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An | nproved Device And Method For Manufacturing An
El ectro- Active Spectacle Lens Involving A Mechanically
wol2ediisiaso | nt egrati on | nsert CROSS REFERENCE T@CREIS2DEDI0549

APPLI CATIONS [001] This application clains priority
fromand incorporates by reference in their entirety
the foll ow ng provisional applications: [002] U S
Serial No. 60/757,382 filed on January 10, 2006 and
entitled "I nproved nmethod for manufacturing an
el ectro-active spectacle |ens involving a nechanically
flexible integration insert”; and [003] U S. Seri al
No. 60/759,814 filed on January 19, 2006 and entitled
"I nmproved nethod for manufacturing an el ectro-active
spectacle lens involving a nechanically flexible
IAH %f&&dd@di&sﬂé MethBAGKTRNE o K eidMEN L Sph&hde Lens
of the Invention [004 ]
to an el ect r Bvaking A Mechanieallydlexible Intagratien Ing
manuf acturing the el ectro-active spectacl e | enses.
Description of the Related Art [005] Presbyopia is the
| oss of accommodation of the crystalline |lens of the
human eye, a condition that results in the inability
to focus on near objects. The standard tools for
correcting presbyopia are nulti-focal spectacle
| enses. AGROSS RERERENCESTORBELATED APRLICATIONSE
than one focal |ength (i.e. optical power) for the

[001hy Thisswrlsation claims prigritvoftersiang iptoopriratns baceformcain tentirety the

follo¥fingl bV AneFapplbiifohs:.f ocal spectacl e | enses work by
nmeans of a division of area where a relatively |large

[002pOULS. Farigif N&. 198/ 7591382 G RAChsudrP i 0,408 8AEEnti¥ied BRproved method for
and a small portion, |ocated near the

error,s (if, an
maﬂ‘bfrsf‘f‘i}% éﬂa‘@%‘ﬁ‘ﬂ% spesipcle Ippsiuvejuias gaencharipmly a¥ible tegration
inseffgwndl to correct for the effects of presbyopia. The
transition between the regions of near and di stance
[003Yi Bi%BetarNe cDi760,3ivh fildderi Thinely 2412006 andéntitlsd tRepréA&Bmethod for

bifocal .and trifocal .| enses,. or snpoth a o .
meng@pfhe 85 8cfPicdt bi@RRle aRIRV AR s giebeiioud g inegration
inserfThere are issues associated with these two approaches

that can be objectionable to sone patients. The
visible Iine of demarcation associated with bifocals
can be aest het i BACKGROUNR QF HTHEINVENEIONansi ti on

F_lre ions associated with progressive |enses can |lead to
-J§Q§ﬁ8¥¥EEQ§#@ di storted vision, which, in sone patients,

| ead to.physical disconfort.
[OO4_'F a'Phe present 1rR/er\1/t10n relates to an electro-active spectacle lens and methods for

manufacturing the electro-active spectacle lenses. -

Description of the Related Art

[005] Presbyopia is the loss of accommodation of the crystalline lens of the human eye, a
condition that results in the inability to focus on near objects. The standard tools for correcting
presbyopia are multi-focal spectacle lenses. A multi-focal lens is a lens that has more than one
focal length (i.e. optical power) for the purpose of correcting focusing problems across a range of
distances. Multi-focal spectacle lenses work by means of a division of area where a relatively
large portion of the lens corrects for distance vision errors (if any) and a small portion, located
near the bottom edge of the lens, provides additional optical power to correct for the effects of

presbyopia. The transition between the regions of near and distance vision correction may be
‘l .
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Furt hernore, the placenent of the near vision
correction area near the bottom edge of the |lens
woeqrisess pati ents to adopt a sonewhat unnat ur 2CT/US2007/000549

downward gaze for near vision tasks. [006] To resolve

these issues, a multi-focal spectacle |ens would have

to be devel oped where, to avoid distortion, the area

of near vision correction is larger, placed nearer to

the center of the lens, and has no visible edges. Wat

IS proposed here is enbedding an optical el enent

Wi thin a conventional spectacle |ens that can be

turned on and of f such that the el enent woul d provide
eithes ghaiphrAsi 18 theycase feyphifosal anddeifselensdsnot sreodteand icvatiredus, as is the
case STifif ﬁogfégsﬁeh@niegqq‘h&%daré’ he3 %Lso%filgedp\gl J{e th)ha Toaches that can be

activa VWi | e many t echnol ogi es co ed
objegfiongblg §p seme patients: hEhqyisibledine afhdemantation assestatedofeuﬂv bifocals can be
aeste@tdlyf B6H1Qkingfand RECEARNHRS r@@gnst Ao vﬁ&j Ré c}_gg SWB lenses can lead to

electrlcal power consunptlon imt asi
blured and distted ¥isipsy ayhighasig sgipei paticatse can laed rtacphl)&ﬁe:al discomfort.

Furtl&@rhtiﬁel eHe ﬁ&ceh{éﬁt 5@fh@%ﬁﬂ ViSioh @gxeréctﬁfn Aed h&r ﬂ‘?ﬁ B&tyo‘?ﬁ @h%e of the lens

can he chan generating an electric

requllr?.f:é)ap?r&a Fq]a%pg,% fogpewfga Blﬁxagﬁe%é}owrcbgqm é<prdmemsv131on tasks

e erat b n e nor e vol t ages
o0e BT B ke B B D i o S e deveoped whor,
avoid dy;mrtad)n, the qnea d)f akyStisibn @aftedoROs PO, g&&d"ﬁ%&&%' th€denter of the

ower s anqg to
lens, ﬁ%@ ggss 10 yxsﬁ% &F? egﬂnap bsrprBPogé bgrﬁll%lemp?q%lg}g 3 onqca]u?lg(nent within a
convertipptlaipeciacie fensubattcahbenaked loar @ off suiht @kt tﬁetelefp‘r&nt would provide

subst(algtfa?lgtn%r (;Ptclg%nagé @%S\g@le aiie%célg'ﬁﬁeg Sjate Trﬁlg%j: r%ufrﬁql ﬁp‘il(gg, agd power(s)

whenpgctivitedi &V}g]eysararl te¢ine®giet leauld b8 apploactiyl aba suk€dn tdthe problem, the

rathef g&ﬁ}c'hl&gtfmrnlb ?ac%r cfctts{y C}cht | ¥ {}Fé:ﬂqteele%%%c ! Z% t L gzil Ha\é)v\!v%p cgnsumptlon

lnnﬂéﬂ@t$f@@é@%) nay be used to i nduce certain optica
cts within the lens. For exanple, a diffractive
[0071g rTaﬁtrlﬂ Presid Bgeedugntisiaca piipetbduesdeion ashha refwetive guded of a liquid

crystélrc)iﬁibél'chmgeé!%&c@ﬁ n&OREEH E1b&Grit HRM agcp@sg%je Rl %Fy@t%fj Stapcljm an electric

f[delectrodes grating can produce an optica
teld ggRarrateds B 2pp) blﬁgtcﬁé qré?éﬂffs Ve#aaeﬁéo reiqqgsdGStlh@a‘rw ot hethofides of the

liquid &1ostéili Mg§uid ARGl Ben 41808 vidk tﬂﬁeﬁaﬁ&ﬁraﬁg@@ &;tﬁlllyadd powers (plano to
+30¢§3I i ed toothe different rings. Alternately,
JEETYE L FRTeH O Biesivoatte dFinalls didgidnery il ‘@Pé@t ysod|ée make large

diamet€reofiRist @fdaed thon fOr A NWEK 8Y thé nSininRinX &) néc@séé‘r'y @J‘ av01d user
dwcoaﬁy arbitrary pattern of voltages may be appli ed.
array of pixels may be, by way of exanple only,

ar rr oK on
i ST T T T T A T —
multidpral eptfic. aWthep @vtbllnsia)kﬁy ireroplayedy gheashdpé andagitd ¥fthe electrode(s) may be
used ﬁqg&%tcrehﬁmrdgﬁgaleéfﬁgﬁr& n %ﬁe IUCt u %r’ ef{raglpraﬁ gfa Ilgﬁactllﬁegratmg can be

used to corr ér-order a
dynangipally] predugech mathis jthd Ilamdt orystahitbyussu tconearrice eihg f daped patterned

electrédcIDSROEX éﬁtlhé’l EMI@&\R@ afif E&&atl Sad Pov3dr DL e% upon the radii of the rings, the
widths of the rings, and the range of voltages separately applied to the different rings.
Alternately, the electrodes may be “pixilated”, wherein the electrodes are patterned to form an
array (1.e. pixels) to which any arbitrary pattern of voltages may be applied. Such an array of

pixels may be, by way of example only, arranged in a Cartesian array or hexagonal array. While
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based astronony. This technique, referred to as
adaptive optics, can be cither refractive or
wdizddroactisbve and is well known in the art. |n eCThs000000549

t he above cases the required operating voltages for

such thin layers of liquid crystal are quite |ow,

typically less than 5 volts. Alternately, a single

conti nuous el ectrode may be used with a specialized

optical structure known as a surface relief optic.

Such an optic contains a physical substrate which is

patterned to have a fixed optical power and/or

aberration correction. By applying voltage to the
such| gmarcay eff pixelalcan e mserhta penesite opticatiedd povgers by emulating a diffractive,
conoggfpﬁg{ar% crtl%'dle ??Lécg@xlre‘/lg ?Jakg:és)?(;%n%sr%g t0 \#)r'fe%p%%ﬁ%h ﬁder aberrations of
the gyedp @cmﬁm@r 91m1[a©@9}haAuseld|tc Icerre¢tefyeatnwisphe|nq murcbuke;nyesﬂadcts in ground
baseglte)égbﬁ:cﬁ'h Y ﬁnsS Qechfﬂquga%feﬂjeﬁ %o a% A'H%Eﬁivt 8 t‘i:cgn?éx{ Hg tcntgg' efractive or

el ectro- actlverru focal optic ex modal
diffrpetivs andyis el kpovoy & theoart r dmteither ofethe aszvweascptthecrequlred operating
voltd§ROWBr istcH hﬁnafas'ers ”&dﬁhm!i eO5&5 LRC gﬁlpeo h&k e})/g’ dp%lly 9b&' than 5 volts.

conti nuous | ow conductrvity”circul
Altemgeds Grdnede esntingens clestradempy pe asedowift aenecwlzerd opdical structure known
as a %I@E&E Seliir@PtiC OSGACH ik Y:oﬁt'aﬁlg aﬁ;lla?ﬂgzg sﬁi)s%%{ermgh 1s%9@med to have a

pl.ication of a single voltage to the

ﬁxeCl: aﬁw&tnqwer \Rngjop gbemraiony m@cu@me B}bﬁpmlma U‘@tlfﬂ% tg the liquid crystal

throwthei6é QLB 0dd IBEPSWH db¥rr&ichardbtioh SHWBBIWilched on and off by means of
el ectrically resistive network, produces a voltage

refraghivefnde miseaddos 4nd maighine. 6¢spestiyslve crystal, which

S I uces a refractive index gradlent in
[009f h tﬁ} % Ifygﬁ' glfgltlcwlg cwsiab%pcalﬂy Pi %{)u’fx&) g}aysallsg bgpged tq construct the
electt@hdtBet invRi-foasledpt@r adiop Rkamble] af MB&HII 18R ARy 3Bk employed to create a
ectrg-actjve | ens and VVI|! focus l'ight inci dentp upon

feffaFJt"’e RBY%r dESe ot thie 3 thi BRI SSGF PRPPRKY .admeglystcammuous low
condhatyxeiy ci&mmeuee&dded@r@ameat by, &id ihelefictl SorRict 1¥igh, €Y Bingle high

0-a nt. corrects for,
Conduftévé rrbnga&taP vedg%réagf a‘C/JI%Srl F’é‘ﬂg&g"% Hrgle veliaseite ﬁ?g’dg}f gpnductivity
ring Zlavander the elow somtubﬁmtyt eleJ:trcqieL dsenydlyab @iispy aymndite, electrically
resm{lve ﬁl%l(i) nc%léi V%lgl d be ?age ra Lre%rﬁ %PT%E% eg:]lgy a&e ri]itquid crystal, which
subsegjuently trdactsi eveafapte@t mdé:egﬂadtesem this Iliqufdemastale A lijegbf Yiquid crystal

withSaD a@lxl/cz 6I‘Idee %Qél%t %{l cplo C%S’a‘c’n el%%tro ?Cthﬁ alYs %d %Néll focus light

ac uring process, | esira
mCIdPlPdem diu degatstiyso netie shlalgxepﬁ)@@hb liguid ndrstaaipeexashemyrodé geometry or

the &J&%Sf %na%ntﬁgtt the &9 o@g%\%{l% glepn%n sogyc%gh elelg{rg act?ve spectacle
desirable as It both si nplifies t asserfb
lenseg fquidelr éabsicetnd i aremen ey esimilpetd lsqt@d: kwk’eéphsn’gym nnd in doing so
woull WEREH Frodaote matdre pRfent Behrdoly Vi dual conponents. The
i ssue of reduced SKU s is especially inportant when

