todpaaizt wrthedukoopravidanaian apae tyr e of
desired shape and/or size. As another exanple, Figure 3C shows a

30cont{ gurat iiaghof 1 WLEMS0LY RS LANSIERS] BNA0RuRLaLl afelec AT e

el ectrode r| are P&t
deacti vati ng rnzhrebepmmixcsi wlan tlanmagd@agytyshamﬁrdo@r z@wwnidétqqnwy deQe for

t he annul us | exarrpl e, by selectively WO
2009/ 117506P:P$1 ep%fdbléﬁﬁﬁﬁﬁl%c? |86vfj§t€c|?‘rilg or deactivating the shaded pixels

303 in Figure 31.), a roughly-oval aperture may be formed. The specific set

of shaded pixels is illustratgye= riap[ﬁ Z(?WF%Q jagshapes and sizes may be
formed by appropriate sel ection of” e i nner region and/or the

el ectrode rings. As described in further detail herein, a specific aperture
and/ or annul Wschiafinb@ndeddsearéadd '[n(ful‘fﬁ:tr(dbtaﬁﬁz lzusieGre&gepe«thNI cCupeedin Guick as to

optim ze the atio ans nct f th e. 791F I

i ndi vi dual * j\gogll&@%ct"m\}é%éé hé# tcs W”ﬁ% gg?tlv%?\f%%lcm?fag%w %’1 ang{(%g

i mproved vvhenr 11(B1é)|19‘mg@ ;maal()l ﬂtyxas seemmmt zeidhe opeeificaizt awk shi@ qﬁadaﬁerteqm@ncy
S o AL bl AShF TR SRR B w7

G anger and KoaNt fuGoyper(§OF) lﬁmdcqmcnmahtaﬂvmrqffa vEun@tﬂf@mdﬁ®®11m®hs Govat el at es

with Subj %Ct 'Q{ﬁ gly ggl?ﬁ%‘il%f{)ﬂnl@%'{eoquh ac c]mag&dmgllge d‘Je lmeqi%gﬁ% ay]n%a oz

221- 30. It hds  béen Specitic s erture
to provide deswclfa;@bfemodqj.r Omveiferkemples cstuﬁtqde%ssulvélcvﬁosw%ﬁmmlagfib@ @@vbﬁcmsned by

m nimzing the, pehi Ldé%x}%%&”\}?éaﬁgﬂd tRESE B rQhaf QIR B s RonPH inBn VS U

perfor mance nmetri C

{0080] Figure 4A shows an exploded cross-sectional side view of an electroactive
clement 400 having a dynamic aperture. Figure 4B shows a collapsed cross-sectional side

20 view of the clectro-active element of Figure 4A. Similar to the electro-active element 200,
electroactive efement 400 includes two optical substrates 210. A continuous optically
transparent electrode 220 that provides for an electrical ground may be disposed on one of the
substrates and one or more individually addressable optically transparcnt clectrodes 225 may
be disposed on the second substrate. Electrodes 225 may determine the properties of the

25 dynamic aperture such as the size, shape, and/or diameters of the dynamic aperture. The
clectrodes 220 and 225 may be coated with an alignment layer 230, The alignment layers
have an alignment 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 clectro-active material may be a liquid crystalline material, preferably

30 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 clectrical
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15 strehl as a function of pupil size. Such a cal culation nmay be perforned
using ray tracing of a specific eye nodel. Specific exanples of nbdels
suitable for perform ng these cal culations include the "Indi ana Eye" nodel
and the Liu Brennan eye nodel as known in the art. [0080] Fi gure 4A shows an
expl oded crossyseational side view of an el ectroactive ebemeshi#@shaving a
dynam c aperture. Figure 4B shows a col |l apsed cross-sectional side 20vi ew
of the el ect roonmtadwéﬁfezhﬂmbalﬁdoﬂ?gcg:manmgz&ApleSiicrﬁélalbctt»ocntthm eduedd:sr Okacti ve
el ement 200, ? Fctnoac g 19 HDQ@ £ ];% cal, Qsééates 210.
A contlnuous(ﬁﬁr?S%WFL¢F$%ﬁ%% ?EﬁPdgfln?ro b RALE POVI es o

el ectrical gﬂﬁﬂmdwmmwh@mmdbsMﬁsedﬂmnmameﬁoﬂh¢HeﬂmumSWHaﬁmstﬁwquﬁ@ﬂwr nor e
i ndividually .a d | rans el ectro

di sposed on fthQec%Hngﬁ s? g?%“%ﬁf 6? I&bscgﬂ C%m“)ﬁ%F%?%%H% %
properties okxmhataﬁdyhamumaaﬁhcnumemsumha&sbbh&msdmemCSMapmﬂmamdmﬂw

di aneters of th m c,. apert eeMr coat ed
with an ali gﬁﬁ%%f te?@ e HaGS apfﬁ%cafcfi AT Ay & 1330 (gf\?hec Sﬁﬁw%ﬁ?) rr%“%nigahn he
direction ofﬁ@@hmﬁ@maegweesu&mmmbbamhmakmgmmuﬂmtmoﬂh@mnmému@smsuumubs 180,
270, 360 degree r [ ive [ 40, 1S

di sposed betwé’lmgﬁglgpcaﬁﬁgﬁl §&§Ple eﬁéﬁg% 8§&a8?“We natgﬁ &%% be a
| i quid cryst alibimaent w@erﬂalppiamwf lﬁwabfllthaﬂn)an}rfofaolmmﬂm cu:ffsccwyofoest eric, or
materi ol ny e deed ki en ke Ry Bk MPef A ur g
crystalline naterlal A control ler 250 connects to the el ectrodes 220 and

225 by el ect (Al 201 2 YycPEEY SEE7SHERETHESPO0U] D3TSA4hcderitedsivms B8 and
i's capable Ofen&%I et'fs@&llg‘ﬂgleﬁma}@ls%ﬁteﬁt the ditcBlofoAgt Nﬁ%’cr&m &Eﬁ@%ﬁ@%ﬁl thd he

clectro-active ement Have an aperture 260 t roug% ght passes
and an annul wslagzgs @trﬁhe\miceﬁufap@hﬂnwss oalﬁgtémcweagfaﬁwrm@f féﬁ&r@#d@éﬁl <rrﬁe ight

el ectro-acti ey, glemend pﬁ%ﬂclr{@}he ol ligon HRELiVSSr hiVBrsPR A %n@m@@@(}
positioned on either side of the electro-active materi al .0., bexterior

to the elléct ogies)by tmﬁ@uwmw Fsregn pery P dgoysd t%?@%&ﬂé@@'dhmf Hee ot ght is

surfaces of tp& pslRsddALAS IhB%ol%hfa%ﬁ aElQ80R6@ahd REAIHIaAR:S. MBIciRNE DSt
surface of the substrates). Each of the polarizers nay have a dlrectlon of

pol ari zat i on Iptixtteckitats Ge f“h‘éﬁ’&P‘F @%ie&?rt thé%‘%’ﬂ Hé clrguirdive F';‘?@F%{I‘* pieredtn t hei r

respective ouhefivaus kae Qﬁheﬁ'thceelecu RATA be@heeh Mt diRiradek gnaBit erdigieateilighigof t he
cl osest alignnent Iayer The gplarlzers have relﬁtlve dlrecthgs of

pol ari zat i on SBFEs@plegyes aligy wilds srgntaionghihgslsras Sl dgramndrtiade hsol ari zer s
may be reber mReghi@: dfkclidl 08 88bricR@lid, |hé[ﬁ"c§icr1ﬁg@@8ﬁi}stﬁblsﬁlzdle(aﬁtl1g4ﬁtlﬁdibstate,

when the electri.c fle tween the el ectrodes is not stron n t he
al i gnnent Iaﬁ@?gﬂﬂﬁ?@h t?ﬁépﬂ?V%@?%?H%W°ﬁﬂggTEﬁﬁ?ﬁ“@?}§§8’0%556 ggo align
Wi th the pol afdckrs ted sebdna pﬁufiﬂﬂ% (1Sblrﬂ’naﬁ@1ﬁ is ﬂoﬂhzizlid @mgmﬁnﬁoaaid IQ)IFB,H?lit[dght
entering the first E@Iar zer rized

The Dol o ve ittt Pos Bl i PordbR el rrals sRE Rab T ait o e

degrees by tReubl guiiguie eiysiial manichigdn now pass through the second pol ari zer
(i. e, the light is now polarized parallel to the polarization direction

of the ssgontsl ar L7l TORLENRLS ylilRdBRBthNAL St SLabR AP A0Re0RL L on

of light thr IS mnmze vated
state, when phenekeﬁﬁnn&wkk@hdwbetmbemnW%@ éL@hnpnﬂ@sﬁméﬁéﬂﬁdﬁg'@ﬂdwgh, t he

:O;?g;ﬁ dfgﬁf;?h(% el ﬁﬁz%@,sopé‘c{uieg{?nu%stﬁo‘iﬁﬁ bOfo G B AR ¢ PhndlBEn LG R0 T1 el d,
will be fonmed between the center of the electrodes and r1. If electrode 310 15 deactivated,
the opaque annulus will now be formed between the inner diameter of electrode 320 and r5
30 and aperture 260 will now be formed between the center of the electrodes and the inner
diameter of electrode 320. 1f electrodes 310, 320, 330, and 340 are deactivated, there will be
7o opaque annulus 270 and aperture 260 wiil now be formed between the center of the

clectrodes and r5.
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20 alignnment direction. In this orientation, light entering the first

pol arizer e., fight that is polarized parallel to the polarization
direction of the first polarizer) is not rotated and is bl ocked by the
second polarizer 0. e., the light is polarized orthogonal to the

pol ari zati on divoesdiereof the second polarizer). Therefoneﬂﬂgﬂm@@w@gtlvated
state the absorption of light though the liquid crystal is nmaxim zed

25[ 0082] The eﬂﬁ&ﬂrOd@nw&mgﬁwshﬂmmgpﬂmEﬁ@yﬁmSn&AﬁDﬂﬂHMqU@pMﬂ@thn@S

optically trapspare £c n .t he egtr ctive nt 400. As
above, if eIe?? Qdé%%? gﬁﬂgmggégsgﬁ&ﬁﬁﬁdm lgéﬁeﬁFgﬁlgdnd%ﬁigﬁ””annulus
270 wi Il be fwou‘rédmbeiﬁammmntrdﬂxgmdlar achadihapeint UT€c2i0@ran tluls cb"&:t faatgimd

bet ween the ¢ chr des an f el ect

deacti vat ed, {%ﬂecng ECavmletp%fﬁn‘rrllﬂ LR n?‘naﬁ\% B@V*f%bwa‘%%‘t ?lnct(ﬁ t} "Shie

di aneter of ejbmtmi@dé 1S20oanthor&l rB@an:d)r ame;nmm @ha@@@m‘d\dﬂdptdfﬂdeanngi’aﬂBxd
bet ween the CE@%.[mgf &Qe elmecctrt g tng di anet er, .of e“ectrode
320. If electro e g meiane e §;5“%F CHpsEcBY ParERE WhgrELEM™ be no
opaque annul usc27thoanolapes huay e @%wh\n[d ihcragwghe: dvoriredndaedsivaeioidhehcent er

of the electr n 2009/ 117506 2009/ 0 4 1008310ne

dr awback to d%%ﬁ% %6%5#%§?%¥¥#mﬁam#%ﬁmmﬂeﬁf g&“?ﬁgﬁ ﬁé%? §WFVmQQEBPWOt

appr oxi mat el yafﬁct%i erfd qvlaxaildenrnzndstogmlncxffzhecr eAdiinall, iHeitzhigsskuwehntds] \aBo i N an
actual deyjc the a ht es ther na. To
count er ac%/d t h e(]ﬂ}é%&fo%e Yeenﬁig Feghon n@‘%g%l the %’el m‘teﬁm% %ﬁgﬁl}‘fqlﬁdq&f"ﬁlﬁ#’ ‘odes may
be physicalIymndmﬁ®@&@&rmnummem@ndbmmmnmhashec5mmnmmbzembngmhewmeg1on
renoved may h rred col | tlon IS
equal to the ?%iﬁ%? glye ac?f%(t%glt i (ﬁl gvuﬁf‘?g dell?a f fJ c[?:% ?Illsﬁcag 1ec81f)vm on %%1061

this centralrnegnﬂﬂmlenemmbuhﬁhempmﬂarh&eﬂ&mmﬁy@bemwﬁﬁmLwhnbammmmreaS|ng

the overal | tpansm.ssiar ctive el ene

confi gurat i Oni ) Hﬁlébl?kﬁ'ﬁ%{%b%@v?ﬁ?g{}mh?% %!:e ﬁttigeq[aqsmutmér Fle Oe\'CI Ee 0 a uc ¥

and over aldl tﬂﬂ%h’rsfrﬁl%et@uﬁgursthnﬁdhceiacsleidlbs1mdchntnasmMiolbytwctrh@c tlar:amedmesoﬁhe

contrast rati £} ransmtted through the aperture
Qb 10 1L [focmﬂ i eﬁ@md%%&?fe%%@.

and light transmtted throu ann ween the aperture and the

annulus is i &#eased thereby maki ng the dynam c aperture nore efficient in
provi di ng deB bt fIi‘eI"EI‘“dliW%%‘aH’“‘df’ BRI IEheorpeshingi, coprsal gy 1919, may

i nstead be conpospdie@fly @entemdﬂﬂ&rth@éphlcﬁsa%s%f'fh'c‘éﬂ/@'ﬂ.tzcaﬁ)s@lt@eréygEsrhgyrﬁxh«l:tm ysed to
i ncrease transm si on, hereby favorin erformance in the transmtting
ural ﬁ

state over tR&HAINNS CoRTE 1. IB‘“eH’@ﬁ%S"rmfiH%‘é‘eO“&fﬁ? i”@ﬂﬁ%tslﬂé%d “ifhhe

transm ssion ceant ﬁx’i&ﬁftﬁca[idpﬂ Neturens hsodakicenednal 8. zqﬁmtdh&:ne&mﬂlow&cand a
region of the a cr eased 1008411t is virtual ossi bl e

rture n
to have an i impf f?flé‘amé%er??}éﬁfoqdﬁ‘? 'S PSRk Pe Bticagied §ysm undsy “Pr@? ?j@ FEe | y
centered w t hirtlhestdpdsi cal axis of the eye, because the eye is asymetric in
nor mal anat om c confi gurati on. The nost desired position of an irrpl ant is

aligned wt héﬁd%% de h%wa sab)'s?ﬁ%ﬁmn%emcng o?tl clel\F? ertii}ggbhgwn in la' ?\I mat el y

0.1 mm or tron o rel ati ve enter
eye's pupil mheh tib?egeamtamlclcgactre)ﬁaéwemmamdememmlmlrepammtmm@eaﬂvemth@umstances.

25  geometric center of one's pupil. Arrangement A has the geometric center of the ring
electrodes aligned with the geometric center of the electro-active element's substrates.
Arrangements B, C, D, and E have the geometric center of the ring ¢lectrodes aligned to the
left, to the right, above, and below, respectively, with the geometric center of the electro-
active clement's substrates. Arrangements A, B, C, D, and E may each be utilized in a

30 scparate electro-active clement. Figure 6 shows a stack of five electro-active elements that
may each be used for the different arrangements of ring electrodes shown in Figure 5. 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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10085] Figure 5 shows several ‘arrangenents of the el ectrode rings shown in
Figure 3A in which the geonetric center of a dynam c aperture may be
repositioned relative to the 25geonetric center of one's pupil. Arrangenent
A has the geonetric center of the ring electrodes aligned with thc
geonetric centgf Qb 1-Rg el ectro-active elenent's substratpg%ﬂsﬁw,@mgrrents

B, C, D, and E have the geonetric center of the ring el ectrodes aligned to
the left, to dgbgalekghy e @@@U{ﬁ,dp;ﬁfﬂdmlgﬁlym meSPesibMBh¥ly lVirh&rhnE%cheO”Et ric
center of t he eI ectroactive elenent's substrates. Arrangenents D,

and E may eadHciBEOROrMesmepPiofimtdnd 8 5yt é&deipathé@tdf‘-‘éﬁa%émwét %wélrdré?ﬁfwthh gure 6

shows a st ackh@bhtifer M@n@LASEAy AGId BLBLRh BIFBRS Sentdiadic PRYILRAGHIshRy UBsdrd-or the
different arrangements of ring el ectrodes shown in gure 5. Eac

h
el ectro- act i VB® Sidwiaaiter de pengpaf thy dynaang pedye py oay ‘PfffémB‘tc REFSEEE ARG act i ve

el ements. sThangiast! @ag@nla@ﬁgmwmﬁmmge@ﬂ@&rm&c@femz: Bifiar n%tamérrgeofnan glc8lsed r odes
and the geonetric center of the, WD 2009/ 117506%2 2009/ 037 44 substrat es

may be bet wedhASFFBRIHR BF 5 BisinriaRticEpRe RaRer Yl Rnfenihef

preferably befywaen :aRRFOXIaIRLE kY 1Be OF 3R aNde ARPIPXE ARhAIMnQn 5&%@@% eré arshoul d
be noted that other alig nrrentp? at. any. angl e betwe?n the two centers are
possi bl e. Thi'@PRAEY¥4ISHEEpimn{aEd g8} crfa{lweat it OF Tphef bhtidhe BT t ¥y nani c

aperture by WahaOfisdagdk @a@ﬁsuameww@faf@ka@me SihRNkr J&@éneﬂﬁ&lﬂ r&iﬁé]gl cally
|rrplanted One or t he arrangenments of_ ring el ectrodes

activated%o “E%‘eoé%?ﬁéi?%ﬂ PP PE dPHE R TSR GTE . TgisaE0 A18 give %%‘é’se%nt er

of the dynamfer @paeningdtie: Iimeloadipief he uidiewhy Men @tabi@iteo®h oF hR rdiBRIoa This is

inportant in £ases wher e an |an ant was surgically inplanted out of

al i gnment wi PRSI By Wight of the user. Certain retinal di seases or

trauma such as, by way of exarrpl e only, macul ar degeneration, retinal

10t ears, or r[@ﬁ&ﬁhal The higod e apcsturay bidainaget & ticd@homtaig thiveumet pwdl.to Thi s
the |ine of user away

al so may al S%al?a%céj&g huAf ffcfdhof thecacl cI: nd/?HO tcciucc t:hcf‘ h‘f)l}.)d 10%0%)(15 I '%}{1{2@%“&%’5 1h

froma dama regi i‘’na ion"o
[ 0086] ThdSUS@laafingahmlc&ped bfumevx&u@ dofifegkmay pfaq'otnudcfrcct mcxhh ogfes obtht gratiglg t he

human pupi | %%dﬁflﬂ@r{‘@% qpﬁcgzﬁgthc Cl)[% zg 1?155&: ¢ badh Hifr thﬂqgélgéna& SL{a & I’lﬂﬁ al

i mpact of off-axis str rays in eat'| ng er vis
artifacts maychevedbnsiidered tapeef rabdukcacsesi afexdrhyde, stpaemlaldemuigltfa@dfmﬂ of

light enteri %%ew%{ol&gés’b‘%% a;!c‘itmt&%%er o «f %‘d@g? LJP%; ﬁqghk'v% 'dcs‘ﬁc&%@x! |

benefits may ac usi ng ot types o exanple, it
may be desir &6bd, seh @eff?l nevorsser! vpropeks. | Oge b‘ﬂyafrﬂoa}ﬁeﬁptﬂu’pb’efi l‘he agdif et on to

the size 2@nd aﬁ&@ﬁﬁoﬁ &a&&@%!t&?%o%h%%hﬁ/& aﬁ(ﬂlmlof ﬁéﬁt@ﬁ:{h’lngsd‘f@@cas for a given

set of visual tasks. One way doi ng so I nvolves the use
{0087] In configurations in which clectrodes 225, 2225 arc a plurality of individually
addressable electrodes arranged in a grid, the individual pixels may be selectively activated or
deactivated. For example, such a configuration may allow for relocation of the geometric
center of the aperture 260 and annulus 270 refative to the geometric center of the substrates or

25 the eye's pupil.

[G088] The devices illustrated in Figurcs 2A, 2B, and 3-7 also may include an
apodization mask as described with reference to Figures 2C and 2D, which may be static or
dynamic, In some configurations, the structure described with respect to Figures 2C-21D may
provided in addition to the other structures described. For example, the devices may include
30 an additional layer, such as of a transparent polymer, that incorporates a refractive index

gradiend, or it may include an additionzl electroactive element 2200 in addition (o 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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20apodi zation mask to alter the phase and/or anplitude of |ight entering
the eye. 100871l n configurations in which el ectrodes 225, 2225 are a
plurality of individually addressable el ectrodes arranged in a grid, the

i ndi vi dual pixels may be selectively activated or deactivated. For exanple,
such a confi guxgbien Ry allow for relocation of the geogelpkLosgnler of
the aperture 260 and annulus 270 relative to the geonetric center of the

; xbst2 rB at esdognd;cﬁto:n&;ﬁamnsv @Mfﬂbd&uca IQQﬁﬁv}lﬂdEme:n deytiagsnior Jtmgg tiqkied: gug[ tE’ltglﬁlr es
an a i ncl ude an. apodi zation as described wt

reference to ﬂﬁf‘@ut?é%d?‘gélﬁﬂx P90 ST ﬂ HRGIBE 1 ﬁ{nﬁ’&dtw HHAR TV P sone

confi gur at i ongeviddadyshe tGhite 6f EB G @@d;whhthr;@;sm@)tl @mcsl:z guﬂfcesxaa@-aei) rray

provi ded in addltlg tg the other structures d scrk ﬁor ex%gp

devi ces may iHETHES ! S0AR M4HRIOFIIGA LRI FyRpamIE RRC S0 8F DRnpPdRg X é?ﬁ"c

pol ynmer, tshatindddGeidpar @taesychhdvall:aalkdi¥ee indeeof rgraddent , or it may include
an additional electroactive el enent 2200 in addition to the other el enents

descri bed, Or P#b ?Or H)?i[isact edm\{\lng\tsxhauta thdy [ Lx1txod]1elg%r.f)tyﬁxs,:n§a mllﬂlzt%ct?ndcy gﬁ{ %t ood

by one of ski in the ar ANot her exa “lde an
| ayer that hamnmmmabmﬁmabhenuMMm&amgkhiﬁﬁﬁﬁnECﬂkMSE@QQﬂOBﬁﬁaﬁemmﬂex of

refraction Wn ﬁl %tmrgﬁ’hc llgve?gfl 4e¥ocg‘Ct i ]Vl%}eeddé se(\)fgld Opdran?{:?crtt t'hrt%“? %9 r\/%ﬁédr&gl.o‘?s thé qUI d

crystal that S refractive 1n vati on.
apodi zati on nmswaahsohmaykbep@hﬂmodmd«bya@neh®rmhbﬂwp@ﬁwhheth@véa@we

descr bed ol {1 L SPREGH S, FLNIES:. 2y Fe 0L CHRTRES 1o SHSHLAL B 240, 520

may prOV|%% a mask ‘are tive
5i ndex gradleﬁmnamwaglaygﬁohambhgkanuanwmnabHEtmnde%<©ﬁnm@¢pa@mu@ﬁ The

L0089 Phase ik k. ﬂgstg@far%gﬁﬁﬁ Wy&%lé ALIQILARML R, UBliRGidh drah T act T ve

i ndex gradie acr aperture that ca a variation in the
opti cal pathCdmﬁﬁéyanmai&mmhouﬂwaﬁﬁ@dnﬁngmﬂhé | evel of defocus a. There are
several paraneters that may be varied across the pupillary aperture of an

apodi zati on ngge; as /@djfn'dﬂ&ttﬁ@l@ 1l bt A ehob b shAGhME if that B encrBEEtAGkdYEand
10i ndex of the nedlun1 he thi ckness of the material, the optical,

transm ssioon,! ‘ﬁﬁlﬂdftoﬁé‘o'@ﬁ‘g‘jé“ gepaetiventies of the cyp Aypeesst 298Ubsse chatapdnificng on

whet her the r&aﬁkonln@n@%pwaaq@xcotmc ali@s)and ddpen SYBSGs BBYh Resnsh@tated c?d'(cn
dynami c. A dynam c mask is adjustable by application of an @xtern

appl i ed forc@aéﬁt&hd%fgmalﬁdaé?déé&r P2 libﬁﬁbé?iﬁ) é’iCWI”E%GOI%]OJ@JCEMF?é%ﬁ SRR fiobe

superior to amgthetdiferfmdk tidle $MAL sad® bR ilsahgRbmeb&dt@Ncee, ameh Lidkink Wi nati on .
condi tions chﬁngﬁathe optics of the e es to aﬁ% t these han es in

c
the environm® P fegbed gt Pﬁﬁnﬁﬁé% ﬁ?@h A “gdablA oghe pseY 8?“ n

aCCOWTYBdHJOed(OQYIQ: tQ@:rom@Ednl oah&cﬁgﬁ@iﬁ@ﬁfﬁ@@&h@ﬁhh@b&ﬁanfd;ﬂ&ﬁ cfére [ﬂ;’e&&bglﬁ@fa}le Vi‘ ewihng a
near ] ect far st ance, about 40 C | erent or tho t he
same eye in |d‘é’§a"8 ‘ﬁﬁi‘[f QP@HlC’étttéﬁtépc Wﬁié’ﬁw\‘}ﬁ ‘éf\c}j\%‘cn"’f%{hcofjlﬁft@gtdc‘é{fe @ﬁq ¥eet or
greater. |In pafidnk Qukraerdymemcgepxhh g6ifig fonetesvean addittnlte thie anablh eA @yeerinti krlethdepend