[001@leBitd dvgnimbichalizfRa of@lcetrb-QBERSspa&tadld erB&SwillGe §HFO M Rikhly specialized
of. vari abl es such as

manlgf?)%%x?r%,gwegﬂ%F%dr %g a‘P’“%d‘&Y ;gzturmgl RRFEsqit is desirable to have as few
1nd1vpthtaEd§cSnIaﬁ'teh§I’mtpoEsﬁﬂx @sd hﬂ\l‘iﬁasl Mhef Mbie&fo}{npﬁh&hﬁﬁ@ ﬁéssxble be mass-
producea ThlS 1§ dQs%er%%tn t}g1 %D‘R)lil 1gse t Sé a%s%?n%yg prk())gests gl} re uces the number of
required stock keeping unit numbers (SKU’s) for the individual components. The issue of
reduced SKU'’s is especially important when dealing with spectacle lenses as one has to account

for a wide range of variables such as sphero-cylindrical add powers, prism add powers,
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of the various product configurations (i.e. patient
prescriptions, frane styles, and frane sizes) so as to
woeduosigshe overal | cost and anount of tool i ngrPCce®SR0ed00549
to process lenses to suit individual patient
prescriptions. The manufacturing process detailed
bel ow addresses both of these issues to provide a
manuf act uri ng approach that is both insensitive to a
patient's non-presbyopic vision corrections and which
reduces the nunber of required SKU s by using a snall
nunber of mass produced conponents. [001 1] The
.invention contained herein will allow for the
astigapatic dxeh end ¥eipepilary dissces ghlsouht mapubpuiios ptonea steul§ be tolerant
of tHeQRH i sE! db :
o g oot OpARRrion: (e ANFL prABEE RERELORL U fame sizes) o
as 1Q:1pguRe therpiveralrqosicans grapunt of tooting ovqaired &f p@cmS\I@lses toosuit individual-
patiddy pREMiRBNE p’i‘h&ﬁhmﬁ?&ﬁﬁﬁfg ﬁ'focép BEGReq Ky 3, DERLOT boz?h o{ these issues to
combi nation of both. In another inventive enbod
provideer Bagriarring pppwarts that dobetle dessntitive to gln@men(blsdwn-presbyomc vision
corr@JBBhd Atd WRRhirBhREd el Ritel of Hz@;uﬁ‘ Kﬁfhté Wﬂémé ﬁtr{u}{q%er of mass
error by having optical powers of sphere or
ProdycedSomARAE BN of both with additionally | ocal i zed

es of. opti.cal wer that corrects for gher
10013} Fh¢ Sy Biord BpishiBed Peveim il cliet ondis ATsint dbtioation of high quality

optlanbeddefgenb&daahle&iﬂﬁﬂﬁéﬁt The mvBtﬁfﬁﬁlbi{ﬂ:ﬂ)cbs@d BErefi IB'FB{/MES for electro-active
e VI t sho e

t n oi nted out that
‘e“s‘%r%@aetn Bl SRS midhrEoS e ogGaliom gt ety having optical powers

of sphkectylmdeces a/@)ndmmmﬁembotho 16 @ﬁﬁtﬁ@ﬁm%x@ﬁ@)ﬁﬁnﬁbcﬁn‘féﬂt e ¥lectro-active
a ower s

f 05| her.icgl.. opti
ens Bpr A I AR Bkt e REF U Sonie o b etennal Gepiye cror b
haviggentimet pdwers ©b Isplmllt Iaylhaﬂerr etf 4 acihbiveti@r éiomotbymﬂa@éﬁdﬁfonally localized

B I T T
embgdiments icoe carrdsd @rm@ywmbﬁmn@djy hmammwexaﬁ] G?mhbﬁlﬂtbefpb[nted out that

r elthe ranm ng t
the Evggﬁeo gﬁo\lgtgtlﬁl\r/%ggr ?guog{hs hglyel sus%on al n Qi Cr?nfﬂ‘i’gent to correct
preshyppiathy gvaycaficpesting eq.*ehve g]phebyaly\@y:lcalf addgosierseldlecthan@eslectro-active
lens bcﬂn (J?x%np%r:hs%h E&E(F\II‘\P/%@I\I'%?IJ Oﬂ%r%g@? ﬁ%ﬁgctgrf Ie%ng)e bger}az%/ d?tt‘r%%{c refractive,
0pt1c:6lf addh @opisise Af ispheran cxdinger oo -facempwatpeof doitte | Burthet, Sthe inventive
embdﬂﬁﬂ&ft'c@ﬁl‘am@ﬁ héRirP&dnl &)?Ilectef{o{efggﬂér 3:8L: BEOM ﬁ‘ijll %? eﬂher programmmg the

ti.cal power, The electro tive spectacle
clectiP{zefitic Prr@bﬁ%mxg'éscoaﬁmeﬁgéwn thsi dertocvs poment i vy of localized

changddén fRtrio6alecBbIBVY conbibhbhdof thBnehifaL r 0- acti ve
spectacle lens further conprises an electro-active

el ement in optical comunication wth the optica
el ement and is positioned within the insert for
provi di ng a secoSTMMARYIODTEER INWENTRON vat ed and
substantially no optical power when deactivated.[0013]
[0012]dn g fiysicesphpdaners oif tesinvettionhe darrentiionspeatacie tdmads E@nprised of an

opticATBsh &R fdF IpRY/i@Re &l BGE ¢ Bﬁ&@tp'()%gr The electro-active spectacle lens further
comprises an insert which is disposed within the optical element. Lastly, the electro-active
spectacle lens further comprises an electro-active element in optical communication with the
optical element and is positioned within the insert for providing a second optical power when

activated and substantially no optical power when deactivated.
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spectacle lens is conprised of positioning an

el ectro-active elenent within an insert for formng an
wazeEmeisd i nsert. The net hod for manuf act uri ngCaWS2007/000549

el ectro-active spectacle |l ens further conprises

| am nating a lens blank to a first face of the

assenbled insert with an optically transparent

adhesive for producing a first optical surface of the

el ectro-active spectacle |l ens. The nethod for

manuf acturing an el ectro-active spectacle |ens further

conpri ses positioning a nold over a second face of the

enbl ed,i nse ite the first face for formng a
1001 EE T 5PeB¢ RBERTEIREL HOa ISYRUORe: Feihed PRI FHEr o pgsto-acive
specthcle lemrislfcaapﬂsretl g paﬁtleﬂnﬁgtaﬁ QlecB6 kYR SRREAALEN LE ﬂﬁert for forming
ses<$6 [in the cavity with an opti cal

an assggx}i»ﬂ ' ing ﬁ ﬁ Jge flléf@ftﬁpp Hgn aeﬁecéqoqupy@ Aspeatagle lens further

comjgzec ﬂeamlnetnig Adedsublahie rto GOFRt i fB&S of \ttid REefBRAOBEIEJith an optically
econd optical surface of the

w80 bl o0 B10Galle &S oplid e o i ckorsh specactefens. The
methedrtb‘@dnmactmingt zhﬁelbctftttﬁd&ttilve Rpectach®len® GurfHef comprises positioning a mold

e TSR Al e Ll shect sl e LT 2 e
mold\,qnt:l hhenleam blank.eiThe fnmth(fdoﬁomguﬁﬂtuﬁﬁ§ eﬂbleeﬁo JaB@@r §pecta-dl@ lens further

urin el ec acle
Comp?gwﬁﬁmrgt Y, cgﬁn%?tlhs es I&%’ Wy Ilr Bfipg an electro-
activgyspastaglegleny lﬁd’thgaskmpnseﬂwnngttﬂimdptfoal‘ r&fﬁﬂftfr@ﬁbdifcirigga gdtond optical
surfa® G¥thd QeAfd-hafe SPRELAGLE, | ens Further ‘compri ses

positioning a and a second nold on the nold
0014938 K ehird WHBSBhbhi! ' e the second .
[ ‘?gi flror form ng;dg@f::egwet%tyogoét I\%\i/eetllé'ﬁd ?‘%Qg%uhc%urhglaa ef:eﬁ@o'acuve
spectagipleay issRAPHEAPT PPRisoRiaE Bib dlete-activeslenadnd wiithgn aninsert for forming
an as@hdd lﬁs&QtTh\éQné‘tp&Pfo?maﬁuﬂ"a%ﬁn% %l@@t'io SQIR hg'c?acl lens further
filling the cavity with an opt resin. et RO df
compiggs W&@%ﬁﬁﬁ%‘?ﬁ’lwnéﬁéﬁ’%l@ﬁd@@d\g@ﬂ@p eEheunbthod msnanufacturing

an eleﬁ:tib-tabﬁ?sfe POTREE RAS fGthel Adnbites Etpstlt'l&ﬁllg 5 ﬁ%‘t otPind afsecchnd mold on
ﬂmxngd C|n a.first and a second optical surface

grein the bré Pgld|isopRasde thBEg@Rﬁ pnﬂlmn(ljmrqmga cavity between

the fifsl IhAMVaNG&e[ 000 mb6dGThd method tbpﬂaﬂdf@éﬁn%ﬁ% ﬂgﬁtﬁ{-:acﬁvee %pectacle

knsfxﬂﬁ?cxn &l ﬁﬁtr% active ectacle | ens
The & eE‘igi’ SATES By gRfty VIt Qriicglgesinailhe msthog fprmanufacturing an
electrcp—eétrwcspeczml@bb?. ﬁﬁ{heedxﬂﬂimfkb§cur[r@Qﬂ@ﬂ>ptEbﬁem% ﬂxspr@ducmg afirstanda

] [ awg N necha aII flexible and
secon& ggtlééh ?ﬁ&/fa% mhe %lecIro actlv Séna?t ? y [ 00 17] FIG

ransparent Sinsert;
3is a top- V|eM/draMAng of t he |ntegration insert with
the addition of the transparent electrical |eads;

[0018] FIG "4 ismeckAPriGRWILRAY BRRaYyNEE | ntegrati on

insert with the addition of the transparent electrica
[0015] EBGISL Bndiophkieg daivats 6f b edhblel ENarRh&/E PRSI lens which includes

the electronic, electro-active optical, and bulk refractive optical elements;

[0016] FIG. 2 is a top-view drawing of the mechanically flexible and optically transparent

integration insert;

[0017] FIG. 3 is a top-view drawing of the integration insert with the addition of the transparent

electrical leads;
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[0019] FIG 5 is a close-up view of one armof the
integration insert show ng 2 power supply |eads and 9
wdnow@ssisgnal | eads which are connected to thePCT/US2007/000549
integrated circuit; [0020] FIG 6a is a top view of a
conpl ete el ectro-active el enent constructed fromtwo
substrates with concentric ring patterned el ectrodes
and a substrate with a single continuous el ectrode;
[0021] FIG 6b is a top view of a substrate with
concentric ring patterned el ectrodes; [0022] FIG 6¢
is atop view of a substrate with a single continuous
? ectrode; [0023] FIG 6d .is an expl oded view al on
[0018] FIGA4isa joravisy drandng SfHiedpieetation nset 2ath the aéth%ﬁf? thg ftransparent
electiivaGeaPand|iR@gdledkiienit BBvd Sedrdn; Vi ew of an alternate
conplete electro-active el enent constructed fromtwo

[0019.3 ISt Bt asclovetud ek fo e lagrhi fthél idtdgraiohi Meers SHdWaha! 2 §ower supply
lead (g%dwlthl? %"&81.1 contlnuto EP&E|ECtrOd$ and a
cads $ 2 FxT Sy 4 %garacmw & Iigesled SRR [ 0025)

IS trate .for the altern
[OOZdiIF%t %8 1asc: |v% ?emenf”1 n%pr&%\ a‘?ﬂlﬁo ACLVE sfgment conSrufed® from two
substaies f wiile tbne@nstcr ting pateraohekctrodes land as subgirate cwitli iandilgghs continuous
clecul£Ct rode; [0026] FIG 6g is a top view of a substrate
Wi th a si ngl e continuous el ectrode; [0027] FIG 6h is

[00213" rn@xal Ay VieBNb ABOAOG XL R AP cidh ﬁsﬁgng@gg%gogj@

alternate el ectro-active e enment O

[0022F IFEG. & is hSoRvie @b\ sE¥étate @it @lsifngre RBLECRIPEGESle;
electro-active el enent construcfed fromtwo substrates

[0023\]\/! RIG. 60 dodn é)@ﬂlﬁieﬂ hest 10aethe AR AASITIR dfcﬁltl[ﬁetw!ete'&tr@-actlve element of
FIG. |_ngl e continuous electrode; [0029] FIG 6} is a top
’ew of a substrate for the alternate el ectro-active

t. wi.t h rmd ns el ect [0030], FIG 6K is
[00242 IFF el AN RY Y Os d sﬁ FAHE QP {?96 e?%c’hﬁ fBVE ﬁ‘?‘fe’ﬁttfé’ﬂgmaed from two
substmgiee Mlﬂlcsda”ace[ @Dails]lffﬁlc@ve Sruttures @ated xyithaddnply t@winab@tectrode and a

Subsula{g%%{(gl §’n$l 'Ef)%finutglﬂg ]%g%%et e alternate €l ectro-active

enent o FIG 7a shows a top view of

[OOQS??I@Sﬁqgglt&Sj vfeuzt(ﬁgf &Poht?%ﬂe FRSRL thJﬂQ@?g’ %Lct% %tlz}g et e‘@f‘?w@tﬂ a surface

d view along the axis A
relief sﬁ Q‘Fté’&IStrB‘Fta’@éWéWfi vath g fieele P%W@S&P&Qqﬁvé@el enent
hin the integration insert so as to nake el ectrical