2000 the LyDe. oL viish O, SOR Sl RIS 80P, LR REN LG Bh cnit fper ef ore

hermetically encapsulated between two transparent sheets of flexible acrylic polymers,

25 synthesized to be biocompatible in an ocular environment. Orientation of the liquid crystal
layer by application of an electric field changes its refractive index. The modulation of
optical transmission in a dynamic mask may be preferably provided by using a guest-host
tiquid crystal systerm, in which an electrochromic dye s incorporated into a transparent fiquid

crystal,

30 [0091] To diagnose and fit 4 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

24



dynami c mask w il conpl enent the type and power of the vision correction
device that the patient is already wearing, or is going to receive in
addition to the nmask. A preferred nethod of fabricating a dynam c mask may
involve the use of a transparent liquid crystal |ayer hernetically

encapsul at ed hehween ko transparent sheets of flexible agfyblgRalyners,
25synt hesi zed to be bioconpatible in an ocular environment. Orientation of

the Iiquid cresdpahg kayRr) thyy 13 pRRletat fhodsifce Aot beG ke bi @hidert hangessi t s
refractive index. The nodul ﬁtlon of opt| cal ﬁ%&rﬁm ssion in a dynam ¢ nmask

may be pref er'@bFPIUE ded i ang wPoglddbe bf e ned eystd| 9Yegtem in
whi ch an el eahE@GRERRIMOMAWR raSchbOAkPRERL B NOEP o8th HARSD ahe Binahi Cidhsd
crystal. 30[0091] To di agnose and fit a patient with a %ngm/c mask, two
measur ement s W;l)ﬂlewéogp@w?@&r%ﬂwdsf%a@awﬁwwﬁf@ﬂ#ﬁbéd &1 78 PRSERRIHSR ur al
pupil as & fq?@ﬁlb Qﬂcxﬁfc:f@fﬁhh@ﬂﬁb ididn@bd vibRv@kks. andxaneasharenl b@f:nthlil?m
ener gi ng wave

t he eye ted wth the mask. A phase I|tude
profile of trpéﬂwﬂwdgm:% # %awgksoaotgfégwa&ans lwﬁﬁa|the.“ﬁﬁ@aip%%f1
(possibly WoROOL UL ROEME FHTéclidDROQRMRITLEY AmexLePpt gk dedfuatis) mrmyobe
gener at ed forggl stance Vi si on ov rang‘e of anbi ent evel

r
exanpl e, the '§patd P! PEEgUEHE! ayat?‘lf)g-‘éﬂ{" ISk gy ‘Blf’llaf‘t%‘ép‘é(lfﬁ%l"ﬁz’é‘mé?e and
dynam c aper tihf §p&ypShe MeiRieriRes iy eheskrkitgtinehpeak pofudé e fiNEShhofictdie
patient. The dynam c mask may be programmed to provide the appropriate
correction ba?%gd on the phase/anplitude 5 profile when perform ng the

i ntended vi sual tasks. For exanple, the nmask may be entirely or partially
inactive in H90ght dutdoon- ad:tivghtenmnt tmetyﬁercambtemt;\ifi@himgibntwmi ehrst dygicelat ur al
pupi | cl oses, case of
a mask encapé’u aliagl agér)\(:%an pi%%"ﬁ%ﬁ hﬁacgrc(r:\ig?'iigét F\%ﬁ&é% cor neﬁrcl% paga,I

dynam ¢ mask paayr ibe dearplagttsede pddinoy heoe tpesdcolrdnpngalpwlalpm@pvatatteatc Ti&c
measur enent s e | J .t f at ed
10eye. [0092]0%@95 %3’? r%@%a@t:[ﬁag%cwedrrce%ﬁ ma e&héggI Cb(ﬁ o %Loqt T 55 [Qg{ %? ween
a first Opti chctrplsnelrthasictn- asewhfdncmp@rp@e&bdemplcdqfhm@dél@*@é’rhgldadﬁli: ve

el orment 2 AREo LRe LLhSh OB 6Pl ROVRL A0k SnIGACLI NG SHBLALBIANG TRy
have t he second optica I'n an acwatedsae o-active

cl ement may bé%iuvﬂcaofaé%l@@qtmam@@ adqrepnparphkaye e riecont pmdﬁﬂ@mwﬁﬂa@égldappl ied to
t he 15el ectr i [

predet er m ne%q?ﬁlﬁ g\éel}t h% C%Cﬁgg& 8%%&8@%%: @g@ﬁé&%gﬁ%ﬁm#ﬁﬁé o8 O%tl%arllﬁixry]el g.L(l:q[hl vat ed
stat e when ofitat B clvpreadiol tlages spitiedf neidipea @né@wwé@ib@fﬁnftdﬁé

el ectro-agt | \é&nﬁlh&ygeggma ewatttam?gc%c%@,@m@ iR Qﬂ%l‘%{omcpﬁﬁ ddeaplabea

Al ternatively, the cl ectro active el enent may be capable of "tuning” its
optical powel°%tich that the el ectro-active elenent is capable of providing
a continuous, or substantially 20continuous, optical power change between
the first opfeoa] p@W@fm-@ﬂdeﬂdﬁﬁas%@@%dsﬂﬂb c&adct POVRKentibR) 933dnl @atdndodCt | ve
| enses may be useg CQ'rrect f.or co ventlonak gr non- co?ventll q]al errors
of the eye. THE®E ?J“Fé%eu O SRS MY BaFEdC DY PHECEPEET Y FEE T Ve e Bl Bht , by
the optical swhshteatBe Ofhtidneic0pPbidral micembiamson oBthebyo.a conbi nati on of t he
two. 25[0094] One or nore el ectro-active el enents having a dynam c aperture

and/or a 29yn?6ﬁ99} One or more electro-active elements having a dynamic aperture and/or a dynamic
mask may be attached to or embedded within an optical perform, optic, or substratc that docs
not refract or diffract light for the purposcs of correcting vision crrors of the eye and thus
does not provide focusing power. The clectro-active clement may be attached to or
embedded within an ophthalmic lens that corrects for the user's refractive error caused by

30 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 & first
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mask may be attached to or enbedded within an optical perform optic, or
substrate that does not refract or diffract |light for the purposes of
correcting vision errors of the eye and thus does not provide focusing
power. The elcctro-active el enent may be attached to or enbedded within an
ophthal m c | engothgh.6Rrrects for the user's refractive @rf@teadsed by
30nat ural anatom cal conditions and/or caused by the renpval of a cataract
or healthy Cfc}?@ﬁxﬁhbtiﬂ@@ chieftshavin e dppkEdpkmire of @nsmivayasial 150 fiGOEE@Gtacany Ofr
all of the us?r ) convenélonal and/ or non- conventlonal erég{ of t he eye.
Thus, a dynarfi 2 %pertiiroad SRt s dHIRTE HHRER Ay BEciRt &Y Wit e5CtEp-

f ocusi ng | ensactiA dl@rﬁdlazﬁ'lhy/@d Qﬁpabﬁbf@bz@@hﬁ@ar@&ﬁhﬂﬁfﬂhénﬁr hRyvdnevel andidrmgt- WO
2009/ 117506PCT/ US2009/ 037544 el ect % ive el ement h VIH ad an

Sportur e or CYHECHMEEE SIS 1 B IR Bet T Br . TSRt s

el ectro- act i Ve&CebenEoL, ind m:a@tbb@a:ld 1@@;ﬁmmoﬁ1aiuh@ﬁlzdﬂlvhfh dfb@isink I@k such as, by

el ectroactive elﬁnent ma apabl e of correctin gjor aII of the user's

conventi onal ‘KHE GF RS yOFR/ ﬁ&Wéﬁd“‘@F [5%-& cgicq! fllave g soneghania 818 devi ces
may be a cor npadac@rib@yhedoaOihpeal minbaytsticainc koo of Aterigitd Phical pordleriay be

used in optic C on with.a focusing |lens such as, by way of
exanpl e only, da%mffg{ua%éeg?ﬁb%‘}nﬁlnﬁoﬁtéwl Ws?% a corneal inlay, a conical onlay,
or a spectacle tens. The focusing |l ens may be static (incapable of altering

its optical [8¥&t) diigudyianyie s afaliveorsicalaletiessinagng & dyropid palturpeieh) .

[ 0095] Fi gy e Nd..(? eyl h n rture
it oh 10y arap e Bl UEW PRI TR TR RES R o e LA 1032
shown in Fi gumaydePRdiEBsligti PCxmaylcbe ddﬂmﬁ ftabelepirgd Hiapivs] 9y usk oF aresutampt & by
addi ng st ab' ! b&bi CHQIBJI&R%OJIWL hlﬁl&gﬁ r?ag'n(,a eﬁ{n'e 950198&%86 ha‘&%h&}é%@er 100
or 10L having a dynam c aperture ¢ o 508 ave onhe or nore

cl ectro-acti vemeleteshesctbglemBhieéit oﬁlawprw@wedi@mhiloﬁlﬁ beaymibetogilavirbar t o
e'eCtroaCt'V%m%k%ﬂ%%ﬁ%z&QQcﬁbo QQy&ﬁhgﬁy Q&nﬂ%€§u§: ¥§?§kﬁm ﬁ%&k%mﬁnd/or

apodi zati on nmask an 5may I nstead row a ch ngea power. The
cl ect ro- det i veryalass providay cwg@b@mu@épwmh'rhc @ﬁct@tmammbmgu%st rates
520. The Sub%%@&@&w%){oh%\é%lda% 9@:}&&&'52@0 4 suBliraRYnaDAYR | 9%&1&5 pdWY: Gr
optlcal powers. The substrates and/or the el ectro-active ell ements my be
capabl e of c&tYdEts Mg of Bereaptiabpastera P relsgaicofndan (hestecag-petivs Aveptts Baal

and/ or non- ceavgabl @R&:: e@t‘frfg%r R1caltNSoANE of ARl LAV RIona3Re/BB¥mDeE
electrically connected to 20el ectrodes i'n the elcctro-active el enents

by el ectri calorshtiaetqrgnel fsfa@e a%rr@n@l@eﬁ%@@sbwtrtfélﬁx Fenggtedpe they

transpar ept apekdddt & twc&edc@cmcm b%@%@ai@ww:ms S4o. ThIQ@cﬁcﬁi'&ﬁPna}m)St ly
transparent” neans ap pI‘OXI mately 50% or nore optical transm ssion (a

preferably 7995 e fransAdCT Sher sl ﬁamﬁ!@t@ggtézrﬁnwum%‘énl IO @H{Silb al

transni ssi onraddperehie madnbrxpﬁbhma@aswm HREBS PRI IS @hy peRMLeT 7she&S
optical transm ssion andé{)referabl 35% or less) 25and isn't peant to

necessari |y MOKH 2BdBHPFRAI nereatiahi BendA0Toote] thsmésnet Fited msstihave one

or nore Openbf%glseﬁé&nawcsxﬁm@gyes%%‘é&sg@n@!l | HaWsHRLK dnl (B 1S RABIL BB YR Idstl ar
wast e prg ucts tQH_Fass t hrough the §ubstrat es and/or the el ectroactive

el emsnts Thé“‘b‘ﬁ‘é ??@Emé‘ﬁ%fﬁ%‘f‘ YriB?aéé’ eyl drapisi®d, by way of exanple only,
by a | aser, or they may be nachi ned or stanped. Typi cally, the openings and
pores are Io{ih)@éid aflhe Qﬁstm-neﬂyaewtd’dneal InorcwtlhegbvﬁiSSendﬂ@rpomﬁisﬁ ealloar eas of
the |l ens or oqmn ctrodes do

not extend or Tdnlé%i C"(“:j}ﬁﬂm‘\“h% Em? rpé%b “éﬁoukght?(fo“’eu\é\)llntélalt(fb and tg ?el SAE when the
| ens or opti @cthavicmgnta H)ert@mmgsalp&fbt pma sy hm@teasb@f@cm“ raeealhpla ol mby@r

corneal onla V\Q 2009/ 11759 CéT/ U 200(?/{33 ﬁ4 l1 contraller may
dkel prghey e b Friat g8 Gr STamng 1 t 120 Li‘:llT\ dnd T2 5 Gled I
draw at | eas of LS i cafnp ower Fr'om p ower ppp1 y
30 non- clectuca] or otherw1sc non-critical arcas of the lens or opnc 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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560. The power supply may be attached and integral with the substrates or
attached but not integral with the substrates. The power supply may be a
thin filmrechargeabl e battery such as those manufactured by Excellatron.
The thin filmrechargeabl e battery may be capabl e of 5being cycled in

excess of 45,008.6%%l-6s- This may provide a usable lifet 'pF’?/U@J(m)?(Q%?r? years
in the lens or optic. fvvo thin filmrechargeabl e batteries may be used and

may stacked o7t oprikBenu@ESKay drddy §ihiast s%aear&w&tllc@qao“@nﬁc)I@fd pbh& sbang eries
may be used for 20-25 years and the other battery ?)/ be switched to when
the first bati%8ryhg I%"“f?b*“l%‘?fi@é‘ﬁ be pachgs @d ‘W&“él“ﬁ%t”i‘c\ﬁé yratet fgatielivd Puigat t er y

my be sw tChﬁQ%lhp\mlﬂl\/’n@su%htgﬁ@' TREMweF QIFRLahY, HeQ thiRGIre RBLL Qa8 battcFNhiSh MY
10extend the lifetime of the optic or _lens to 40-50 years. The power supply

may al so be &°dgpaRpbictureihy Fﬁ&@)\}éw%uﬁwﬂynﬁﬁw%@al%@é%tb@m E*ﬁié?“g@ﬂabl%%f way

of exanpl & ondeihg chdfed 18@#&&3'&'35 od@@%&m[a BB} 596084 Lda¥R liE&hle 028828085 in
pi ezo-el ectric materials nmay al so be used to, supplenent and or augnent the

power suppl y't&e B PPiC dvobh lﬂmlwh{ugwi}ﬁan]cymaf heused gt maysdacked deglercel |

and/ or the pltﬂi&ﬁéxeﬁitﬁis@od’i’%ﬁﬂﬁbrﬁbﬁe Saye @l&wl@h@ytbbawa@@ctofz@rye@ﬁ mé supply.
The light-sensitjve cell may a solar cell. Alternativel

| i ght - sensi t i&" &fery fﬁweb&(ﬂ%{wi toswhsiih thh B R & 10 ey Opcnﬂﬁé p“ﬂf@tnawm ai ¢

cell is util ItKGE(Qh@IBQteL)Oﬁ%t&CEv@MEedQ$ bweﬁg;hau B8\t anoﬁ:'lygthtthe%nﬁ&%i ‘Hiehay@and nore
preferab ut i cated peripheral to the margin of the pup|I when

Ly,
parti al I ydi |eé%<§316§}%8%Rﬁ@%gpt%ﬂeﬂﬁ - N reansy IpRpv o HED vy P b 6ptic may
thus be char geghclt. 120 puséRGpANmeY B @abR1Y ASQEd, 6aRAPbexaihpRREKIhZI Ng t he
1.5 pm photovo|taic cell or cells. The user may position his or her chin
and for ehead "fHf%"a devi ce that provides the eye safe |aser energy needed
to energize the 1.5 pm photovoltaic cell or cells. This may be acconpli shed
at home once [@098hy v igasSemaaeate@b STFhencmimomtccememagynatsmytaeorbcomiddced t hr ough
very darkcr oSt MRk Bl b bR TS TR, AR B e g
When uti llbzi mglsai\fic@ qndﬂopthcp@vmcicaiccn@@lalbrmyotbeﬂladcshwmcbmfonapbwm lseyrpdy. Olthe
optic, the cel I LN ¢ 08 Cca l & of -bendin Wh usmga
1.5 pm phot o(?@(l)llst(:8 gslltgl%gléﬁng%%‘{@%éggggﬁef&@?paglgﬁﬁﬁ%glfg%ﬁgﬁ“tm?ﬁ?gdlc"gﬁylbsC agg ‘Used
and are pl acebtotprpltaicpelt t Brephothatltagldehiwsutifiord dholaditngowdiof thollihe pigighhel thens or

optic over o O I - 1 . 00991The
| i ght - sensi t:h?fZ Ig&ﬁ?r tsogzgm {/Ltgggéaﬁ@o éa?edé]gﬁ]ﬁ{ &#ﬁghés@% P A@@T"’ﬁ%ﬁ%}”ﬁ e | ocated
in front of (etabetilated by ﬁ@kmw,rbeialO@ﬁlilUNéate@tel)‘heém osepEmetyehys bdickpasde from
a portiongof u&ﬁ'@ad 5)Jc§af9faséc 8le of oRY angmcq ) n?ﬁﬁcfté\%ﬁ!m%\él{ rrcl,gllsrr?{lc gRer ably
connect the solar cell tot e contro tic or

el ectrical wmeY ﬁ@bltmyﬂmé@ by avd derchdas lmﬁ)dctwcwﬂuahm@wd?m@hycnsgfcﬂhel dneiigy and
WO 2009/ 1175Q6:4E6H CQ%QQQJGQ%ZﬁrA\'ﬂhOt&Bﬁ 1@@!:[)’01%@“”%1}5 rﬁé} 1%*1&041%%% d%}%

the anterior or posterior nmber of sol’ar cell" may be large
enough such P& dey OkﬁﬁmqeésT%me@fwaﬁl ea!lowﬂed/\iérrougba@@maafélfqtmunéed
for a separape, ROWREN-SERRKN dilkRe phfi &u?éd%?%%z%:%'aak%&ﬂq%%%ﬁ‘ d0%Le HRRGCT

el ectr|C|ty and may have_a ormlpactor has the appropriate tensile
strengt h“to AYIAEY pRECH fsgyc ]é,ié]Ii | Wihpn pilid @d ) %“@@b@f@‘f@eﬁf‘?%@r%ﬂﬁ Bl thsne or

nore small hehes JpaY, B8k h 138 nbdd§ bpyap@mcgmmag Mol A$ES = ﬁygﬁi that
the thin el ectrlcal W ring connects the solar cell to the 100 or L t hat

houses an el BRYG-HolEqGel BolchpplRrl bepdinp oTuRiNlaisds 8¢ vigEnEara §leageisie AiPHER her ei n
may include @ BRBE Yor m@HaﬁL os”%llﬁﬂg'tl?éllcr@?oq) o @ ow"c\eﬁl%ﬁiuﬁ@hic%@'lﬂglot nﬁnsQFi foRer

shape, positjoning and alignment of the device after being f
into the ye.
30 {0G99] The fight-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 controlier of the

optic or [ens. The electrical wiring may pass through the pupil without touching the iris and
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10 and inserted into an eye. A nenory netal "renenbers" its shape and
attenpts to regain its original geonetry after being deformed (for exanple,
while being folded in preparation for insertion into the eye). The nenory
metal may al so function as an antenna for inductively charging the |lens or
optic or for rgeshMhndesSignals froma transmtter. The tr]@hﬁmotﬂg,@gﬂgmy send
a signal to the lens or optic to change the dianeter of the dynamc
aperture or t@ac(ﬂhfyngemlﬁbhﬁé ibens 161 onhi &iﬁéuop@r\/}ﬁ%m1(E1Q1Qﬂ,ﬂeﬁoﬁlﬁél§ﬁr Th8G 4y be

i ncl uded. The sens e a ra e finder for detecti a_di stance to
which a user “E‘dryﬁ": h”dg%/%‘o Pyt ‘ght UGS GIOuERSIcqE | gt loobmetetha et B 565

for detecti nga :&epgh& pbh@tsubsy. almalﬂﬁﬂblcﬁﬂﬂiﬂ Qirinigdychedonti@t EB@ridigNSd By 8Pkl C.
The sensor f I%Jde g? g one or m) e o{ t he fol]low ng deV| ces:

a phot o- det ecf S}m KB RBicB I P aire °8F‘atwn§5§8W¥* ovaiddhrotelt edl ip plaéc Pt
switch, a §i ghincsengraion, @@Sﬁmvsa: shan g6t inﬁ'jdbd'h@adiQNl}ﬁﬁﬁsk@aﬁlloﬁﬁhzﬂfmc [fdei ght
rangeflndlng dw e tracker awegkdﬂfecto detects where a

an e h
user may be Vi'€ ﬁtgtgetﬁ é"t‘%@fﬁe‘?%%@"é?ec“&h‘bﬁo ‘P&hesl\ﬁot?fh L&raphryssseag)
swi tch, a mandaktoaurrigencontrol, a capacitive switch which sw tches when
a user touches t he nose bri dge of a pair of spectacles, a pupil di anet er
o the 11 Ke. TR Ceris BB R B R BT Bt Pt P R P G B g8 10
mec hanl cal systcenphi{sMEYBE pgwttssmp@smamapm&bhhfgmmmdef thetievig afiet belrtg foltied he
user's heagd qf 4 Yl i f ser's ey l.The sensor y be
oper abl y conngcﬁgg (;[%61%%)%& %%‘,Oﬁ{;lr}eo lr);rt}]lgtall_‘lj_ cmem C]S QS Sh[dge %1% dttcr{lpt‘; 10 1¢ alm
i nformati on amigingbgedmatrsiftypnbding defarmed (fomxramblleewhdmfhemh fdﬂd@c@gerssar’aﬂm for
activation angdlal,,39deactd VAl of the
| ens or optic. “When a tefgg or oeg%a%m%crfl%daégsg%aﬁmg?{e nragltcglg |Vé1 u(itﬂ%?’rlw‘ént
havi ng a dyna?hﬁl@mapl@rltimoeommbﬂ ﬁqrr@pwdugza,ulai@ﬁomsmnﬁtmh@ Blertsospittymayay of
exanpl e only,. 0By det 86l | &
Tt ormat fon €5 hes Ebetiea ey bAE L, B dlb Ol oAR RATTURLAR & b Ol
be | ocat eld |r‘iil%JCﬁS\A@pQ@@mViCNSOGPCOlJ82009/ 0375-14- peripheral region of the
lens or optic and |ocated behind the iris. This location may be useful for

sensing increemes andiaior @ﬁpﬁl%at%qﬁclhd&da‘fﬁé 40@@1 %ag’bgmang@ﬁﬁﬁ:dfopﬁct&hﬁga
constriction and dil ati on of the user SE% ure 19 shows that at

ni ght, or i nSESPRABILIChASE it FRang©dpeus § o EegPF HEREenSTNBCGEHS AT senses

dar kness and dtaﬂ@&n@@ﬂhﬂ’tﬁ)zlt|1sﬁd’mb"@1¥a1@&ﬂ$@1dchﬂoQ%ﬂé@o@olﬁﬁe'ﬂlé‘é@%s&m %dl@%e or
remsu n dil at d Fi ﬁure sho%% tﬁﬂat duc{ the day, or in | |8 when t he
& flle e§‘é?fs

“user's pupi | ?I S*UBRELF BEBY e © e %E"’ct‘héeff’%‘?fr%@?@"{% aif pigpY  and

the cont ol | eensiviry phasiss], & B syohpamight 8@e6T UpBsil Orab@NSdiClevicd aditibag C

aperture nayﬂrgghai n gc{i]st icted unti| the sensor }H“S%I%ﬁ darkness or the

| ack of avail &Y 16t 2R “EETAET n? YIRY 88 RGPV ClERvhelrsaistigey be

controller nayeweg,lsreacbhaoﬁhyﬂ@ﬁﬁmﬁ)x&mej¢vufcﬁ at[ﬂhydbdi albigch, 4 Hlen@emmciermmzdl),e

| ocated in an)é egi ens or op t hat V\Dkﬁ nfan.optirrum
apaciiv bridge o

manner. The & Dl %wagé hm{]iﬁvéclgs &QF%&%@: touches {he nosc 4 pair o

spectaclcs, a pupil diameter detector, a bio-feed back device connected to an ocular muscle or
25  nerve, or the like. The sensor may also include one or more micro electro mechanical system
(MEMS) gyroscopes adapted for detecting a tilt of the user's head or encyclorotation of the

user's eye.