[00263: gﬁﬁe@t s gromured a4 spbriragn with ¢ singlecpiinuepeplestrodsnd t he

atlonl sert 0034]. FIG 8a i.s a to i
10027) Bt I Lo et it RROE e Y A& oF RS SRS g lectro-active
elemeet c&ﬂﬂﬂl 6al

[0028] FIG. 6i is a top view of an alternate complete electro-active element constructed from two

substrates with modal lens electrodes and a substrate with a single continuous electrode;

[0029] FIG. 6} is a top view of a substrate for the alternate electro-active element with modal lens

electrodes;
[0030] FIG. 6k is a top view of a substrate with a single continuous electrode;

[0031] FIG. 6l is an exploded view along the axis A-A of the complete alternate electro-active
element of FIG. 6i;

[0032] FIG. 7a shows a top view of an assembled integration insert.
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| eads, drive electronics, and an el ectro-active
el ement having patterned concentric ring el ectrodes
weano@Evgedsi n a manner to generate a diffracti vecrass007/000549
for providing optical add power; [0035] FIG 8b is a
top-view of a fully assenbled integration insert
including all the electrical |eads, drive electronics,
and an el ectro-active el enent having patterned
pi xel ated el ectrodes arranged in a manner to correct
for any arbitrary optical error of the human eye;
[0036] FIG 9a shows a fully-assenbled insert and a
finished lens blank as a first step in a first method
[0033bF1Grdshaws en erRjoded vt weetong thoriiy &-4 péEimdh of erpysical placement
t
of the A 0 TYF L AR WM L2 iphoban RSN, B 1) 3386 clprrcgl connection
befweielh the efqcirgtaciyy lomens andriheinigetatipn ingen el ectro- acti ve
ectacle |lens; [0038] FIG 9c shows resin filling a
[0034},%1@} 8a tsa%F?@d’“?‘ﬁ of ﬁefulln@és(ep@(lpd intngratiga dnsert including all the electrical

leads, fawivk Y188 688P h@flad HE&Fd-acid eiérﬁh‘n§ﬂ%% ﬁd@@r&h@gﬁceﬁﬁlcanng electrodes
third step in a first _method of manuiacturi

n
arranggfl dp ¢ F@na%rttP geespee tHEPeiedes foy m@w}ngmp@calggd SRV
cqnbi ned full enble sert and finjshed .
(0035} PE Bt BoPrie e Ry docetobed BFErate ImsForSogal e electical
leads, adifveuelbttr@ii®p ahd) o dledtid-adiivt Ndenaft KRGS patetiddngixélfted electrodes

l.ect t t l. 0040] FIG .9 h
axrancg S RBASAIY RO HL G ADY Eam?%i é’P{‘ Lt WEREEHEN | ons
[OOBégbﬁgﬁa:{hﬁg{s eattpﬁ¥ S?s%mt%led mse aﬁ{nsé Ll%l?.k as a\firscci s{ep in a first

nwﬂmﬂuﬁmﬁmuﬁ@hmmgaanMQMEeun@sa@nmmebapectacle lens in
whi ch the fulu%-assenbleq insert is lamnated to a
(00375 B b shiown dy Mllrresssmbtad ingegblamjnardao Hiofinigheglenseblank as a second

step il abitsY n@%@@hﬁgufa&ﬁﬁﬁé ax@@ﬁé&é-gaﬁg JtJMJ‘leﬂs mol d gasket
as a first step in a second nethoé of manufacturing an

[OOBSFFRFWLOS@WSI ¥8n SNBSS AGhEld! MAShed| B0 linvekt, c%%n%e!a%@yfkassemmed

%A ose surface defines a finished | ens blan
insert &P‘% g&ﬁgo teps plark Abt drighisretr airsh method pf neqnufsciupng an electro-active
spectasRdedy¢l met hod of manufacturing an el ectro-active

spectacle |l ens;[0043] FIG 10c shows a second nold
[0039hFICh(ﬂd€§ﬂoW® tHehentbired fghys—kﬁbmfeﬂeﬁsevd'hind ffinfdhed reBk BRnlAbRer the resin

resin as t ste nd t hod
1s cure ndz ﬁlﬁ frg%l JFIP%vedaaﬁs ae oeuC h step LRFE ést g?)egl& f glavlgﬁg?rmg an electro-

acnvepﬁ@mﬂqeﬁmia 1Qd shows the conblned ful ly-assenbl ed

insert and finished |ens blank after the resin is
[0040 EikCe Pearaws lrecomblined falyrasrsidledansest andr semidimished leas blank after the

resin i @Hell And WRPMbRA RmdS&PRBIROM 8fst step in a first method of manufacturing

an electro-active spectacle lens in which the fully-assembled insert is laminated to a semi-

finished lens blank;

{0041] FIG. 10a shows a fully-assembled insert positioned within a mold gasket as a first step in

a second method of manufacturing an electro-active spectacle lens;

[0042] FIG. 10b shows a first mold whose surface defines a finished lens blank attached to the
mold gasket as a second step in a second method of manufacturing an electro-active spectacle

lens;



10

15

20

25

30

manuf acturing an el ectro-active spectacle |ens; and
[0045] FIG 1Ce shows a conbined fully-assenbl ed
wone®rog1and sem -fini shed | ens bl ank after thePCERISI07H00549

cured and the nolds and nold gasket are renoved in an

alternate second step in a second net hod of

manuf acturing an el ectro-active spectacle lens in

whi ch the el ectro-active spectacle lens is cast as a

sem -finished | ens bl ank. DESCRI PTI ON OF THE PREFERRED

EMBODI MENT [ 0046] A top view draw ng of an

eI ectro-active (EA) spectacle I ens 100 manufactured by
he proposed nmethods is shown in FIG 1. This lens

(0043} 56 LHbsRshoNvs; hErsgna IR aitpaefto Tomolss Sisket fgpr which the molds are

filled WiBNSHA8 A thirdl BieP ih ial Bt HAGRSho £ bﬁﬁlﬁﬁdtg@ihnﬁgeﬁg SledtfPa@ spectacle
battery electrical leads 130, to

lens; o] ectro-active (EA) opti cal el errent 150 and i nt egrat ed

t140 ttached. FIG_ 2 sh th
r0044f FEGo A sty Plechomlfathioili-<aiAebe St o¥d fnishpdrlens blank afer the
resin ﬁlcﬁﬁddralnﬁ ahe in@ﬁi@ An@ Endldl gﬁ@étadr@ ebrfdve8 dé b FodBd PR -a sEE&hd method of
nu{ E”é‘ 5 %ng 0 and EB 80 of the integration
manu SRS on 558 BroeaErmpei ca support _wher
to0ss) B R Fho 8 bl BT mb i PO Oy e gk aer the
resin if goredtand ¢iv mglds nad spid gasketelresimavedin Arﬁafltéﬁaale?&caﬁmbté;s& a second
methoﬁngf h%\ﬁg{%ﬁr@a& Iefegﬁlb ta§tu%:48> %clg qen%rlg \{Ilhlag ?l'h electr cﬁlge spectacle

oper at el ene nment  nmay

,lenslwfﬁ@@gm@mrwe@e&mbl‘a&bes or may be desi gned such t hat

one surface is planar and the other is curved. In nost
but not all cases these surfaces are equidistant from

each other. Integration insert 110 contai ns alignnent
cdges 17DESSRIPAAON OFi FHE SREBERREREYEOPBENT

nin the insert with el ement 150. The ingsert
10046 B S| B HHEPHE (ERbAPSHHEES dB0 meactured by the
propofeelameuhsas Bnghobvavia Rikte 1alhisi Ibys Irﬁ}tﬁ@éﬁx@ﬁrﬁéér@hdrhﬁlsert 110 possessing
a lens that .exists

transpy ?:Iref) F n@nﬁ F?P% ec!%cl% tlg{q‘é pl%tgsad‘fil hattery ngec tiigal gads; lﬁgef"c which an

eIech’Q}adN&C(E_AO @pfical raldnoerit 60 aadl inte@fited dirvdtsUr4® 2¢ afBadhedSFIG. 2 shows
the in{e%xrsaai?rtl Qﬁ%tgvﬂﬁh\?o\bﬁ%.\a;c% h‘[% thm ﬁln% S%Ftélc klelezic{,? or\,‘gtgigréeq CKgLutS applied.

e unacce
The CQ;'IIIl@hTing 180 amd Garinst AP0 bfthe |1mthgatmuins@t 1 5t avnpeprofvide Ijlihysmal support

when 1 &gﬁ&%t%ogﬁn ceER é:lgm@rg BS% %th%hﬁ)%tﬁu(ﬁf Vl@fgac%vt hlpﬁcarf e ement 160 and

prowdémnlmf@mafqrwﬁavlang Hbhspagint hlet:‘thpdldcﬂ;ls é@@ add)vllﬁotaod B30egrated circuits
140 wﬁﬁ@xhé?& ‘hgech %Q% gra?enﬁlle’%A %@neﬂpdﬁ@ ?)&bgkxﬁ'xg hli\)égpqénar surfaces,

IF astics are avall e 1n conpara ness
curveCWH a6et pempY e gesignashsuch dkat tong sudirsvip Pl?éﬁrearalsthe other is curved. In

most RNt a8l HbeAtHe 8N bk@lced 'afbgecﬂj%lst%tt ﬂ?orﬁ%a@@%ﬁiepg Iﬁfagranon insert 110
separate arnms_ 190 extendi ng radi al 18){)ﬁ romsaid rrn
O

contaiyy W igniiest f0eB D REHeBE P %engﬁlafw aishalignme of frennsert with EA

eleme@undi "ﬂﬁ-ﬁf&@ert tofuet lbeﬂ&ﬁ[ctallm E&@Kﬁt ABY obR6Y dM3inehic reasons) and have
Jncl ud eni for,.an el enent and materi al

the abjlity {4, o o e el gT PO atRpiGY lenh it &iiss fiar different distance

vision @k@ﬁﬂ;btlons If the insert did not conform to the radii of curvature of a lens for a distance
prescription, a thicker lens would result which would be unacceptable to the wearer. As such, the
insert can be either cut or stamped from flexible sheets of glass or plastic whose thicknesses

range from 50 um to 150 pm. Sheet glass is commercially available with thicknesses down to 30

8



10

15

20

25

30

el ectrical leads, thin-filmbattery electrical |eads,
and integrated circuits. By way of exanple only, the
wone®rog193ay be a flat toroidal shape, with a cearmask007/000549

openi ng and al i gnment edges. [0047] Electrical |eads

120 and 130 can be made fromthin filnms of transparent
conductive oxides (e.g. ITO ZnO SnO ) or conducting
polymers (e.g. polyaniline, PEDOT:PSS) and are applied

to the surface(s) of the insert 110 as shown in FIG

3. The electrical |eads may be added to the insert by
means of either additive or subtractive processes.

Hm (Shaft? | ¥ 263 o ed eAF 5| andj mnmbffa;rmr typra9f| 3stise mere pvailable in

compzﬁ'ﬁblgtﬂ'u@&e%est IWPﬁIef ﬂhle P@Ltg s;ﬂ%?ﬂ%reaasség Pidn cléntral ring
of the electrical |ead terl active p oce

180 Wiih sInPrERas aerk sqormsic mn#?peeycteedma eadipllyr frpmishig rorg, the insert need not

be thi§ QRAYeEt 18 dreRadtheeh iRl BRE rtt'le Wiskh rﬁ%ﬁg&ﬂg %h§ ?Qm thlch includes an

material and then renoving t exce
openipg fofap Ef ﬁﬁ‘f‘f’@raﬁé Anaiere) pp@@eéetl t@trhea)pdmme dor smqreng thérefilm signal

" electridfl RhdsO ThiRTHE SSatery! Sle&RDA qbd@”&rﬁi Hﬁ#zﬁﬁd '01? t ' By wagll'l)q“ example

hlckness of the material from wh s are

only. g Hsert lﬂ'??tyéﬁ an%? tq5pidal shapg, prithesaenplpreping ped elignenpnt edges.

cor BRRSEIER L g L hesm 0 am et ese, Inother
(e.g. IDO, ﬁﬂOhSﬁ@g e8 caidut iy pa1$@ELs (e. éQQ)‘lﬁimﬁHéePEb@thSS; @hd are applied to

e R A LR 0K L B
insert bp nd:amsemﬁehtyerrmldhive or Elﬂ)tlfab@vd p’iS@ersiesa&dUitin ptdcadsestwbild include (for
of...one of th %Ins i S sha

exam%)écrqgn V%'m%ng 0!5 thlg m epg%tj{% o%gh 9sh OW@?I{ ggﬂﬁe}kcmcal lead
materifi. . §Ubbafti“vergr))cﬂkasctvbuldainc]uéac{ﬁ)r(élxa\t@lld)agﬁleﬁlf)dx’t_ﬁlly or completely
coatin rﬂ?éjfﬁggrt gzgtg R q%s?re 'ngrﬂe 8? (flt&e;?hr%%lo&{x%ﬁ 8)e>(<c§eﬁ%[>%\lrlr§ans of either a