[0162] The sensor may be operably connocted to the controller. The sensor may detect
sensory information and send a signal to the controller which triggers the activation and/or
30 deactivation of one or more dynamic components of the lens or optic. When a fens or optic
includes an electro-active element having & 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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feature which ensure that a change in intensity of light is not tenporary
(i.e., lasts for nore than the delay of the delay feature). Thus, when a
user blinks his or her eyes, the size of the aperture will not be changed
since the delay of the delay circuit is longer than the tine it takes to
blink. The del @y .i@MR& | onger than approximately 0.0 Se¢Engi8yodies.
preferably 1.0 15seconds or |onger. [0103] The sensor, by way of exanple

only, may detggebhériecdirsdranaesbOophiacdiooned behinl@eUSE. N9is IdchiiduhgasiRNSEn!
detects that user |s focusing wthin a_near .distance ran\glll(a t he

control | er ey’ EAHERIERECHIHLRTC A8 HrBY Ol RO PG PRI ERT an

i ncreased depdihtief offthelseh's phfil. tmgusws@nquﬁt 26, Tohﬁitdaikh@squz&féh theSusér@cusi ng
beyond t he near dli e controller 2 causg¥the dynani c

Hce rang 3

aperture to diiPHi% e S oo ThT et GRyBR B ¥ ENhOE gYneat ety
arrays w th atoquaum Repaih&NScP| RELE  DUBHs BACHIRAL R Yay, BARNihQGHst MPuicens may
have a focal ggth appr ﬂrlate for peC|f| dIS% nce f[on1the user's
eye. For exadﬁw S PR EECH HE TSt RE F“ﬁﬁ?ﬁvg B HEC (U Y E1E LR one
havi Rg a fOCka%lnEk@whﬁcﬂﬁjrdtb@bnsﬂfcﬁﬂ@ﬂh}énﬁ@ﬁddﬁ@% nfa® kenf@@donbtiistt ANER thetsBiBos ECONd
one having a foc

hat. prope f ocuses .for ernedi ate
25di st ance, afit®st E%Q*?eﬁ% ¥ ]edﬁcé‘ N AN ’lﬁlg L\gl%lef&lﬂ?larfﬁ‘ “}“é%éesw‘i’t“ “gegb%if‘i V¢t ocuses
for far di stagolicAmaybaued theifdaaienease &l gafd trhmdaey nlae bhiseded B detglon ne
whi ch arr (3 t he hi he t contrast ratio (and thus rovi des tgg best
e a

focus). T /R R t°H CROGHELT WEREFLRI™ Pt [R5 SRR EHIY B A58 t o

det erm ne t hefedlinstvdnGenfiiOfita USRE i DtcaftyQD]igatis itdﬂ&mpslarym 8, hecus g on.

[ 0104] Somre co ur, S all qw for the sensor an r con roller to be
bverr1 aden 308y S ah By Rk TahoRET i B T P sRahERet Eiirdmy

send a Signahmhmnaﬁﬂhﬁﬁbécmm@ﬁkeﬁﬁneﬁﬂﬁ%@ﬁﬁ@ﬁdgﬂmcaC@Mﬁ&hﬂxﬁﬁﬂﬂﬂﬁtEatIOn

onl'y. i nfrar GOk Oy bt s SHBIS KGR o Lo Lahash MR o

room such asxamﬁestaq¢ant having dimlighting, the controller may WO
2009/ 117506per i uS2009/ 037544 cause the dynam c aperture to dilate to allow

more |ight t C{ofd%?c“ 1 1I3§cnsﬁt ﬁmay ATJ% ;95 onlgf mazﬁ/ dER¥ thcgmagﬁcc ttch@tnUt?@:{c is ability

to perform near dlstance t asks, suc as readi'ng a menu . user could
renotely contfpaisinghl tpsqeset @twﬁéhctfumeer@ffowwemlvemt cmemub-‘etmct@eeélmt rict the

aperture to iQELARSKAS Bd%seolﬁpmamc gal@d Qtoaeaqstﬁ& 58uck Q@m%g{edacﬁm#ﬁeﬁa/ to

read the nenu. Fi gure 5shows th nor mal operati on of a sensor and
control | er tHathepaye dlﬁ@é’frn thgttbe psctgderuping Weoath the nesy disinec rapssy tha eentjoder

constri ctgd fn% c@@s%mmo!iyﬁgraeg&r&@élﬁam@ PR Kndol BB h@e%&%dﬁ lofshoYEN t hough
t he user's pupil I'at ed.” When the near distance task has conpleted, the

user may rerrcsi@éptyr%wewﬂa RECyBrslens Rigrad euHErGIATaY. Fish fostisee ehenapeve fre to

dil ate once aggai :anguﬂi idféeﬂnjcy EJ?% @Q(Xnélflow\ﬂhggs&@%euﬁ&rexﬁﬁp@etﬁrepﬁﬁﬁo' n
the di mrestaurant w regard o non- 10near distance tasks. Wen

activated, tK&lcFiahtays @w ‘ecclﬁ%uﬂgafaﬁt %ﬁ?d‘b‘é%%@é@if\gé‘a’s *ftfymﬂafgﬂmmé%afﬁ*p| e one,

by the |ens QearQRfdnee, HeRe@d @ﬁﬁlﬁzﬂ&g affOduBE [k O BRI REREY fdBh@dmcaRicer i al
570. [01Q5] The substrates described herein may be coated with materials

that are %Bi ocbHpst Pl be i Rrabiined festsngtme difspperbiecespdor Iy Gaifpat bl e

materi al s maygu RE HidRncds algoBEX AT cBusedB ¥t dﬁleﬁaﬁdyuﬂag ind@igREst contrast
non- hydrogel m croporous perflouroether. The substrate
ratio (and thus provides the best focus). The array with the hlghe:,t contragt ratio may thus be

used to determine the distance from a user to an object the user is focusing on.

[0104] Some configurations may allow for the sensor and/or controller to be overridden
36 by a manually operated remote switch. The remote switch may send a signal by means of

wireless communication, acoustic communication, vibration communication, or tight

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
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and the various electronics that are affixed to or enbedded within the
substrates may optionally be overcoated to be hernetically sealed to
prevent or retard | eaching. Additionally, the substrates may be desi gned
to encapsul ate the various el ectronics such that they are buried within the

substrates. 20[81Q6jFhg | enses and optics described herebp By, R8-hendabl e,
fol dable, and/or able to be rolled up for fitting during insertion through

a smal | appr oxiEatedyashicaparu 1S diR éor&@bxﬁlnﬁ)rh li BYEdcRERbiKe HaRMGEhgommoNnl y
used for inplantation of 10L5 having pi ston may be used as an insertion

tool that a||r6ws’m|r>66rtﬂ§%Pd@lﬂfYéWﬁ@rméerﬂ|déH§°<dﬁ%key¢twhc“wdﬁédﬁrca&ed“ B oper | y

wher e desir edisédtofidtrfigdiely b@nanh@ayn@ﬁnccarpmm&bﬁm Rhs hafbGcobrid e apdRire
Figure 21 25shows a fol ded agptic or |ens having one or nore el ectro-active
el ement s. [Ofﬁ*?]céﬂi‘i*E%ﬂ‘clj&i‘é?\fﬁ&]%“%‘a\??lﬁ@”5* WYRARTE 'Qpef themenanbieee 28n

apodi zati on mﬂ@\l&s ®ahorbRl diictatilf ofla¥Bls8di@Go@idtBEhat RO &ckryddbd M vafdya one
eye of a usené bi nocul'arly (in both eyes of a user% Because the dynam c

aperture can éarblFG@?‘éEFFﬁéﬁo“PtBCté?fS’éﬁ%F‘ fhétaacq tayse By dag lighting coRfigpRs §F™ i n di m
lighting condhdugR@e WebeRufile didig. wikhnanedcer difhnck Rk MsRbmpwell dhdabihal |y
dilate, glare, 30hal os, ghosti and reduced | i ght hlttlngathe retina of

the user arelFﬁ?%@FVO%ﬂF ‘H%ﬁQQ%“Wﬁ“@dﬁF?%% 1e eIy Fﬁ%ﬁ’%®@§ 9t neal onl ays,

and corneal iadogScdllp derdbQ aMind}@Y 8sct ot NBARL & taPBht R randitargart hesmt or e
sonetines, fit for far di stance correction in.ane y ZFd near _di stance .
1

correctioff i FYHEBERBPseydenactiyated RiemP's eVt #d deCCHAt-dY VY Rbst | ng,
etc., the | er&Sﬁﬁp laBgk, by\Be ZAOSIhA6 O R NEZAGS KRS o4 Opth&§ ndesshdchad herein
al l ow for 3 ocul ar approach. It should be pointed out that the optics
and | enses de<tribed herein can al so be inplanted or fit in nonocul ar
manner, if desired, and can be designed and fabricated in such a way that
the central poidst oﬂhthémmvnaMRﬂbanenﬁmnnyamdh@ﬁ“maahKMaytbempenDteIy

relocated r el ﬁo bllf/]gat}b?c angt%rq c%Lrobjcclb dn ﬁzc%gt Iéﬁf)g)rmrpééllﬁp %‘1&??%}? may 1en|clr1]1 T for

i mpl anted wt entr axi s of
t he dynarfisc ap@mlumefytfmyitdh"e: ﬂznseddcsnbn hedrodel siigdrtorou Od.rﬂ&]u@mh@plhccsulesnaﬂcens

having. & dynap) faRals s ANGE aRadicr BhbAN. MR, MY, Re.Usg, (0 opti ca

comruni cation wth a respyoprc crys ens
under per f or miongerely bmxleycogect fode mxngtlsqllmgtcéedrtgowsme_lctdsit lagchme nddditicoaldal

TA., dynamc tl@e%Qs‘%:‘d %E&ng@rﬁéﬂq@ A3 phNAL m0Ta s OL&GLIO5RA oY Bef QEUST NY
TOL), or an acconnn
buried w1th1n the subm ates.
20 [0106] The lenses and optics described herein may be bendable, foldable, and/or able to
be rolled up for fitting during insertion through a small approximately 1 min to 3 mm
incision. A syringe-like device commonly used for implantation of IOLs having a piston may
be used as an insertion tool that allows for a folded or rolled lens or optic to be placed
properly where desired in either the anterior or posterior chamber of the eye. Figure 21

25 shows a folded optic or lens having one or more electro-active elements.