I eacC ase
patter@ld@mln e stve gtd@;@cttmtb Hlaset ib]at'ﬂm@rb(@m SIn&ﬁnﬂﬁ)Hirﬁerﬁ of the invention, the

thmkn?gsoég‘ %gsqgegaﬁa? gf%or{l %vﬁéc etstl?e?g gds:)%rgggo%? é@%?y %ﬁ%} eﬁ;‘%élg? 6‘?53 and in
prefergl gndlodisentst thedhickhezsads 1@feqe rodl Sessp Gl otHee embediinghits 3F il@Ninvention
the leag mtclg%ﬁ_gﬁc&i &Fﬁﬂfl fe(cg.{; 8Pt%§§nesgrt bel ow) and may be, Dby way

ew as or as many as 34. The

[0048]V‘71"}Q:t @le%célhﬁah§%ﬁ§wd§—p ggcrafég &E:%lt V\pg lla’flal ?Y}ﬁ&aggntams She drive

umber of | eads reqU|re
electropise dpe. e difs slsaneat. fe Raiditeetlf mouspd rhecza:sern solllastiagnl. inBYIG. 4. A

close-WieRfofexa B ke AtlsYis sh&@dlsh B & %Wedﬁ¥ ‘%a& e :leggm}alg]only, 2 power

$ﬁ %@ may. be used for the sig el ectri cal

supply\{h & Rabery 3 plsetsisehipafs ( evgagg%nfihl goendrhdfli e Ssyenabslestrigal leads (8

drive s@aH;Sde eafdhrphtaf@lebélténﬁrlyg@hﬁgt lr?_'()(h?é sﬂo%@fj&nng&@d & @P3E. The 1C is
trical |eads ﬁonnect to.the EA el ement's patterned

C
capablg DB BBy A Afray el FFHrl ot end, ipon the desired phase

level. [The nﬂnﬁxﬂ)bﬂ&tfmglabfelebhi%a] ﬁv@ddp&ﬁﬁsl UboWihe BorfipardE0n @ EERA element
atterne concentric rln

(dlscuss (()j\gJ Il anqt ! l\)/ee IyenS %}A F 3i) he wid
7B £t 55 &Y Y l§onlss 38 1eby 8t teaPRm A dehThe width
of the bfhdst h&‘pep&i d}rermeﬂaédbé@ lspsa@d,etﬁe Wlutnhélﬂoﬂ 188d sele QUITRA] adceh width of the
fines the ower_of the diffractive
mter«legg d spacs I'C%I%III',C&C f) relgegtn?%l Isolgtxon By way of examp[e only, leads 100 ?m wide
with 100 ?m spaces may be used for the signal electrical leads whereas 300 ?m wide leads with
300 ?m wide spaces may be used for the battery electrical leads. The signal electrical leads

connect to the EA element’s patterned electrodes by means of an electrical contact. In

9
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separate anplitudes of the voltages applied by the IC
to the separate electrical signal leads (and thus to
wo b@7/pstos®er ned el ectrodes) determ ne the phaseP@r/of100z000549

produced in the layer of liquid crystal and as such,
determne the diffraction efficiency (fraction of the
incident light that is focused) of the EA el enent. As
such, a single IC design with a single SKU nunber
assigned to it may be used to drive any EA el enent
regardl ess of the optical add power it provides In

ts he, i nve n whi ch the EA el nt

emboi?%neggp‘ﬁgﬂ a'f%?imoﬁa‘f‘t whi ﬁ@dﬁ% I%écflle’ér’ﬂ’ét Be¥/ |dtf§‘a°tt‘1ﬁ’elens With patterned,

concenpicl ) elpavaies, amds’ the rgbﬁfzdf 8izé QRIRE rah&&ﬁliﬂh')‘ df $he patterned electrodes
an the pattern

d d of
i CQRUELEL Y ERE 0800, 051t DY g BRSO e

separe&erbmﬂllmﬂm &f t(hé vbhigges ApERAIBMthe DCWH Hféﬁe?h@te@ecﬂﬁ@ﬁﬁ@ﬁal leads (and
itude_of the vaolta

t.h
thus P paRR RS e SR (R PLspe g e agteb e Phder of liauid
crystad @fldl aeswﬂh ale@phireathe aﬁiﬁra{‘)@m&ﬁﬁcwﬁef Chradfion affahé Ynculdﬂx@ light that is

focus&%gp Etﬁbglg%ggtl IAesds é}g Lar r?ﬁgg quua er assigned to it

ower .
may lghuged TDh@!EAaI&I Emenl'emeﬁt aagsnﬂﬂa‘sa@)é the |op&éalOs@HI]§‘awet he provxdes In

t i.S fi
o5 ROIGEATRTE L) 9 ERTSSERL B A5 4y o Ao v
the Ontyahn‘deerdwm abepyytiore agrsectibn Vo kebmagletedp nynzedxctandc&e&&hﬁled by the
patterﬁ &f \vcﬁ{é ésva%di'egge%xto iy a‘}&#' ¢ pgzgﬂ 'ﬂl gnqgcg(ﬁglte&% fS I}Qgéx?eh éon in which the

facil ate the connect : t he i nser
EA el@%?’érlﬁ almeriphdanssib iy the, anwliseds| of the ecltagecmbliedtonibe thigh conductivity

ring e&%de&ﬂ&%hngﬁﬁe @{)t%%l p(ﬁi Meqcvbﬁ(% t%%ﬁ$£ﬁ¥ tFeS ﬁ]ﬁh?r the 'il,pphed voltage

ared to maki ng contact to t
the laggep ey Aot o awcal 3udafovisr. {Inenibodndnts mtheymventlon where the EA

elemeﬁ’t51§ ANR-BEL reHIE Bpik, Qﬁéeﬁﬁb%ow&ﬂb%ﬁl of MrreBREEis 5 r%xed b(‘},f the pattern

ysical ly robust and p re uce the nu
’ffansf%m drte dheuubaipte Papbe omircis made dhiraseic by meabs nftage epplizd to create

refract®@Thdexahatolin@ ndmfidntafdiipl | Y soft materials that are
both electrically insulating and conducting, could be

[00491dBs ifgrilédtet the DeniB@idhN@the | fsdt Wi 6 Ho tthe REGRI %wre}'d" 8ource, a small
provi de an

[
electrl%acgcz a2 Iongﬂ zxfé C"{'r})nrg%}i egg ngg%’a?ﬁ a%jxr\?é%, GPmE@(&ﬁirfﬂ @aking contact
to the dih yﬁlmt stter,}oalﬂetmbairlemLﬂBd afer aheSl’éﬁJ; lis BlOClssMbled, 36EH & connector
o) Ao SRR SRS T TS Pt el G
Such & ppeactof.aifs ofate fainala) cctdmlahatﬁmeob@ﬁlﬁﬁefbntlsa siohemb&hhl@rt}ﬁat are both
: ng such a
electrléagzggﬁu\}lﬁzi'ng%g]tﬂg?ﬁ&%ﬁlh% EdeIElgenées d to ﬁa E@C?lpgcﬁgwha\gttp é}je edge of
the leng gsipg exigting edgirmtoplsanid gtk Mommﬁle electriod connection. By way
of exafBreiUnly, A6 %&Qct&y Qélﬁ@% 2 g‘%ﬁgﬂ{)& éf%lggtx% ?Bhgy;%actl}/e index closely

peri pher al ens ‘wou
matcheda fthaf of the huHir lsa@ﬁlatenel thatedontaprisairdsandsledikn aompet (pesoft metal) that

are borERP BEthe Walt &S leAX RSk QSprBﬁ@atWegﬁs Jugfx %ﬁa §&p(ﬁ1%%e%eswe After the

b connection to a SOMBY source. e Integratio
ulle lep @dsormadegrem plastien's degied setnieoisert ehphannpom Hermgachining step

typical Ossel |t@|if§rn5t}fef'bdté}a;§enpheral edge of a finished lens would be able to easily cut
through the small plastic block and the copper wires, exposing the wires for a subsequent

connection to a power source.
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the IC 140 may be placed at various radial distances
fromthe center of the EA el enent 150 to acconmodate

wo b@79srosed sizes of avail abl e spectacl e | ens PCHIBR07/000549
Thus, there will always be an appropriate radial
di stance fromthe center of the EA el enent where the

| C can be nmounted so that it will not be cut off when
the lens is edged to the proper size. Three ICs are
shown nounted to the insert for illustration purpases

only; in practice only one |IC should be required.
Furthernore, fabricating only a single insert with
[0050h Jibeiipteeration inseitlil O gapbesintdesigged with cusltiplyenqwntibe posfions such that

the I161h @@ kndyQRPAAGEAUR vhdodsSEEE) dislaQ0R Wond i é%te‘?lo?WEA]e@Qnent 150 to

and itS constitutive conponent s are shown I n
accomggodnte theparipd sigpephsnailplle sprppcislens Grmay b}:htrrSaﬂ@se will always be an

appro%b.t@ r}adlledlgvﬁﬁ{ceoifrorﬁ)fﬁérpérﬁeerfl tMe ERBYeREntRElEe tHeO® can be mounted so
organic materials such ? ass or sapphire_or
Y

that "o‘f”éla‘fﬂt be ﬁ‘&toéf whfsthe e isedesd hs peaper siz| Byse Bgs are shown mounted
to thEBhSd 3b:S illusRh&dH Iphrdésgd ohi9: fiRr FraQRpt E‘x‘ﬁ!y Mhfe |I@ NG bP required.

an enmbodi_ment of theé inven ion, a total of three
Furthermese. fabricating pobea singde insert ovidt muliple He neowniing pesitions) feduces the

numbSHEteoR KRBRAL LARIISKUsyo substrates 200 have
phot ol i t hographically patterned transparent el ectrodes -

[00512mea:m elemestur Soamd ifskotstithibje @nthosifts srebhbwate FRID) 6ha&s. The EA

elemeél(t)f’slhc%g—x@%'s%da %ftssug%fﬂl{%h\%lrgaﬁ 3@3&5{1 (%.f %lﬁlggé ogmgpg ééa(gglf%da?%frgnq inorganic

materfats Mtds%‘laﬁrﬂwmdppmt orOnfrgﬁri’ine manarem suoh a@l’hlcpylettm a class of materials

bst
typlcasﬂglblgstecri ‘? %S Al ekHHaTlel etnoeis H g é‘r %q%i’rgffrrt&?&é% frb\lfﬂtécaw a total of three
substrtateamwd:eemd (53] @mtsummﬂelse 22 Gleorenonin s haembédiient, 6o substrates 200
| \
e 0BRSS 3EE nhO OB MR
substratetd 0des & bagleafortimmpae trhgypetentslectinle dFIsE lﬁs)s@rdboth surfaces which acts
as the%{%\{éngy gér un | 8% Bﬁ&g&sen&?)r&lrgegﬁ %ﬂﬁeelﬁ\(et %og%ngro str afes are used,

rings t (gen rate optic
In suph embgiobodinent dng sabsizate BP0ohaspy plxcéblsihbgraplucadb'cpattmed transparent

electr@cﬂ% 2@? Qh Bﬁ@gl}f'fagp tIi'I@a I6bf"£x{dq{ne %Lbsthla c?qquﬁ é ?ﬁ‘%fégzjoﬂgnuOQX transparent

exanpl e only, presbyopia an
electr%&feﬂﬂ&t i @hson PppsPIfacen whith dicteat éhq;frcﬁemcq fgroned)on As discussed

previotkiyN eRadb ek Rad, becﬁm&%ﬁrds%oﬁﬁ&gnce Lggd ko %@&r@t@ Q)p sk & i bower (to
el ement praovi des optical add power wher eby

correqh SRTREPIECP I WdR AR AEYY 2Dxelt to gasregeior aey @rbﬁm pptisgbprror of the cyc,

includifid, bl &Y io¥ exdr@i1s oSl teityoBialald Righbi-SkdbAdRFra@dnsl | qui d
crystal. Wen using a multi-level diffractive optic,

[005233Etc bmbodjmants elf elet inivestion! wialdl phtserikale dodic@ntic ey &Tuditddpd 20, the EA
e SEOPERAUTREIIAS (408, SR 9EF 908 ) P He o ms
bvd.dﬁ?&ﬁak bﬂ%sﬁ@ﬁmnlyl&thﬁhyernﬁﬁq@ﬁ&ﬂvﬂﬁﬂeSNﬂﬁeuﬁh@Wﬂnmhxwvd
dlffrac{gf% V@'tlgp%écﬁls%;pf glegt‘rlf:gai}aad 8 &s)églécggnvelz grrgu tlé}a é)f:&ernec? corcentric ring

electrceiee et poipayodfce\thy garragt pluedt: beofile tnthd la3ar 60liu@dDcrPntal. bWhile only 10
pattertf¥d¥electrodes are shown for simplicity (FIG. 6a), a typical lens may contain, by way of

example only, up to 3000 individual electrodes of varying widths from 1 ?m to 100 ?m, by way

of example only. In embodiments of the invention with a pixelated EA element (FIG. 8b), the
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of exanple only. In enbodinments of the invention with
a pi xelated EA elenent (FIG 8b), thenunber of pixels
weowastyey by way of exanple only, as few as 1BOI/08208%000549
many as 1, 000, 000. The size of each pixel varies and
can fall within the range of 1 ?mto 1 mm by way of
exanpl e only. [0053] In another enbodi nent of the
invention an alternate EA el enent 151 is shown (FIG
6e) which uses two substrates 400 with surface relief
optics (shomn here by way of exanple only, as
nmnbe ffra& |vlecl g 20 cQated with a single
XSHPI Y MBYe emplg ABNAS fPIE 480 obfs pREinas 1,000,000, The
size ofSdabls pixal \ﬁ%ﬁneQ@&I Yintfhi] Radhirho 6 g€ Bﬁpbfnocgqsmgzzgy vJa? oﬁ&a?n le only
al ternate enbodi ment, surface relief optics, & )