[0107] Optical devices having a dynamic aperture and/or an apodization mask can be fit
or implanted cither monocularly (in only onc cye of a user) ar binocularly (in both cycs of a
uscr). Because the dynamic aperture can be programmed to expand to a larger size at night or
in dim lighting conditions when the pupil diameter of the user would naturaily dilate, glare,
30 halos, ghosting, and reduced light hitting the retina of the user are largely eliminated. In
contrast to other 10Ls, 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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w t hout a dynam c aperture, an eye having an iris that has been traumatized
and is tom has a hole, or does not contract or dilate properly, an iris

devoid of pignment such as an iris of certain albinos, a fully performng or
underperformng nultifocal or single vision corneal inlay or corneal onlay

wi thout a dynawbge@pesiuure, a fully perform ng or under p@p{REM NG 7544
15mul tifocal or single vision spectacle lens without a dynam c aperture, or

an eye that h@ﬁmhadmwadewxaeralﬂ@rm Elgmb@ﬂeﬁap‘hbat,ﬁ SURQET e pol Q] dai'dhail |y
perform ng" |ens 0 roper g light on the retina. An
"under per f or n?pﬁlﬁ*'dﬁdeﬁ% adg“CHB‘tdfll?g‘ﬁh‘g‘f él %Pe ng ‘igleﬁlﬁf 'gd"ﬂ?é*f)?’rﬁ“rln?dﬁﬁ‘i‘ bn the
retina. In rrmnmaaejs,,an B de@iphddoan®d Fabliens 1h@1‘xﬁhﬂgma@ tigy madtrapfaeitlotithe and/ or
apodi zati on ) ve the qualit ual uity as perceived
e usor wiGAml SRt RAOL el din g Tty G el S R ot an RS aR i t
the various exaniicesifioyiatedwiininbhen Pt eeadong: pataga@phac dhea ausefhwi th a
fully formng, | ens, d mc a ture increases the depth of field and
acts to inhi bP PaIBlrcanH‘b‘%//%a}?d‘rSr‘E E‘ ?rtll;‘éﬁ?“‘of the hi gher aberrations of a
user's eye. [0110]A lens or optic that houses an el ectro-active el enent as
di scl osed herléi#B] camiberti2 Sclonpraivsed dpdaroplhytchatemi¢ommtapodiation mhdtmarte wel |
known in the REd lfn%ggcctb?o%m{._u JdtlenQV&h R{dltﬁ'olg %ls%{}lc%ﬁstdlhae %Pp’g.;[lel’l als can be

fl exi ble or non- exanp Tom t wo
appr oxi mat el wﬂm@@fmnha)@eﬁe?ycpérfmmmg se»ga:rfpd;te 108, spoik yettifie| ICH., gplayiieri de, a

pol yet her i A8 11 POLY AULRUPDS IBL LA AluNaK] N9 e apRLERILALS QL L

el ectr odes, T ne materi a
dye), opti oneﬂ/l 1@91 aafmnzmngmfaxytemseyesm@pomr irs tipphap becmdnvm@meeaqd isems drs @and

other needed 1Bl L6LIANE SontFALD o0 R AYEL:s ol iohfnR(iA:An bt DI €

envel ope t hat sandwi ches and houses ectronl c ectro actl ve
mat eri al . Thectgn albinphiadkhvasgonfing drendopkionying phuiltdodasorapiaicosiioratosiegl 500 pm

I The ; Lyi ) | an
hapt | os). TheTog soaPEkS by oy MBE BEHES BBy SOéﬁ}E*&%“’Q‘cdgaﬁﬁfFéq’a “bei ng
fol ded and i iedyifoed of maﬁc Yikien gpeiaglh loptiyyhaut & falamiospegire &k atf eysitlat brs hof

appr oxi mat el ymgergmo%m%e@f@m‘k@u@grre configurations, a thin layer of nmenory
nmetal is utilized as part of the IOO to aid in opening the WD to its proper

shape and | o n er it has been |nserted intg the eye's anterior or
post eri or chafisef” ?’[ GLVIHOTRRE TGP BePRTE &Ry B B R 4 Sdn D
| ens or opti cudderfeitbingfig"highs @nergyc bf pepdryghdusian dgiRbon tﬂctlétﬁza\/ih%c@icabdeght
The filter or tint gﬁl)é al.so be used to enhance cont rag ?en3| ti YI ty..as
per cei ved by °F RRIGELFS higag yi‘ﬁ‘elc&i"éwe‘f Fp/ g prediratiqmass il epTR M p @Bt ween
appr oxi meel wf bismaraing as per cen&ppff mélu@@tv&)ley uskQ ik c@bn WG kitbinRgHAAAPt i CS) ,
dependi ng uD%Qm%an]mxcz!mon wzt% thc var 18us c():car%p Ic:snlgmx 1gcddm the preceding paragraph. When used

with a fully forming lens, a dynamic aperture increases the depth of field and acts to inhibit or

remove some or most of the higher aberrations of a user's eye.

[0118] A lens or optic that houses an electro-active element as disclosed herein can be
25 comprised of ophthalmic materials that are well known in the art and used for IOLs, or
corneal inlays. The matcrials can be flexible or non-flexible. For example, an 100 may be
made from two approximately 100 pm layers of, for example, a polyether, a polyimide, a
polyetherimide, or a polysulphonc material having the appropriate clectrodes, liquid
crystalline material (which may be doped with a dichroic dye), optional polarizing fayers,
30 power supply, controller, sensor and other needed electronics. Each 100 pm layer is used to
form a flexible envelope that sandwiches and houses the electronics and electro-active
material. The fotal thickness of the working optic is approximately 500 um or less. The
outer diameter of is approximatety 9.0 mm (not including any haptics). The 100 may be
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10application. O her dinensions are possible as well [0113] When used as a
corneal inlay, the dianeter of an optic or |ens having a dynam c aperture
and/ or apodi zati on mask nust be |l ess than the dianeter of the cornea. In
sone configurations, the optic or |ens can have a di aneter between
appr oxi mat el y poB¥hangsappr oxi mately 14 mm The outer suggggem@ﬁn&@e
substrates may be curved to substantially 15match the curvature of the

cornea, such @agah@Eeis@dddinn@in€@EAR th BJrcaMhougfainQi InBleehl aayo0sther desired
curvature, or the. ougf% surface of substrates Ianar 101141Fi qure 8

shows an 100 ‘BHOXITHERY 2B W [&h BrRe'ef FefieRatmett (Vﬂfldyah tgvrmoshgephs gpied al

communi cat i omsWrt bf @e l’(ﬁaloté“d/mmaaﬁxtpy@cpl(m Q)trbéfpﬁci}iei dhae dn@neatibhGiteringms 166 may
i nclude a dynanlc ape ture, ynam c. or both. In configurations

i ncl udi ng a d{WaR{ B %%Fﬁf%m”ﬁﬁrgﬁ@”T' aWﬁ? provi de for inproved
i nternedi ate and near vision by increasing the depth of focus. Figure 9
shows an ﬁOO[QDUJIocaﬁﬁ®1hﬁhammaﬁ%embmnm&haﬂbehmom(@ncemﬁmamghhmqggﬂwfal
conmuni cati o t e |s 0 clude a
dynami ¢ aperp@waﬂgmamaHO pd ﬂsiﬁcy mBo?HnwKﬁ%Tgﬁmm%g1mlmmec‘Hﬁgnanlc
aperture nay sprsowitges poeeiicddy dased. dept h of focus. Figure 10 shows an 100
1000 | ocated in an anterior chanber of an 25eye and in optical
comuni cat i ooifaf h_afhe JohckPIAd RS oGBLNEENS vbQlecd BbraliShane vl on only.
The 100 may pncILde aC yngnlc é ertﬁre géénanf% ﬂ%m) @W ]%
confi gur at i ortPRRYREN RN Ene ine drm;hd]ﬁef%é@ﬁmmg wen ﬁredmselpr@tlammtwérceased

dept h of ﬁyeLgpmgﬁmpb@%rghpg“&gg&ngbﬁﬁgggﬁl@nd/or i nternedi ate distance
correction by way of a ynanlc aperture Flgure 11 shows an 100 1100

| ocated in a i er of an eye and in_optical communication 30
with an IOl ?&@3 | é?hew@ée%wr&r ey, hidematse af a7 oBlioff gnda ekt durEiance

vi sion. The hﬁ@nrreaamdrmalbdae&eu@ 1650 @ik cARE EHabl iR, diadnctly DAME CorAAS Kn sodfe bot h. A
dynam c apertur for providing an increased depth of field

usef ul
for providing®t Wé“#ﬁ‘é‘d%t"@“co‘?léﬁnéﬁ‘a 4ot F‘éE‘F‘i%b‘rF‘W?ﬁPQEH‘%X‘mM > mm and
2009/ 117506- mmmeq&vwmbuﬂgzsmw tRkubOidicd na? B0 @At hbk@ntalipost er i or
chanber f an ﬁ%e}an in o |ca qgunlcatlon W th ?nlloL The, 100 pay
i ncl ude a°dyREHdSPErE & “"acoéi”fﬁ TSR 1S BEYACe Blaguide TAR AR SN 1 oL
1310 havi ng dcdytamvauapetidiue: surfdctef amitiate®hapbe plaewr] OL cl osest to the
eye's pupil. The TOL al so may include a dynam c mask. Figure 14 shomls an
51 AL havi ng a e - 1,00
al so may | ncﬁaﬂulg)é‘pamg&#geﬁ%ebh%&g %l(l'dqzédbqomtc?grlr 91}1391%1;0 %rn%% rﬁgﬁ eye%d m 213%711 c
aperture in F%@mpmﬁ@woﬁ@mﬂtmemwﬁuﬂbwogegmmﬂewﬂﬂeSEyeﬁs1®@mwmmummhe | OL al so
may i ncl ude A h I
Commni cat | on” i 1 Tk ARAEP SRS AL oL B B e IR AL B BiOREL6R,
i ncl ude a%dyHePO ragyareidefor anpayied it madisic andreabuinn b}Fingltqr‘englttrc @emﬁv@f a
corneal 10i nkays | MyQPbiskRls 4 90BWRD ro%h'em awamanarbhrr% Coyk B ﬁ oGl | i ncl ude
a dynam c aperture a dynam c mask, or be "note it is
not pOSS|bIec@ﬁmgﬁﬁuwaNWhpé§§P%W@fE@ﬁﬁﬂ@hpéirﬁwéooeWbU@ﬂWbﬁﬁbﬂmmc

conbi nat i onsgpRe, PhAGERENLR, &fboﬁrhQ&ngb@ﬁr@a{tdrllé-'?(@ynlta!n%crﬁgé mgggﬁ%md@for
cor neal |nlay having a dynam c aperture are not . tion,

static or dyHarreddpgbict rmr&“lw&sr@%ﬁysﬁ@qmwﬁmfaﬂewmame@omammof@m

corneal 08l YeyCRR@RbpttRA B AYinicRlonAifheh ¥d?\40p@th§§:0§g@s\’\@1 aPdisdRsciddRety W th
or without a _dynam c aperture. However, these will be apparent to those

skilled in thBEHQ may peluds Adyrpoes apertnale dsnanigdnasy oabwn A onBpEronr e and/ or
an apodi zat i gRwWxBS KigGRN 0BGy be useful for providing an increased depth of field for providing near

distance and/or intenmediate distance correction by way of a dynamic aperture. Figure 11

shows an 100 1100 located in an anterior chamber of an eye and in optical communication
30 with an IOL 1110 that corrccts for far distance vigion and near distance vision. The [00 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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surgically inserted during the initial surgical procedure that inserts a
conventional I1OL without a dynam c aperture. Alternatively, the 100 or |ICL
may be surgically inserted as a 20foll ow on surgical procedure hours, days,
weeks, nmonths, or years after the initial IOL surgery. [0116] Successf ul

operation of awbems;pk0ptic including a dynam c aperturgctssderendent upon
obt ai ni ng the maxi num al | owabl e transm ssion through the nostly transparent

aperture and hsdows ani [0@n z00lcowedine postans rhssicosl dkyoughn thganost |y opaque
annul ar region. 25EX e conducted with neutral densi.t

optioal 11t Qe TRy BhEUEER DA S0l i B - HEreL’ bl my o
1.5 mm di anetteih. v!bguee f oghoregard IOLL 13e0 had;ztgeJcsjt1ﬁlﬁ1c@pceﬁzt@na}wottiwhesmcl(InL sone
experinments, pl.aced ove pertu to simul ate the
r B ¢ v ance R St Shabt Ty Lo REh Pl nBiis Heet! 1Eakt B8HS A gh
transm t t ancdObdseidg 0 dymliogarirt bithe msial Iﬁltﬁ:lﬁd}fliﬁ 10E] aheld1tasotig include
transm ssion | T v1ath .30fol l.ow n elatlon T= 10- NDEquat i

2006/ 117506- i 2 90k P e SaR Rt e s REvrTPt £ ms el d
in front of dfd c‘é/c&xbsytd}h@@e staint. h“éheeiy)e abb nauyahde @Ay fdat eask+ ZigD phesdyopi ¢
patient. The pnshbyo pat an t _

appr oxi mat el y C%gchlnc AN rl%a% r%mumat(ta P%‘ﬁ’{thah%aﬁgy i T‘bé’ﬂﬁﬁmtyﬂ%lﬂ‘écplg?st dP&. 1t was
di scover ed t haity sug mchance a@maitnwr@mMé kesiyhofic nadd, exalmz ng?;glemhshoﬁvs f b(ﬁhdi by
provi di ng,90Q nsi t

ertain cona ot B PE A e s B bbb Bt BB eE “when
the ND val ue doﬁamlhmasmm boyh. tIr ans[;da)lcenﬁcd alpre[tnuuce;wmicltegwmdtiemsﬁp@r oxi mately

0.1 (T greater aan X 800(% and, t n N | ues
bt woen i . ontiBRoRDRLRIBI L b2 B S0 ML bR ERERAL BB oS

greater than caqapwlua)alcnmteeluyaﬂaa&nglardymnpc efcemreatt oo pifomgu i@iddoin, ddeeicND val ue
for 10the MO gLMmE %?z@%n%q 5%(%‘%653% ncgrgoraffl:d ”Nbagié(t)hl%? cm?ﬁ% 01%%&%1' y 0.04

(T greater than approxinate aque annul us
i's greatéf thdny, apphoxievat slshovin did(@sdribsgs withanwalppt oxymedceipytd @ %Wlowdsi, | e

increasing the. dif lf&rdlﬁgcﬁ&tItonthm‘gsl\‘llﬂL(}’lx?ﬁhcbd% ween the nostly transparent

aperture and t he nost annul us can conpensate for a high ND val ue
in the m)stlé t ransparent agerture it will lead to an undesirabl e decrease
in overal | 13¥Hghsni*sdPOrPrPL pchiioerslyptiac peariurand/poamgedipdiop grtican bef f ect s

believed to k@guhily iR BSH e AR PRESLUH B RN/ 1Ok iRRA BRtch@Fhal IOL
without a dynamic aperture. Alternatively, the 100 or I0L may be surgically inserted as a
20 follow on surgical procedure hours, days, wecks, months, or years after the initiat IOL

Surgery.

[0116] Successful operation of a lens or optic including a dynamic aperture is dependent
upon obtaining the maximum allowable transmission through the mostly transparent aperture
and the minimum allowable transmission through the mostly opaque annular region.

25 Experiments were conducted with neutral density (ND) optical filters with ND values
between 0 and 1.0 in which holes having a 1.5 mm diameter were formed In the filters to
create apertures. In some experiments, a second filter was piaced over the aperture to
simulate the transmittance through the aperture. Neutral density is measure of light
transmittance based on a logarithmic scale and is related to the transmission (T) via the

30 following refationship:

T = 10N Equation 3
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mask will now be described. Retinal image quality can be quantitatively
descri bed by an optical transfer function (OTF) that is the plot of the
val ue of the conplex contrast sensitivity function as a function of the
spatial frequency of the target object. A conplex contrast 20sensitivity

function can bgousedix® characterize the image quality beeausesdfeoptics
of the eye may change the spatial frequency of the inage relative to that

of the target}0ltgpendantexpainidie thcditgetasspatih abntfol @quencyoseiidthacdior k am-t o
F can be constructed

reducing the contras the i.mage. rinci.pl e, an F can be const

for every. obj Seerf 2t et dSebtTin B P Pubefe Ty B Pra e Gar os
with obj ect dipptaaimeecahdinties tivinnid pacenth epeahoufietanseulolivaetistdvese that

vari abl es change the 25optics.of the eye.. The OTEL .of the. eye may be
etuced duo SOt EElr BT R et Rl e o el st GHET SR oss of
accommodatj vecoabist schyitidyebitonignadd: cataimpioadiyepi a. 101201The i nmage of a
point object is the Fourier transformof the aperture convoluted with the

nmodul ation tr er NCL.i MITE t j i N fLhe MIF is
the roal conpinic. o SPREL AR el BB TR A RE G SR OOn 1 The
resul ting poitransiarag@c80k svak kovharappiohienapdy O (5 preeadhinapptokiontef PH) andnd
may serve as i - : the, quality. of ‘ ic

ray ser v, a5 ALuLORR SLERMLATEAL A0S B il HOQEMLE R
the retinal iarages v& drigtmthan opmorimetkintlss. W 4 hefetred gubbiratyonothe WiDsighk for
experienc i.al [ | ] APy h . or ot her

i mage artﬁ%agﬁgﬁg#'J%%ﬁﬁgﬁO%%g%%g?g?gg%g@héﬁﬂﬁgégggi%gggﬁagmgegFenatic
appr oach may dperoappldbedf’tiond dsiNhoithe apstaperduapenuby iugkng tenpoppiimately
apodi zati on lf.éjﬁciEésnghn a%ﬁnﬁteﬁ}ﬁrﬂ)‘%)! %iimrcgﬁnéﬁeﬁ RIGRL i W3 aiil%% B&Ween
previ ous representations of an aperture, suc s that published by &Uyon
(Guyon, 0, "Phuasestlysgupegnanpiue udehapeodly 2atiuearyiusTel exswopeteBepi tigh WA

Extrasol ar Tef[@$f fk ﬁlost? l?a@gi;arclnmj'{ﬁ‘(g"it wiSE{1QR ax‘?ﬁ:ﬁ?gifa@ RI¥§eastBlv2eq003) ; pp
t o(x) ="p(x) - Pr(x) x M (

379) shown in Equation I. o(Xx) ) x)Equation 1 I'n which

Wo(x) and!> PR{aRymipapyddighitto feectpgnpl ex anplitudes of the entrance and exit
pupils, respectively, IVE (x) represents the Fourier transform of the mask
shape, and X [8E] eSemt SpaaCave bblidvanio rdQft @32k Sh Manl a@érofrOfransl afddeagonof
apertures ar emacg T {rilolgwelgje Acgdl‘ibfegngégﬁBllagd qua 1tg/tci':up l?cc(?u%ntli:téti\:;@ described by an
optical transfer function (OTF) that is the plot of the value of the complex contrast sensitivity
function as a function of the spatial frequency of the target object. A complex contrast
20 sensitivity function can be used to characterize the image quality because the optics of the
cye may change the spatial frequency of the image relative to that of the target, dependant on
‘the target spatial frequency, in addition to reducing the contrast of the image. In principle, an
OTT can be constructed for every object distance and illumination level. The OTF of the eye
varies with object distance and illumination level, because both of these variables change the
25 optics of the eye. The OTF of the eye may be reduced due to refractive errors of the eye,

ocular aberrations or loss of accommeodative ability due to onset of presbyopia,

[0120] The image of a point object is the Fouricer transform of the aperture convoluted

with 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
30 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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Phase- 1 nduced Zonal Zernicke Apodi zation Designed for Stellar
Coronagraphy", in .1 Opt A, Pure Appl Opt, 6(2004), pp 809-814. The

apodi zation function nmay be used to introduce defocus as described in U S
Pat ent No. 5,980,040 by introduci ng an apodi zation function or an aperture
that alters theoamplitsde of the wavefront as a functionpefytheynuril ! ary
radius. It 15is also possible to introduce an artificial aperture that
alters the ph@stemelfc dﬁ)h@ddh&ﬂ@fh(:ﬁﬁ;ﬁhca& @&sighiupet ipenuefhy peipd & habapsaeiits

havi ng a beneful ci al hase di stribution

on
oo el st BB B GRS at e e R B e a1 ead
to defocus, eapgrtyre, SENER itk puiisizd 30 Gayort diRye@nN O, aMee:-piypied ammthde ap(j)c(;%)i&i, i f

| xI <V2 and 0 i se. i i t of
et oous 01204 THeror B P et n TnE BRI B g an See iy Dl cual

t asks, thes5 ge@neshpy 3andhopt inCejuagionaperti es of the aperture may be relative
to a desired PSF for the set of vi sual tasks 25To do so, the retinal imge

quality (for exanple, as d t he OTF of the .
systen) may be matched to ﬁ%( ﬁ‘dw Eep i'on experl enced by a gﬁ‘ﬂhg’h

i ndi vi dual . Vi sual O& rception may be char acterijzed ?/ t he neural contrast
sensitivity flfeifontONeSTEE) reposat de egmpler sdindeapishagiterrcsnd exivppilnal

image to a vn@y@&m@z@rmem)a%s&nsg zﬁlbﬁompm@@hﬁome%wqh@;Ec wxs[laalcscmsa
information," i.e., el ectrical signals produced by the retinal

phot or ecept or@ntﬂ#‘“‘r‘)écel ving 30t he image on the fovea. The neuronal transfer
process is subject to noise, which can cause a degradati on of inmage
contrast im t{hiﬂ}Ca%niiél'm@rr@dahbﬁsicﬂ‘ﬁfi@{tu&fs aReM§onal 1nt{baé}§fnﬁ31’c Clafinfe BXPY essed

asafunctlo a.s egu or frequencies, of the
et nal 57 B4 B0k Pz e R S e D SRRt R SaReas and
t he | ocat | on Tafe Afye OpQicH200a)) ph BE9- EDivelahe\Apddﬁtar@smwionmyﬂaheseem‘mediduecf t he
exit pupil. grefo e e aperture

o ormence MaF B R Rmn g ke B Ty e PR Be o s oteon 1y of
the retinal iasmapensudih dtthathetdh@limli:oﬂ]fle whefroanbh Iﬂ&)dtl(ﬂﬂiﬂﬂﬁﬂ‘lupﬁly@ttﬁﬂm It

i ncl udi ng]5t he gpert ur.e ue o

s
frequency -t hat “ et eHes totlﬁgo%é%i% 8 Ffvct]?‘"leap(i\legﬁh%t it §rp f‘%ﬁf%? “gﬁe(ﬁio{}{ Bdal .
Al t hough t he fodut:omeftjueillny rediug, heving celwedidzammﬁlcmyhamléc&k qtddentic ghaat i onshi p

bet ween the SN%? buﬁ&glc:p\?rﬁfgt‘ﬁ!: \r/c%p ang)lfﬁudc oyfhc %}?0%1291[1011 ElﬁC[iOH Llll&ld[rthH I;:,(I?n lgcﬁdets not

consi der thi acto es an e retinal
i mage qual it yletong, ¢.£5 rratch to t he NCSF. [0123]D|fferent vari abl es nmay be
used to change the performance of an aperture. For l1l0exanple, U S. Patent
Nos. 5,786,883 and 5, 757, 4g8 b ojkler etal, describe the effects,af,nan

20
at the entrance pupil, with [](x)=1, if |x| < % and 0 otherwise, where o is a parameter

representing the amount of defocus.

[0122] Therefore, to match the aperture to a given set of visual tasks, the geometry and
optical propertics of the aperture may be relative to a desired PSF for the sct of visual tasks.
25 To do so, the retinal image quality (for example, as defined by the PSF, or the OTF of the
ocular system) may be matched to the visual perception experienced by an individual. Visual
perception may be characterized 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.e., the clectrical signals produced by the retinal photoreceptors on receiving
30 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 sct of spatial frequencics of the retinal
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annul ar aperture, apertures that have nmultiple optical zones for different
types of photoreceptors, and variations in aperture size. In general, the
depth of focus increases and the retinal image quality inproves as the

aperture decreases in size. However, the total MIF of the conbined eye and

aperture systegphsoqegiaded with increased aperture sizeg, kRoodd;aeneral,
the i nprovenent of retinal image quality inproves until the aperture size

becomes aboutimdgdW:@kl il @SSancBahOWe IREERP IR ont HEmethect sh Rbpdi b ffzact i on
may overcone the positive effect due to enhancenent of the depth of field.