[0053 el dnokiRowRbbdimehofthb im@ER&T @l ﬁtema@e BRSh1ERLhABR YO th R (FIG. 66)
ical liquid crystal iIs use

t ayer. of
which Egeséwangsﬁ'iaEeS 4@5 P’\aﬁﬂtﬁuvjécq isHebortia chowe hesst r way of exsgwie only, as
d1ffracavé IIernsés) app|cosdd watht ﬁ@@gk%nﬁﬂfdh@"élécﬂ@dé Qe ¥h&in)t 1h§easd of planar

al the same as (nmatc
substriiscboy i 5Fed dlerdiedis 2 dhib ke Smbuameat GHetres i optics,

which sughwtlhhowh by &I&Oardlgélﬁerrﬂetth@ﬁbsubdl a8t ofl dpeibA§dtvel b the layer of
liauid ¥ §XReni ences a sin e r active index as if_ the

iqui 3 f rresl'ﬁetd 5.3 eyréanBF gﬁ%?c 1|v xd?atﬁla%g%aﬁg&‘rs Under a first applied
voltaggrghee rdfakctividimdier & thedajuid apptal e stﬂﬁsltd;nﬁll@y HRE same as (matches) the

f.r act d f
refractff'vg ihdH rr(i}fztﬁ%tsc {Qn eanr%et#mergg% Is C[a%ﬁalgr n%]dlf?rhggo% Instead incident
light og%@mea@@eamsmgid refratioe  isdenti ziSf ifabé¢ IBA elzimenh evekdﬁﬁlﬂﬁm layer of

homogleﬁeg)lﬂg rrg%‘?l i OUBH& d s%%ﬁ‘ldt z%pﬁﬂe&) ate egl}e retra r %EV%EPM% tgc? Fquld crystal

he I ndex m smat
is dlffefqﬁlé frpﬁv@mﬁmetﬁherséﬂreaefrwyeume sof that smb$tmge 160 @aihthevaddiffraction of

the 1nc%ﬁpllélﬁrdﬁewgltﬁége%u 1§g ?)Bgiel cﬁﬂ‘e egce genm&x dede %}(Mgfnlbﬂ%czpltis%ﬁch In a

renders it fail zero 0
preferrgthprgbedimenicef thef Ilftvag"ef)n reﬁractm lﬁ@Xl matahmgllem@ne»sd when zero voltage

is applidd &Lk FOLIEmBSt 4shfis SUAI8H: h1k5R ?&5‘5 b Btacj’]ai) Fadcp }g;;wer und3r zero applied

1 5, wer at .an Inapproprlatetlr‘re
voltagey.a it Ben fihepds dans is vndenisabip as dre, sugderf mredvaioneff Oq»ptalqs)wer at an

mapprd{bﬁh&htuﬁe neeahaile %bﬁl@ cadde RANELrodd! & fannhy Wacg r%hef optics

hich e only, in other enbodinéents they can be us
wie f%fé‘ﬁ’@ a‘fpé‘cﬁ‘f%@é’oﬁiebﬁlielsé%‘*’% Privay of expneiie gvlyt imatther @mblodiments they

can be gesietdadeetayphasPprodilaatsadildEAo ShRBBI: W4 BB fg?_ér%tg& @J?% pixelated EA

des 054] Alternate EA el enent
eknmngw%ﬁ??gé?%%F%%%##%w@ substrates 400 with surface
[0054] fﬁ(ﬁjehig gRt %1%?‘81 &IC %a(t:ogg%%e(g 2 Sk lél?t?(irgpe%\/: %%ﬁo\glsth surface relief
optics 420 ggited withta mtgi@sommamsma“cenﬁe (EHIGCMD afle ofdubstr YR 1 ®With a single
contmu@@ M%E&%?&tm&@tﬁﬁ botch surta r Ef ﬁ{cﬁ %ﬁé re%%&:rénce (ground).

one substrate " wt e S ng
The ong Pt&ﬁ%tarveﬁt the |singler @d}@nmusmmamm ﬁameade(&{ Goth Ggifades (FIG. 6g) is

identical @?Mbbﬁﬁlﬁ 2t1@t}§&' RS{sEak tg%QAtéq&gent i eagtef 2] %&&QICFA v pxploded

el enent with pat ter ne ectro
view of g fgeal MHHG PheAakiis shevm jis thoﬁ'm wlwr$h1(é swface wHiff diffractive

structusb RECISHAS HGBIL CDLE belirt bF claaf |
igily urVI Sf o e)f sole. pons ] Iet 3 ?ﬁg EMS% #Pn%ﬁft;aq; s%{nehé){uer s&é{aﬁe of each
substratf: AP & onky goigins 3 inglg épntinuous electrode, the number of electrical contact points

230 is reduced to four, two to make the electrical ground connections and two to make the drive

voltage connections. In another embodiment of the invention only two substrates are used. In
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substrate now only contains a single continuous
el ectrode, the nunber of electrical contact points 230
wo gooreshesed to four, two to nmake the el ectri caPCUS20T000549

connections and two to nake the drive voltage
connections. In another enbodi ment of the invention
only two substrates are used. Insuch an enbodi nent,
one substrate 400 has surface relief optics 420 on one
surface (FIG 6f) and one substrate 210 has a single
continuous transparent electrode (FIG 6g) on one
surface, which acts as the reference (ground). [0055]

such gnerghodimanb: e Sulsisist (Pt saface helief npgntd20on oabtsfhlﬂhat(EIG 6f) and

%tala@mm 43 rates 500
o ot ks 1561 ERTSAAE G LS OILLUR ISR 2 00
acts asz‘i‘er?ﬁ?rleﬂcea(géquﬁ@l e continuous el ectrode on both

whi ch acts as the reference (ground), (FIG

rfaces
[OOSS@% et fanihar ambedinagng ef the dmentiom sltematefEAacleieyl 162 is constructed from

two smm\uen UO@JSMH ﬂ@umarenﬁkée&é&g%ﬁ?%? QP hec’ Isﬂgstratel W with a sin le
and a singl e “continuous ring g

i terial
con "“é? “lcf?" gee gi’nﬁ’oﬂﬁﬁcgﬁ ch 2ty e mefarente (groundit @EG.ak). Modal

lens eldverodere conist sfabe sivpleh doh@mPuddi% S
condudth,Z0SRAL eNt gl ect E%Yge on both sdr ?%ggéc%%?% Szé)k comgnsmg a low
d’ Aticals £o° 8 IBStS SPuees HpgmelegiipdaSay Cfn@prmn@a Eikh conductivity

materlgll efien bnanbutistra tvirie ﬂ%dsﬁélé CbARRAIBSs tr&l%pﬁx)ém Qg&{%d\é %V\{)OQE surfaces
A-A is shown in wher

e1G. G idthi 90 STk Suticione 910 Fidvelemetunith phtoned electrodes,

An ex;dp@@tmm ef BRR @Bldmb itighaxG O A thWvﬁ Yn ?i@ GhEeS eRE él%onnectlon
it  of odinent is that as ﬁ

benef
betwrech b EBORAS  He S End oo GHibyeleiqdis 8 A shovn. Oe

beneﬁ’rs@fh@pseerelpqghmpmtoaIth.IICH?.t the tinde® stiltgeifOdack @nEluGlel Ndvb ¥nly requires a
ctrical contact

| f. el
single El'(e)f}%ceg c%ﬁtraEliotg%lrlee g ) cn H?‘O c%fvgg rrmgt %ﬁtr{)%e mﬂ(@aqﬂﬁé of electrical contact
points &} Qistedused togfor teto @(Dmak@:ﬁne @lwtrﬁzlkjgrbm dcPndd@He8s hkttwo to make the

drive vBIthdtCeonRbdiREE FPRASSE L9 ectx%ge%\g%eéxcgﬁ éggtggtelg:otmt(s) r530 and the high-

bet ween the cont act po
Conducﬁyl@hﬁﬁgﬁm@fqd\?lﬁ)}’ i inade, é’IY gctyrof@gamyid ohly, bRARansNF awYisgirent thin-

film el@&@&@bﬁco‘ﬁ@h&h R¥n s are t th
v &l ectrode orxgondﬁﬁgpégpgaﬁgg%gg ﬁS?ﬁ@%EWWBquWﬂnwmuon
only tvig, StsERtes fs® diser ntInofuch ran pmb@dxmem omals;abitvme 500 has modal lens

electroded 390 2al 831 dh®nESBace @IGU one . -
. ° subst raat e 500 has mbda Ié EJQ aﬂ?é)gt r og mte?‘iB h2R @ single goptinuous
rAnsPASRES S UFA L flon e)S“aﬁﬁéP, Svhéchagiyets tize refePBe (@suial).

tjnuo ransparent el ectrode (FI G 6k) on
[00ss) 8l D08 Ly s e B o Brbp @ @(3@ @pmqiaenphery which
make cHg@5Ein Substpratrasd 2@6rodtd 02an4b050Q mvgessé&igglg,l ﬁ&lxg a system of

conduc Sl 8,830 near .the periphery Cc
e AR R fop 34V ag B e Y4 o it i il dctrica

connecti on
leads 1:@;leachecgp@mmwg|aypn meng 1a. 9y &h&ﬁdﬁfenﬁsocﬁdﬁ& tidvéBtion in which two

f h d d
substraté{'?@b ﬁﬂOb?hp l.‘?ﬁ(g §re( Hl% ‘Pe\gn aﬂug % gg e%%_ gtbe stlg%gga)bthgve signal
electrical eadp plaset an Ib@ﬂ'l $u1§e¢st Wl@ﬁ mé[?nbeem&db ikt Sofbict WEh the electrical
contact hEMBMB0UN HE WMHER 4 E%EA%? ?)% %ﬁ@ of gg@ Jp %hﬂggxg sxglrégdlment

I ncorporated into t
one mtegll'a&ﬁld{ucult 140 may be placed on each 51de of the integration insert 110 or electrical

connection can be made from one integrated circuit to both sides of the insert by means of

electrical vias in the insert. Electrical vias are well known in the art and consist of physical
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el ectrical |eads placed on both surfaces which may be

used to make contact with the electrical contact
w@oiring19280 on the surfaces of both substrat espP@DOS2060000549

or 500. In such an enbodi nent, one integrated circuit

140 may be placed on each side of the integration

insert 110 or electrical connection can be nade from

one integrated circuit to both sides of the insert by

nmeans of electrical vias in the insert. Electrica

vias are well known in the art and consi st of

physi cal openings in a_layer of electrically insulating

openifigy @ p AP ic HeCEF] Fnsupees Mo yihielh goReiny electrically conductive

materiiﬁi € icahBlet Gis@aBbéiectdéay Ccfo%h@cti%h:? Glfos€ ahe GRORRSE | §Nfhe electrically
cross the thickness of the electrically insulatin

insulafigg dpigpal- EPSEVIORAmnEeiMebYTER Bist TeSPReeHET e et and the

mtegrét&frﬁﬂﬁgﬁ isShHAs] Kya&tfé%' @ﬂ&iaﬁl ﬂ onfit, 89 Bﬂnfe%nﬂr&ﬁ 86ddukBvd @Ry trace 231
of exa onl a wW_re bond or conductive

as Shog%’o’;\@%f;ﬁa%‘b DS B et 6 e s glsmenhwithp e integration insert

is facnnatednbatthe alighmédedrd ehem%ﬂg thé HbBrighelnof ikt f%géraﬁdeosﬂlbstrate 210,

i nsert facilit ted b al i gnnent edges 171 a
which RESGE 9 B aPyewPr e Siratturandbon dapiearion 1 0 re by, the

mtegrdit&gll iBb@t afidthel®A e&rxfeﬁsmmmfg@edstbrm% wét@Sonk Syrietr] Svith respect to
110, Prefer

RN O T TARI SO T DN —
insert moiydid madd alepgamt bfythai 1hd@g1faﬁsxp astrt’s @liphakfkt eﬂhbglmiewhlch has signal

e 983 M ShSE A Sy EIRTED SO BRI B g i s

electrigal\coofact frénts.nt egr at i on |nsert s alignnment edges 170
whi ch has signal electrical |leads termnate near it
[0057hke asspmldé thh EACAlemerimb i’ even! supstratatsuefdepe sotFihinghare klectrode is

treatech@rﬁh ?ilqﬁﬁlt Jr&&ﬁlahgﬁﬂérﬁuﬁyeg%m s%ow['x Oig)é%}a \-Vrgll c?ﬁ'm tﬁe Ln)eto induce a

every substrate sur ce contal nit ng
given élr%fémdti élqugi Qw%dtaéanmmth Thiugyubisteatey200atvil Bhdvg ihe ﬂtrface containing

the pai:té%@([ Slebétes HROMA wilB Y QK c%a d@)ﬂ%t 1 e1I z!}ﬁl s@%gt)até 910 will have

i nduce a gl ven direction of Crys gnmen

both syfpees conputingthe spple thmuwmecmée sraatpéc*ethc@ hmcimrwgal alignment
layer. tﬂ@uﬂa&rgrﬁﬁlnﬁ%nﬁkﬁtclﬁf&g a% thi gﬁ'x%d((t)ﬂﬂléahy& ho thth&rky oF alpolyimide

gnrrent ayer and substrat have
maten%‘uw igh@ge %Hleélt?] thoge swréaces wlick coBistintouditest é‘l"é%‘tt r"dﬂ’ellqu‘d crystal.