[ 0124] Two tprégtC’o‘ff e PP h al hetsdy o St HEED: RRYMIE: Frdadable epariredis B rtcur e

the opti cal Dﬂéyhacdibfaf:@ﬂ epeearﬁ&usaarms@wem@m d’thralliWonUﬂetfntﬂQm@@esMME;ﬁ as a
function of |ocatio di stance 20fromthe pupillary center and its

azi muth), andh§¢¥sF BB‘PF E‘él’llb“ﬂerdé)ﬁ%?ﬂ geienincipding ecey\emm Herfsnealﬁéﬁ ueHh eIt He

orthogonals t itk I@,%ll@lﬁfdgﬁcn@%liﬁt et kb%c%yﬁ:ofﬂlcqﬁﬁﬁidfﬁtﬂa@@u of indihRudPhiveRkh
transm ssi on LS provi y .a pup | ap0d| zation function, as_shown in

Equation 2 fdhe giremationeldhiunuidmese mpratect the pelagianspigrbenveepihe HGHERE onal

aperture in apekhed qRlifNRe pRkdeSsdi8rcaRey dok EsiaBYthl @:cRi Un€ i@t 0 a pl ane
orthogonal to the optic axis of the eye. Cinical %neflts of this

25appr oach haﬁ?@omé%%ﬁ‘;?%wfefdhﬁfﬁ“mﬂmdééﬂ%ed itAFptagate R&F- et al, "

Aberrations and Visual performance, Part 1, Optical and neural Linits to
Vi sion", Predéemigd attirftlhnevabe:fsmm:emﬂgmeﬁsge tﬁ&)ﬁ)ﬁfmmhicehfeﬁkeeamxé)esnthe MTF

of the eyg as afu e ati.o erture

enhances ilt%)he TOW %pa%| afcnoN%ngZ{%é %}gl\%‘%g@?{ OBQB%WE (ggcrbﬁg]ehe’l 6?13% gtl al

frequency valanagargperting aMl'ﬁlfisﬂnchdvemlldlfplddpeczéymebfd’ﬂdéfeﬁ“mtypestdﬁe aperture
at i.al fre uency,

functions as %Ot%PCCCp\{\(I)Ib an((i.J %)rza{?ionm agpertgieﬁlzg C)Fg esi &e dep%{of u-S(i:neCI ase]sfi \clf of

a normal hundn eyeé typi ca pea egree, Hof MIE
and associ at elk z@Il‘aFal Mguqsahq;f mtphecsﬂ&tthmbtmrrﬂg:ecaeﬂamlas Pﬂdve:v@]‘ the toval DEER er

mat ch the N f e LA reviously nmentio in
2009/ 117506C|%F$$ &B‘Gb‘g‘?@gﬁﬁ’ﬁﬁ“‘” e GasTs W*{P‘ “P%%S‘!sgo i al gfr\e{\%ﬁ)uenci es
may enhanide vicwwdl the mmfrorcmesirnd rdting isagdy ceieilit'y\vrepiqwalumtﬂwl@a‘pcmus signbecdPd251The

pupi | apodi 2ab},R9 56/ césbeggoaym@;;eﬂl e%g}c&%'aegl%ﬁgcﬁlp%gfo&cpcoghhg%ﬁ&@nt of

the resolution of a telescope s assu
ener gi ng wavefiegdne fomohﬁt@lmtefttatrdqnamféwtdr enely flat and in no need of
correction. \Wen designing for a human vi sual system wavefront aberrations

may be corregyed) at tihhe ]%Qefnﬁemgi] dajhem%h@y bOingle SRAL htdpefil 8AYERRLHS -
That is, a |lower op tlcaij resol ution nay be acceptable to approach an OTF of

the human vi &R éfyekce?ﬁutw&y af $PYRAKHEE He 2pATETa S alf ekt epaitpator ¢ eqligaces,
and a PSBEgt hatfoni e fiphifaAsdntcPhd 1lsr§‘zﬁ1ﬁﬂl)af{nd|ii§@§ﬁcaf ©dnsis§iew ot ddo A Ty

diameters (A ./d, when Xis the wavel ength of 10light, and d is the pupil
liny apertur él)mcnsxonal aperture orthogonal to the opfic axis of the cye, a description of the optical
transmission s provided by a puptl apodization function, as shown in Equation 2 for o =1.
More generally, this is true for a two dimensional aperture in another plang, since the aperture
may be projected onto a plane orthogonal to the optic axis of the eye. Clinical benefits of this
25 approach have been reported in, for exampte, Applegate RA, et al, “ Aberrations and Visual
performance, Part {, Optical and neural Limits to Vision”, Presented at 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
30 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 previousty mentioned, improving
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[01261Cuyon 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 parameter could be optim zed to provide an
optimum PSF wi t hout affecting the net optical transm ssion of the wavefront

t hrough the apebtingis@l So, the geonetry of the inner 15¢@ggisafod:hey.
aperture can further nodulate the O TE of the entrance pupil, and thus
enhance t he Chfagofuatilyet Byepitinl rowetidesiiay csipatd dbuaf coadue nepmi¢ @g@jetive Even
patients with u%ﬁzf Qgus. or | ow order aberrations nmay benefit froma mask with
speci fic edgel'géd et °®s designed either individually for each, or for that
particul ar ty[pe of vision error. For exanple, a patient with astignmatism
may be fitted®W¥h ahveskl triedizatiwinldeschbaddydiuyed kidpthepalclagh apmhansirhdnt bhe

m nor axis 209f, &l pse . mtehi t i gnad. i i.s.0f the kent. In
this case, the ﬁéﬂ?‘ﬁ’%ﬁ d% 2‘%&@%%%4;grrl1é3£§ses§%étrlog';%g}8éﬁatt ?ﬁgleﬁﬁﬁ%gli’o“%gﬁ?%%ehgm
direction of thhearagsicgratelcllaxing in Buchkd ef cpatdtient Wiy dds@nab e athomaic hisev e
opti mum vi si HUSi DG, 1:.cal rrecti . . ! cal
CFanon ssi on Characrsled BUELLE Ry 3 aR A e TR IE drt, NG BRELCS,
annul ar aper tiirgenerayThseisdelsivgradcal ocspiundminaebetdaespebiede sppodacf OFAcE thon

fromthis ed%n%?%@&ﬁlﬁsle% t@a&ﬁ?&:ag’&pt 'J"l%riov?gyga{igl% .eq‘l%le% il lfpsrpﬂgr%?

anplitude variation across the pupillary aperture has Been achieved by
usi ng mi rror sliffiectipn lintitgd aPpoapfor etwn|! guéiryfdiamsterg dp oded ythGuypolenghds

Doddi er) . jgMhif g stH & ab) Q- 1.3L985H- scal e applications such as tel escopes,
t hese design sggl’uti ons ‘ ahnot etaldclg)l y be adapted to clinical device such as

t hose described herein. 30101281To achi eve sone of the features and
benefits desdPi¥ed Haver tso nyeshenedibe grestdthaiignes bitnedrpoteatecfhdy nani ¢
aperture and/:p&rmapadiEadpioBxiBske kil G tﬁ@%%tﬁ&%ﬁicﬂ@%t&ﬁ ahd 8fed @hat i ve
to the pupil. Exanples of such devices include 100s, 10Ls, corneal inlays,
WD 2009/ 117508 PETT U008 S0 Srswacin drisisice aPITBHT BYS Witkw i atfdisethe Ae ef fect s
of the devi cepiiayrfmisidhetlc Ghva@bohihRagiede a@Fuien A e heGRoMBYy dTaAMEN R
undesi r ahl e e]éfec.t1 on the wearer's vision,  Thus, sone features described
her ei n b & ShedBgiya B ST MOAUHFE B Sth Bl miarcaevrk ey Prsrhase et
remai n fixed O dlicw@e irot REmWEREEI 18 REGI tbgio® UEIn 3&ti@ @R idClefdc@Ng sy and
spectacl e | ens_ch.bNSLt012‘91V\gi I ﬁ Ll lustrative al%d pr esent_l.%/ (lo(_ef erred
enbodi ment's SF°t AE RIS AEY SHPCHAVE™ BEERE YER erhedgepeametEry depgrdicicni ¢ is to
be under st oodnditiatally fe chdhy @it ti& paeRcledlse dTasidderot. Ry ek&HHid ahht@ushiyh
enmbodi ed and | oyed, and that the ended clai.ns are intended to be
const r ued to%ﬁ%\a%@%ﬂ%g@%‘?’l&%‘Bﬁ%%%g%’gg Veﬁ’égl?li’tl'ﬁd? 5@‘81’603‘7“? ﬂ’@ PP S Sart .
10 WO 2009121ihb0BPCTIUI2Q00¢ OB Zmduk axis of the patient. In this case, the depth of focus is

increased preferentiafly along the direction of the astigmatic axis. Such a patient may be able

to achieve optimum vision using a spherical correction,. The geometry and optical

transmission characteristics of the outer edge of the aperture (for an annular aperture) may be

designed to minimize the effect of diffraction from this edge.

25 [0127] In Guyon and other astronomical work, phase ampliﬂ;de variation across the
pupillary aperture has been achieved by using mirrors (e.g., the P1IAA technique, first
proposed by Guyon and Doddier). While suitable for larger-scale applications such as
telescopes, these design solutions cannot readily be adapted to clinical device such as thosc

described herein.

30 [0128) To achicve some of the featurcs and bencefits 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 [0Os, 10Ls, corneal inlays,
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VWHAT IS CLAIMED I S: 1. An ophthal m c device to be worn by a wearer, said
opht hal m ¢ device conprising: an aperture; a peripheral region; a
first transparent electrode conprising a plurality of pixel regions and a
second transparent el ectrode di sposed over the first transparent el ectrode;
an el ectro-actwgembaysi di sposed between the first el ectpodesanghstdne second
el ectrode, the electro-active |layer conprising a material allowing for a
variable t rarrszﬂic@si:atbmlm)fs IOitlglrwisc the effectawti @reelvicsanydaapartdsrelipiawddeshea
e S geL 0, Bl bt Bk SRRt SRSTARLET B, T e gt oL
sensor, or bdmmmrmwbcbﬁhemdﬁvﬁﬁewomomhanmk&mvmhﬁhﬁﬁntheﬂmpfkﬁhhhnwno
transmi ssi on sald a b of a controller, a
sensor, or ? freg oy ﬁ? }as mﬁ%ﬁp %5 Wf?c“%%e?%¥% t he opti cal
transnission of said perlpheral region is adjustable by way of a
control | er5, d0E&hsorWhilsrillgsgntve andpreFidy oesieic@crofodonaismi the inteatiai lnve brsn

opt | Ca! t.r an%@%c’?ﬁ)bcﬂg d@ttal ﬁé‘h{q @P? E)C!'ll[ﬂ%CISi%O(girh hcemvénh@pcotnl@ i'qu%’_ lﬁ‘%li herwise
transm ssion of said peripheral regio e device o im1l, erein
t he shape of Vtah@mh/p@'rbpdw@andserr@ényacs‘,taaqbthet thoappkiziiseé slamnshier intehdad t@bedoneliusd 6.
The devi ce of, (O ity of pixel regions is

i ndi vidual l'y aﬁ%&ggﬁ% V%Qﬁ&%fg$ﬁ2%gg§f%§£§P&%‘a?ﬁ1l, wherein the plurality
of pixel regions defines a plurality of pixels in the electro-active |ayer,
and wherein the transparency of the plurality of pixels is alterable to
define the central aperture. The device of claim7, wherein the aperture is
configuralml e to an arbitrary shape.
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WO 2009/ 117506. PCT/ US2009/ 037544 9. The device of claim7, wherein the
aperture may be positioned relative to the l[ine of sight of a user of the
device. 10. The device of claim9, wherein the aperture may be

reposi ti onedval i@é kg devi ce has been applied to the “SﬁéiﬁsﬁM@me}l- The
device of claim1l, wherein the device is capable of being worn binocularly

by the wearer. 12. The device of claiml, wherein the device is capabl e of
correcting S E trations of the wearer's vision. 13. The device
of claim1l, wherein the device is capable of controlling light that is
focused on the retina of the wearer's eye. 14. The device of claim1l
wher ei n, when worn q¥hthe wearer, the device is fixed in position relative
to the wearer's ﬁﬁ 8P thalmic device to be worn by a wearer, said ophthalmic device comprising:
an aperture;
a peripheral region;
a first transparent electrode comprising a plurality of pixel regions and a second
transparent electrode disposed over the first transparent electrode;
an electro-active layer disposed between the first electrode and the second electrode,
the electro-active layer comprising a material allowing for a variable transmission of light;
wherein said aperture provides a higher transmission of light than said peripheral
region; and
wherein the shape and size of the aperture is adjustable by way of a controller, a

sensor, or both.

2. The device of claim 1, wherein the optical transmission of said aperture is adjustable

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

3. The device of claim 1, wherein the optical transmission of said peripheral region is

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

4. The device of claim 1, wherein the optical transmission of said aperture is greater than

the optical transmission of said peripheral region.

5. The device of claim I, wherein the shape of the aperture is adjustable to shapes other

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 I, 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

altcrable to define the central aperture,
8. The device of claim 7, wherein the aperture is configurable to an arbitrary shape.
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9. The device of claim 7, wherein the aperture may be positioned relative to the line of

sight of a user of the device.

10.  The device of claim 9, wherein the aperture may be repositioned after the device has

been applied to the user’s eye.

11, The device of claim I, wherein the device is capable of being worn binocularly by the

wearer.

12, The device of claim 1, wherein the device is capable of comrecting higher order

aberrations of the wearer’s vision.

13.  The device of claim 1, wherein the device is capable of controlling light that is

focused on the retina of the wearer’s eye.

14. The device of claim 1 wherein, when worn by the wearer, the device is fixed in

position relative to the wearer’s pupil.
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