The sirfaGéd Gth¥det i@ akd, GHibidoCE A %Ie%enﬁ&és&ﬁﬁ?nfiubb@ty &F buﬂfédQH 'oge direction
tal al |%nmnt ayers are thin f

wit oS08 e LRI eGPl R Doy B it sl molecues
come &ppldoathct evitthagh ﬁldﬁrfzitﬁﬁﬂleV\molHaul@lefbﬂ&h@al@l [i€Gh the plane of the

substrq&e nggargr ingt h r]Jin tgu%ilgec St ahﬁh-g]e lgi%% eil a?zF S‘fﬁ?;e%]lgg?d This process
is the lsarhé ok alh Ezﬂnelemenecrbgamlem iffvoacaitid Fing \lddtradesy inéRited( électrodes,
modal IEH U8 0O Mol IR BLd Jeg W1En 11 quid cryst al

€S tone | 0 conta “Such a surface t he

[OOSS]@'G%%&Idﬁﬁerﬁg ?j} &1&% ﬁ%rl h \Llhlgh lnﬁnglgk (@L@Q 1 s Va%d tﬁree substrates

substrate and are a |gned in t
must be el grdpr @eovErpme theaet i!ilbb@;inatwmqglqoqrrmsiels grg polerfpation sensitive

(i.e. llgﬁﬁ%? dff?é'rexﬁldolgi%aﬁérﬁ @Bér%nr:@g ggén@§§fralcfwé: AREROLE lt}ﬁeyrtl'aggl through
| ectrodes, pixelated electro
the matenal) Subsequent to preparing the alignment Iayers, the three substrates are then stacked

to allow the formation of two liquid cells (a cell being both a layer of liquid crystal and the two

substrate surfaces between which it is confined). For the sake of clarity, the layers of liquid
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nodal |ens electrodes, or surface relief structures
are used. [0058] In enbodi nents of the invention in
wokioclosresmatic iquid crystal is used, three SPUFUSZENEB00549

nmust be used in order to overcone the fact that

nematic liquid crystals are polarization sensitive

(i.e. light of different polarizations experience

different refractive indices as they travel through

the material). Subsequent to preparing the alignnment

| ayers, the three substrates are then stacked to all ow

the formation of two liquid cells (a cell being both a
crystal agarot ghown dythe dpyiangsl Vohaubptigiess witgtnagiemed gtectiedes 200 are
placedtlﬁlt ABENSiAS Ghe bdbsirste €9MhinEdhe 31595 chithudBK8e@fode 210, such that the

clarity, the layers of |iquidcrystal are not shown in
substratp sugfpceni Wi patftracd wscgotast faaq frsHatsatur@eprespith the continuous

electrd®eECTHRIgR ARG RhBch @icﬁlq 1910 é'éllE R&Eh pbsles Qfrefelice electrode and a
substrate containing the srng e continuous el ectrode
patterpdceleciigdn { Hst Swbrieate Bt siaRked dn el @A pathia@ngiyen cell, the

directiBh<£6f 1H1aS ey AGE alidtneti Qducad SySthE f Relighntdht IARrs are anti-parallel
conti nuous el ectrode. Thus, the inner surfaces of the

(directiqps difEqr|by 1@8@&%8@5% dareﬁfeqnéwé ahgnnaing of prsdes! g Oahogonal to those
of the B&LLELLE dTlﬁL Qﬂ:tt [38‘;@31 ahll %rtﬁb@)%ﬁf ;ﬁ';a%?erﬂérﬁ of Hﬁ:q}i%gmbﬁ layers enables

such a way that within a given cel the directions of
operatigngeff g EA slemens WighRemet Hawdedy syl ithenralgyizsd gphientlight.  An

assembIBY $IAS clRf@nPaichraidy &) 1hl erhBidi@6dti o¥NBe svieh@dn B3h B8%Eh in FIG 6a.
that the directions of alignnent of one cell are

FIG. 6&%@[%8@6?1 gxploded: vigw of 51G+ ¢roaleng g @xisegd1A- T polarization sensitivity of

nematantqmdrays@érls el m@d’ﬂ»@n&Hnt Bf)ﬂpﬂh@|afcﬂétﬁ@ﬁﬂ>ﬁ%56nﬂgﬁratnbﬁs of the EA element
er S eration

n el erme
and th; lrS% OEE‘WB’( pet qaoa @rl@? tlgyers ps E‘fﬁb’é?‘LF rz?algéénﬁlreg‘ﬁ?ts regardless if
concentiif Fihg clBbtr&ks. qm()ellﬁéd EActed REBNGdah 6 6 Rt tigHek Qortshiifice relief structures
odi rent of the invention can be seen in FIG 6a.
G 6d shows an expl oded view of FIG. 6a al ong the
[0059%'(%19@1& emgix? rn: gtl cztr {I Zg}éxlbeglﬁa% Q:Slllsfgl }y(}l zali S G 1nserc1:31t1ve cholesteric
liquid af}@raEWeuiw admneohte drf negd fait 4 msnd)fay@hﬁ" lElmchlsfmahanda ifckuch were the
case, otngetv%sgx & atgs\,\%fr W&%%FQ&Q& lel\éct%degg.rgr?aleoqye?r\%tﬂ 2 continuous reference
r urre 7 ements tegardl ess 1t concentrrc
(groungd) nlgcteddecwgldé@ nepdlode| @ncé@t@icelmurdodestalswmfdalclalsen%materials similar

to nelrgéiggig][\ﬁq:@?stalgﬁ ﬁ'}é{ tl'é?r S&oh&t théit n%lgcﬂfets YE Bt fent! ﬁﬁg sméle direction,

are us

[ 00¢ anot I ment the invention
but digr in gut & P@tfﬁrftﬁﬁ‘ ﬁlﬁ@éﬁsqul qrentaﬁerll dwisty pleng jaq@ivgn axis within the

materxﬁ:lr Yt ale R Igtcﬁl {d@tﬁét& %l&@saﬂ? edisf Qfer Avtae PR l'&@éfﬁ:'a &fection of
iquid crystal and, if such were the case, F

orientasign §9talgs BE 36QMds o 1 dar 06raidess diape the drzré@leaata 0§rlrehth ten the light

may sé¥ 4 Rf8ciHRNhIUAMS s hel B BAGRnGH: SF RS holgHSRIH 0N, witPil BA element
be needed. Cholesteric¢ liquid crystals are a class of

with nemet lighid eHpl alisugendayers @rq pliesd or rthe pulsiratensufaggs containing

e:lectrotdbdi‘I HoGens! ittlbl 2Bt1oAR ety 8 RMgd eheOfubSiMted Such thAtNEL Blignment
|rect|on but differ in that the referred direction

layers gre ayyfiypaliel | Sdditignalis bepayise thergjs 955 eellyjap pripogepg! relationship

betwedE&ALsI &l notl hiedeh@nt W Sos@bleChid & flebied ahbOmsSA 6f @ $nvention,
over whi ch the referred direction, of

polarization msensmve cholesteric liquid crystals are used in conjunction with the alternate EA

element shown in FIGS. 6e — 6h which utilize surface relief diffractive lenses. This embodiment

is preferred as it requires only two substrates (one substrate 400 and one substrate 210), a single

layer of electro-active material, and two electrical contact points, greatly simplifying the
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orientation rotates by 3607?) is on the order of, or
| ess than, the wavel ength of light, then the |ight nmay
wae@7assdracti ve index that is nearly i ndepenPE€nuSmh7/000549
its polarization. As with an EA elenent with nematic
liquid crystal, alignnent |ayers are placed on the
substrate surfaces containing el ectrodes. However, it
is no |l onger necessary to align the substrates such
that the alignment |ayers are anti-parallel.
Addi tionally, because there is only one cell, an
. orthogonal relationship between cells is not necessary
fabricgfjon, Sg ShepFe. element. nThlarpeds dhihsdsanmshforotll e elements regardless if
concehtfié@ligl sldiroBsY, pikRAHI MR rbMSEMSAAI MR LRALAS! 6 diefakd RBELstructures
crystals are used in conjunction with the alternate EA
areus‘F"ement shown in FIGS. 6e-6h which utilize surface

ief diffractive |enses. is enpodi ment j.s
rooso) Fhs rsrily nigeie of Son AR S gmblret Cliul Tpldde lpahan 200 m (and
be comphableatbethd Qlickaitds 6f eheStnbrgiatiah @nsdi))so 3 181 B@IR thaYekness of the
cti%g mat er.i ctrical conta

.. 0 | ectrq- al d, two el t
snisngl B S aa ey 16 RREPPS et el » GaRR GG HENEALA clement
with teloggnt laykld sf peroatiesliquid ciybal, sherehidlatessek lof B @ligdieidtisl substrates

I f caneentr,i i n ctrodes I xel. at ed .
o SERERETRo Ly ASNEIL 451 S0 SUFES A0Sl SELEL Edbodiment o
the ingdntioo tther esalabieknsedf tHe0DAGlenddne nayebeabd0 ?ini @kiBasts alibw for easier
. the fully assenbl ed .EA el enent shoul d he | ess than 200
fubricl iy 4 a BB AP B pE s BEREA DRy o glomail with o,
layersiafitnegatd ligwidicnysel,tthe thickassséoff thel @ daditidealt sabekanashowfl be less than

iR S pect agl.e len Far . exa e,..when
196 “&ﬁ %il% Lgl?%o%r?fa i_g:ﬁ;lgi "ﬁ%c,‘)éné?l (RO ngtﬁfih%%lﬁé elements of
various\focal Seugthd ¢optird aifl provey)ialsd hejps b Curjiet atreantlive the manufacturing
oo SHTETAE s LIt NI ENGh LA A

SKUsgpnew pirast smoagteé trbweitere SKUofunitive forrpacintorobindtive dfoptdal add power
i e 2 e .
and 16, BRAUCRC Hor ontt R B EIRU miler 15 Ot L1 G308 ehdh optial aad
powerpgluedimldativsais @pposed tomuitinieative calowlatign. el enent wi t h
two, 5 nmlayers of nematic |liquid cr%stal, t he,
[0061} Fhepsserabled Fo¥ clementds iphgpd pidha comdemal thadrigeratiriingerh 10 such that

the eldc@$cal tHaRct R tEIBA 3n Xhel HdsiATestallorXwith TR Torr2Boklifle eldbfical leads
ercatlon,ofg{ﬂ§|V|dual EA el enent s of_ various %ocal

f . varl :
120 of Eigrirer4igprint G olr?d) 2atraesshamhisdh sdaqilitetedey the alignment
edges ST exlamhei Rferthe smxlalfeai@?w&ﬂdﬂg; ARQERES cdFbrioca thentkdiBtion insert.
EA el enent separ at romthe {ntegration insert
Blectrgl fRoRR (RS ROTRSario6 1o SR OB EE SHbIYS MEE P8 bhgPRisohy pomumber of
methody éahelisg BKIY mourtered§ ©) ceadletiagrbBhesicsOmeedl voRip-E@Alding and wire
.add_power .an l,ocati.on;, there only needs.to.be a
bortif a0 AP i HRRLGPP od MECT UGB R T Eafner of ways.
An exguiple pdwe psseamblied, EApleaddi witly patiesnedip pesedtricaing electrodes incorporated

into arg’“é%%aﬁc#dn::@géﬁ/ %nglglﬁvﬁ Lﬂ‘l eftlb.oga. %ﬁgm?cg%x%nplhgf iglﬁ:’] %sgsg%{é@lg Cl)ilr?é element with

at the cen
patternedspixelated @lestredestiicarparhted éite et iitegrhtigoimsert {s shovntis FR308b. This

procesg Iqsé E:dt']kre is%ng Sflfof:e gggﬁAaéljexg;QntW rgg!fb.rc.tllgs% FOLdnEERAl q’ln%gelectrodes, pixelated
electrodes, modal lens electrodes, or surface relief structures are used.

[0062] In one embodiment of the invention with three substrates, the reference substrate 210 is

placed at the center of the insert and electrical contact is made between the reference substrate
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120 on the integration insert 110 (FIG 7a-7b), a
process which is facilitated by the alignnment edges
waza7ms19she ref erence substrate 210 and t he al PgmS2E07/000549

edges 170 on the integration insert. Electrica
connections between the EA el enent and the insert can
be made by a nunber of nethods including (but not
limted to) conducting adhesives, netal bunp-bondi ng
and wi re bonding. Incorporating the EA elenent into
the insert can be acconplished in a nunber of ways. An
exanpl e of an assenbled EA el enent with patterned,

and the gnedtsgnal cleAtical Eedr oEs: RcYPPEY AL BH™ IPARTGNEh Slcctroass <UL are

attache!dniﬁ gx{eﬁﬂé ‘Bf‘ aﬁ %aﬁly't?aﬁﬁh@é‘iﬁ allfestveGucPBas N@'A@(@ﬂ'&laﬁd @roducts) to
an assenb el enent” with patterned, |xe%ate

either gfleetho a%féfen??oﬂkbﬁf&‘%?b%s‘}chtﬂé?tgl’? Sl6igg ST (oS Bieh oter. Before

the suchHQeé@arE RethdhE, lﬁ#ld J@kﬁl NMeAfeHSayeds 48 pSlajdRint @ie @llb afeAriented as
el enent s reg ar ess if concentric ri ng el

explaingd,anit. o ne Pl FOULSIT BT PRURLTEE: Poges "B Baid erysal and

conneciél], WBC®nERL p&thtsIBO UGlHE SignAleRectit@DleadsSIOBE ids8rto I‘Iﬂns process is the
enbodi ment of the invention wth thr e sugstra q dal 1
same fP‘é‘Fleféﬁlf‘éneé’%§$fr‘fé]Fés 15 $pNOERITISring EH’CH? SHEXERE & C‘é‘f e? H’éo ens
electrddBs f furfied e £Ghich&ad ar6@¥dact is nmade between the
reference substrateand the ground signal electrica
[0063] IReghotheE mebdifhesud{ﬁﬁhe aheation tith phitet antrertes] ady ooaes theuwo cells

are attac ans. of A0 opt| a t .
compgieh 505e RRERLEI Pl Pag Bl i ANEARA Ao 200) i
assembled ganéxplhiged @abeved nmel a::mmaum @nﬁ&c@edsmhhet freertt h¥ubsequently, the
seconcg ﬂﬁ)c{r%tgs gg'lsryalgtfsag tegeé: ?}89% Sl?&{tgc{ n& Qt?ached to the opposite
side of thy eeferencesubgtpite eod alnctrlbsti @ommctlcsnwe madp. eht @@B %Isbodlment the cells

could g [ wﬁg 11%98 stJ I;? tl}%? a%eszasg%lﬁd f) ﬁx Qe been assembled. This

ar “or d |qU| crystal and
process OB rtbe tsanhe o7 allcEsAt dememurngegd@@olf eapCerHEC gingnelectrodes, pixelated
electro% g %({dlaf“l%!n %lg ef’ 1y Lheck RSRE Etrucﬂ}béarﬁ’ negess is the

enent s regard ess If concentric ri ng

[0064]61 egﬁd't}%qe%ss Bletatat edusdifeht U@, int@Edh W Shree substrates, the EA
ect rodes, or surface relief structurgs are._used.

clemepipaediess ofritst FROYISHIREERH eompltely Hes fiido Hpegippfpted within the

ﬂex1bfe hﬁt@@ra@&bﬁ%é@ﬁﬁﬁwa:&rﬂ%eﬁd]ﬁg 6f othd¥@ideviBmp&hiily physically deforming the
n€r|5|ﬁgﬁt e reference substrate 210 and one

“Bmt§5ﬁ§ lemepbi bR wiun thePERigEs 200) i s assenbl ed

o0 LGRS SRRy B4 PAGEL o 2L R TR 4 Braion

insensftiiet éoleattriel lepid cdeml, 200y |t9/omud)§t&rtd:war©r neemit@d (@n dwith a reference

a ta hed i & :

electrode e gln Q? teﬁgcé% connélg%i f% %gl bgrggl%r?ggﬁ @Orf(ﬁattl?ﬂ of the two

substrataiitl Iefmmnt ushgree*@ senmdidiet s e EAl lenpenii mAy b dully assembled before

hand, %&%ﬁ;@z} rggs h.%_lgfelétrﬁﬁleco%ﬁé&gpé §)C¥h9[ns§1ft ﬁsetﬁe Q Pr}eljaé%ﬁ'xgkb@@&ssing step.

hi's process Is the sane for a
This rebemeisttbe segafel B5EA; dlenent quﬁlidi%s if ¢Rgewltee ring (lestrodes, pixclated
electrcpde§ eLahe g:n? Ll@&}&é&g &% sl lidf SR r@e SHE edes, or

surface relief structures are used. [0064] In another,

[0066] ?ﬁé ufr &f rﬁﬁlﬁﬁﬂ &@@ﬂéﬁ?ﬁith@fass‘éﬁﬁly SBO tit@Ratir 1|ﬂsetrh\5vﬂErequ1re the
substrates,
use of an encapsulating adheswe or resin to both physically stabilize the fully assembled insert

(which includes the EA element) and to form at least one of the finished surfaces of the final lens.
It should be pointed out that the use of the term finished lens blank denotes an optic that is
17 ‘
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el ement, regardless of its configuration, is
conpl etely assenbl ed and i ncorporated within the
wo b@giokl9s9 i nt egration insert by nmeans of bendi PQI/082007/000549

ot herwi se tenporarily physically deform ng the insert

such that the EA elenent will fit within the opening.

[0065] In enbodi nents of the invention utilizing an EA

el enent incorporating a polarization insensitive.

chol esteric liquid crystal, only two substrates are

required, one with a reference el ectrode and one with
an enbodi nen

nmdhRh b bOEL; R 65 Pa?s?aﬁgef' La ogﬂ%g POWg§Te @g@r@r@pﬁl}ﬁd lgns blank is finished on

I ncorporation O
one g;pc@aqqdylagkmldeﬁn@dopmzat bewEA @neﬁﬁﬁﬁslﬁﬂylelﬁebm IcMuld be either semi

th | ect
finished EFPA\%%HE&%% fﬂ% n S e r grt%n} ‘ﬁ m?@ﬁedf < her %;ﬁ}%g semi-finished lens

connections to the
bla“bloééé'@@hﬁ@ legs glank. Tﬁlmllmrthem Hleﬁaktd&ﬁot%s?lﬂ‘ﬁt £ 1815l arfide has not been
el ectr odes,

e l {mml cl. eo & !
dgeRl R IR HRPSRRL br BNS Ml Cod it S oct " ¢

pi xel ated el ectro

[0063’}I Itf s%@@ldrt% ﬁ;ﬁ:‘lexsﬁcﬁﬁlt%& %(lf ﬁaa?gh% i st d 1%1? 08 %bg%@;ﬁigﬁug]gﬁ way as to

B e conp onents I n
corrqcﬁ g(é' e qupntpqg»&h@ptgza{ ¢feorg 96 s;dferqamdsry&mﬁ&uirahlaﬂ @nventive approach, to

corre?i:dliT@'S}h RerQrddrObkRati $hsP | | stabil.i.ze the
fr: % 1gSsr eébl ed i %sefs t Oﬁ{}: ﬁgﬁé{f%gl gensef’ ﬁ‘g’ “éAcoéTe@hé%()onvemmnal
re ag‘h‘éf 5018 R sphere) angls gy lﬁ'ﬁiér &f welknovni Bhid sur fBcesmr@dt higher order

abenb’tiensf d)ﬁ’l:al: hl@As eyd, th$ B?ti@aﬁp&?erw ! R QU bb r}gttn?cage% ta }fwe localized

ens ank enotes an o

0 tlcg{ germf g P
P I (5835 TBH R sorared forthe hlaéerwr@@fabn@@ncxmmrl abedrations specified in
termspoﬁ\ﬂype ,ﬁoﬁfal’nanﬂ ipasisiaed Ibezﬁ§stma§t{§k tHeSh lg\)rr:}' (§1Ja§1d «Qra?ﬁn d;orrectlon is

ks a defined optical
dete é’ge? an%% g&u‘ivad’e O'Euapﬁléﬁls Sk e ﬂfen@fs?hedmrermﬁeld finished electro-

activpeipediarie debes.f i Tihes gher Tditert BBHWBH eJorﬁ@tﬂ)rﬂ%gﬂ ® E&%mphshed by
|l ens blank or a fini | e

fi h
prodidg o BatBER R Qs‘t% B TS SRS Qo s ek cos eimporied by way of
machgying ot exposs], mtmﬂ&&!ﬂfaed@adhlag ths RaRAE b Ola %QQS Bbt%%xesl It is to be

derS t acl frame. [0067] 1t shoul
L T G
Altenpaélfyp][yc éch@zqdnchgtm aanV\m/ irAgarted H;»Oﬁvﬁﬁc‘df dcuﬁhgte{"'ﬁnn resin layer that is

f yl
contafn@fl V@Md Qﬁ@ienp Blue @uchearsrtg E:%usg &ocﬁﬁ ?{Helfi%{] qﬁ?xg&ﬁlég tl@ef: Jggs: blank. The

in an i nventive appr oach
localiggiGhanggssam alstihe lmaquoa!nqnmddmfg the alseso-whtiveNa ke Ftdi #ellens blank by

mlparflﬂg HEOREANE QAR & &f " LIRL S f sphere and
1 . [i nder is well ge ng’mﬁ‘g’t b/ Sﬁglg tg% ce- dD Ft}r&{esxﬁl l@}z]eérbetween said
ens ea}n aQS%lfnfdath G%trefacvmlahml%yEQrdbh ebmtlbﬁ abl’l‘mmrcan also be

accompllistiddenkiems uvd bila ﬂiﬁllit@cp&itféaa% %F?\Lrpmrﬁ\f}e ?L ocal i zed

opti cal power changes that w correct for the hi gher
[OOGSbW/erap@b@bh@t fod nrp@beigd atel SRECIHEL
elemeltxtygs% alggi pEsi tion, | ﬁﬁ%{ast caréergqlb%ﬁlﬁ e bulk refractive
er er r ain 378204 5FCS d03rdPer fm dest bypmagh wtﬁhms a plastic,

finishegglgps blamlnBO(bwahyaSﬂla& redioh Beo aye 1R cdrfg (Wﬁ@%r tﬁﬁvhac%' e assembled
e |

inse S a i ! Lgcie. !
rt 1] i(pi 5191%81 ?eld% i 94§ %tllc\r/aggf F v @’Sﬁlgﬁ él:e I,g’_g gghfp The ﬁl@ﬂrquan 310 near the

order a rratlonc
center pyilh helpiregirittapn bossibde behﬂngeﬁf thdlEQ Qldni‘e’-’h't IWWLC}prfna§ Bsthrt the liquid

| art b of
crystall 18)\% amdqg% t%nlgd&cgg p%?fo elq'us Xub -assembly is then inverted and placed
into a mold 330 that defines the other finished surface of the lens. The mold 330 is then filled
with a UV or heat sensitive resin 320 and cured (FIG. 9¢). After the resin 320 is cured, the lens is
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machi ni ng an exposed, external surface to which the

el ectro-active layer is not affixed. It is to be
wareenstsod t hat machi ni ng can include the proR€EESINT/000549

surfacing and polishing the lens. Alternatively,

| ocal i zed changes can be inparted by way of curing a

thin resin layer that is contained within said I ens

bl ank such as to cause |ocalized i ndex changes in the

| ens bl ank. The | ocalized changes can al so be inparted

when adding the el ectro-active layer to the | ens blank

i apart i ng, .t cal i zed changes by way of curing
.remtgﬁeéf fg(gljrp %FC -glé] %ﬁ i(h’& 1R apd Isagasty Theanyerelditmia HproediSing required to fit it
intopy awilabin speameoldnidnd fame! eeddhRLasd | ayer.. Hi gher, ) .
Surfgc{reg%re lﬁr\%%% ration cor gect ion ¢ aﬁg g‘f%& béurgaccg oCr?g?J?gs Hfqoptical quality
W th the gda hsar lgis 94ld pe goteg that whdle dromatstial fFfBwhe the finished

] ' ' |
ens[ a8} 00Tevseapfinished eshs 14n1d Wf'sgﬁé}ﬁtdcpg?é gni 104 be the same material

used AHGROLRELON I nsert, 110 with the bu
. el errerlll?ﬁa%%%?sgfr; erS:{%) SitHo matgialsodhould havel sWHis@atially the same refractive
indey0p-|1 Ce. The first approach utilizes a plastic,

finished lens blank 300 with a flat region 310 near

[006p &he: lems dlank rR@loyed)intthe whive hndthed A95 SRRLGE: KSR 110 . .
e e o~ . : I' ) i ither iﬁ—% C-f\)r semi-finished.
Inco%)‘g)duﬁg'tﬁ@hﬁg't Wilha ?Pmsgg%lbﬁggp%f) %@%g%mgaegq? ffreet:p post-lamination

.. The flat region
meccl}:iggza ig&lpdligyoﬁb@ @t- yg>|fhdeoﬁ|b'_eaid @suggzceé bhhle»e@egl ﬁm@,ﬁdéc}g%S fhe patient’s
presctiptiém amPiarHé .1 he uid.crystal layer and |ead to
%) r.ﬁolluced perf%r&%rrﬁr%ée'. 3%02" %rﬁggcéisjg%ﬁ? Y gerofrfipished blanks 340 (FIG

! J&‘Hl@qa .a?ﬁﬂ-lgp@éw metimnaahplisdid@Polihads A& bikeSock MG+ require any
knowdddge bf teHafbmek %—%Cfr%@gnp the | %HS% The ol d 330 i's o

lensed REN fbl lled with a or RS ATOUd ke it Rrafered japproach asngmi-finished

ASey P be eple dizsetly tonmhelesaltaboesirivs 330 ih FoRidr B wohi¥not interrupt the

establishiad b S10€ FBYERGnf 8L N 0 ‘gtJG 9 and is
ready for any addi t ong)lnrﬂgpglééglsnla% a?tgﬁﬁﬁit‘%%?f‘ef’b fit it
es f

[0070] dis@n altsmbtivitbehsSREGAAGH SrdiAS 1 ... Techni r o

volun{?h& C'l'lg,e%rrfea}c?l C?’St in % of op}ﬁa{:g{e Hgtg%fi}l?%mgfﬁ f(ﬂ g(l:’é’éy gf' gast within a

5 lmr;t?ém 1°n T A& PTmY he disiancyy viseomigte d Tedbaiquak ifdrecabthy whole lenses

rom rasiis afer also Wioverhint Ae aftl AiLg RE; k 300. or .

first mting fl: 'a}rﬁsh?gq lﬁgsl. bl ank 340 ?%‘“%Z"E%P?ﬁ Be#’éﬁa‘hﬁﬁz 2gfgtmplished by

i FICBb%@ t e 1:]hii:ams\ mat &r PartsEeddo e gl mewftageinganoldigayler 400 as shown

n 2. tHe nigio rimgt 400 &l thers houh®d ¥R SRS 3N A h

define$ BAE of @i AGLLYE %Padgsx' h{%gbﬁfg]l [thl?lo_ens bt]%anbn edn%?%ygla)se ?urface
in the above nmethod iy i'BHet 16 APBhed ewond mold 430 is then

mount%%m ﬂp; gliggilheldg 400c lpgnixaﬂémgasmibﬁ Jub® %féettfé(\'icwiﬁ)ﬁ is formed, with the

int ibRifsBR] | I mpates t nee or any i

f“eiri%l st - |_ani n;ﬁﬂéﬁé%e%ﬁgﬁ?ncﬁr hyr r“l‘@& AGF3568 (BIG1- Agclof The cavity is then

e § LaRbls fevmd Khartst urede qifaralse desiawl10 4geured tHehoids 420 and 430 and

rigid ripg#0® Bite SmBLESHId Bl | nd_frane shape (i.e. a custom

w0 fit 42T Qduct S The ﬁgdeﬂ%%’ &gléﬁigg?‘}sﬁ? 5784 ?‘Eﬂp Apiiedddiopal mpe@sgey required
T ipie2 suaigble Fge%a%gaps Framie (BXG. A0 direTh ddiale the manufacturing process

ot require_any ’

the rigig miqvalting HROMHD iRk B LGP LR :
materia?ﬁu%}qﬁthece{?te ?‘f the pgt ient’ gtbf)?lga?é% rflquoﬁ? PO APCXPRR L et cgiop anoldable
440 e prefer 580555& d¥ctithdedaminafiommstted, 4 Ri0sRE s6@LkFished blank
(FBelOspkah bt netihsteddothahesA atpries and in e
B lensd,gg'l)n[ge SOH vvaul . CL not i nter r.upltﬁdt egr[k thher a f?mgued or semi-finished
protduced with this method; with the production of a semi-finished lens preferred

for the aforementioned reasons.
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established fl ow of goods and information fromlens
manuf acturer to patient. [0070J As an alternative to
wo b@7losaysnat i on nmet hod, the integration insertPd/0S208y000549

be cast within a volune of cured resin that forns the

di stance vision lens. Techniques for casting whol e

l enses fromliquid resins are also known in the art.

The casting of an EA | ens can be acconplished by first
nmounting the arnms 190 of the insert 110 to a rigid
nmounting ring/ nold gasket 400 as shown in FIG 10a.

T igid ri 400 is then nounted (tenporarily) to a
100783 bashgl <15 S5 preerciet 1St e PURTERES PT HIdohda cssembled EA
compuitidnd aesbodt irnldegenEéntl B BEd ﬁkﬁiti@@kﬂ&@é(ﬁ%@l@gm Rl Az3Rnt's distance
s then nmounted to the rigid ring 400 1n a simlar
andpn SHEBIRYS UAHOT AZTCAOBaVYblfe P PatightifeBreseRiRtipn tim gequired to manufacture

finished kgset(by bithed $@fihatlckOorSdastR) @%d(o%foﬂﬁes@nﬁﬁb@rytd@qhé%kg't allows it to
vity is then filléd wth a

: surfaces (FIG 10c). e c A . .
be orfiied f ésurhegivﬁa?'fgﬁt) Q’ﬁ;r}%cﬁr Rred A a8y assatiadly| deceprable docation that is

independent bhehenpdiitat’dl 26tigundicAals. andamitaitahidd Rn#RQsi2iClenses (by either
lami;)%mvc%dcas%j &2@ 568%&‘% lens isr eadty faor any . .
A T'oRa %3 2% A gme} EEVEB et fpgeiyipg gs the distance/astigmatic
corrz)mbp éﬁ)ﬂl@eé péet the leansliemandbeiiRd( mh@laclm?qoorrgﬁtipxa between the near and
9 a the ma actur.in rocess, .the rigid .
dist m@cﬁ k{slﬁo%lgéoﬁeﬁg?nﬁo ngluélg Srgtépoll%osgmnafeo%ﬂ)&emfelg@ﬁxpgﬁnsen allows well-
estaﬁlﬁbe@jaéqmsi manufiatyriagt ammh pmlesialmy eechRblOgikdlto ﬁdég btiliﬂ%at\ivitﬁ donly minor
dls ~Lhe la atl on thoq, .a nol Qqea . _ .
otsem %P%??Eegc%@rﬁak Oélf(g t%eFFé %@aotl‘&%?'n © 4011Et @5 gemi-finished
blanigt by eithenj of Ik prewiodslp Inzemkionds tiethoda aflows sleade@f a technique known as
free-88Mind foNieshgrd roduced. W t.hi ..
et hno% ;Orgve\:/i th ttﬁgﬁ%&g%juc %/gggot?‘e gergleﬁlm- ﬁ%dtntfq%’?"}‘e dl§ fegigming is a form
of comppter regnerigal eqntrodf GNEMentaklineg nemls onrip@0ZA] phlish the patient’s
B8k listo Of suk-F38S B 0, i LS PR AR el
pres of 1 é ?ul T ¥ assenbl‘seeg_ﬁg{&?%gﬁg%ﬁebé?&@%d SoF IPRAGVS n {he art. Eree
formmgd)@l% g’ﬁdaé{ﬁ?m@e t_bﬁd’\’hll?steﬁ@trﬁmpeﬂx uﬁeémtyg?r@cm sefrest Hr distance vision
correbliéh, Aatde@Bin’ SmBUdhAMS SraRd/ QreAS VAR § MLhSL be used do generate

tion. While a patient's prescription is require

corre A ]
S“ffa{"iffrﬁra firgeedira of highetrsden abagetionsby ei t her | ani nati on
S rmetr¥ of the insert

r st ng) the rofational
[00.7% Wga%t“ﬁsg g0 B‘éet%?‘ifse?ffeédnw beoht st eyen fsturigelA Gppacle Lonses
their phcaesdiependann aiesdtiiey it€ tatch tRERBREMRY BdicOCH A10Re bRkl hSterials and
comr) ngln geq}d@n% ; thef?_é%ll ent’' s astigmatic axis. )
AUt acour 'ng G&Pirqtiye Jrdices B se5 2l sguadi(wibin a margin of error of ?
0.02)|themi thabdges of theQAtsftafifn irstiEan® € AGMInE: Ghay R)isibR 28Y 8% product will
ce/astigmatic correction

re iLvi ng.as the dista | : ..
not bl BB b Mb O B Rl et P albekpont gt tgf can exhibit a
wide camge of adfraotivdtine ealu¢shmrdneatorapalibth 6/4tA e ¥t Pr&Rssing technologies.
One BQELEGT n e.rotati.onal s try of the . .
ne ?nttetgoﬁla%]?‘g%ve?’ng e&rl%} %Flugﬁ/sc’fv\ceolniveerg%ég%ﬁ‘le Pl%‘f\i‘élﬂ{“l’%ﬁ@’y (and its associated
organifg selverteluté rigfiamcthpr prttessingAt ekhniedagir@Re tifodgnic materials better

L I T ———
glass ardapphirg wherd glssawksldby reéfettet oof stpphimpdey koths lhjgh cost of sapphire.
Still, ggﬂtpirtﬂi%? daBhA QS VB 1L LS8, Hee S‘rotceesgitl]mgio%l’ghee 5129&"&1%, organic
materials such as films formed from acrylates may be used to make EA elements. Glass
manufacturers for the optics industry such as Schott, Hoya, and Ohara supply glasses with

refractive indices that range from slightly below 1.50 to slightly above 2.00, values which
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free-formng to generate the finished lens fromthe
sem -finished blank. Free-formng is a form of

w@opas®s9 nuneri cal control (CNC) machi ni ng uskPAI/US2007/000549
grind and polish the patient's prescription into a
surface of the sem -finished | ens blank and is well
known in the art. Free form ng has the advantage that
while it is coomonly used to generate surfaces for
di stance vision correction, in certain enbodi nents of
the current invention it can also be used to generate

surfaces for the correction of higher-order
overlp el (it ihe nF%‘Pﬁ]thW}m@lm]h dnéustryio Rebattoasndibésest \mamys monomers

(reshN&id fa&yfn@{s (ESPAQH&?QEH rdoDgH %Mﬁ%ﬁ? al?%%%?sdlb Ig {cmeé)tly achieve

SUCCeSS }E) on t he abi | ere
valyes a5 Righ agfthege |°ftﬂPﬁ3°Rﬂ§@1 &lasse&memaél“@r gert d‘eﬁ’mme rgtites for commercial

Optlb?ﬂ\féHUYSeédld ﬂiistﬁ:@%ero%ftﬁés{dley @f i Qsjgcgzg a(fﬁl ICL lar % uazgfly driven by

é hin a margin_of error
the Pllgh?lml‘ég‘?dé‘F%n Gipethe lﬁﬁ%ﬂ EAgE lo& Wmammyreﬁecmesmbéﬁvalues for the

varigidnitegalp ﬂﬁ:diﬂ@éx MWhtchinB QL quem@ ﬁPa?,gé?rP kSpdb St Fg i Icﬁa‘ﬁ Ienges. " There
ortunate there are many Op | }t)erla
are %‘ﬁ?‘fﬁ% pPrg eﬁedera?%ﬁ%gf@r e refipstive index.i Mawy vmioaeglaaﬂmals tend to have

refradtiee ﬁﬂlﬁﬂé@hbdﬂt@ 1)50tahd 6H éfcm@AliRER GPﬁr%Hﬁ\g:nhgx? RROLRGLIER index of the

lndcg imtati on however, is that the use
e Wé’ﬁ?ﬁ%‘?@ts BHeRteIsd A dgREs mEaT WSS tI:fpaé%@eﬁnm iagensitive cholesteric

liquidr ggstale agolisednisb)cht avelef ichbctiRenBat bEK QXIErAtely 1. 36 then in another
nic materials better candi

ectro mak or

emchgPesuggﬁrF Apye nﬁg{\ 2*}% %agctlv&)n%acyo fope él%gﬁﬂng CeRIPguents is matched to a
valus wedratbl 1656. nipr zgﬂfﬂf@'t ﬂfalte&ﬁde&hé nhﬂﬁéﬂkﬁqn@llvﬂﬁél @fbonents that need to be
inde |16, a ul referred over sapphire

g ’tlﬁlece bo‘g‘l{m%% 5@ tﬁﬁ ml thfstanWf the f‘ﬁ’Stﬁ’t@sp'@Ied to construct
the E«?reéelmmj sl @;‘tdpln%rbby S:ﬁheteﬂﬁnislﬁé%ﬂllehﬂ blalR o@raos%ﬁ}l‘isaned lens blank

r anic materials s as filns

whedl 03 aem PRt B05 BOURRSHETEL R G Rhkcomxb) ehembediment, the
consmlets)@ pfathe fvotplate igedrationt heero ptill dBcludd thet fidisiddCdt Ri-finished lens
blanochott, Hoya, and Onara supply glasses with refractive

I ndices that range fromslightly bel ow 1. 50 to

[0078] Tlﬁhﬁi)d’vea@rﬁﬁﬁ‘esz %héﬁai‘df;}gad’&ﬁ&&}%ﬁegzx@ e acleI l\émlasteg élt%at correct for

needs of the ophthal mc industry

prestyPPig Ay Be Sseroha dispid Qy¥ali haged éymnmle}mpsac(m kst Iembédded within a

convadt®Ral PeefacR MWhsl rak Wd&fdléfﬂééeﬁ?lgftfhcgggctfb?xt %feetpl 1¥1vent10n is

; ieve values as high as those o

arge%?afg SoTectpgpreshyorjag %&emeﬁher% Bresenes oydd dsesmr:cb to construct spectacle

lenses dranesredcefor Ofiet Rlonle@®k) Such R hhaSHES bR SR of |
order of 1.60 to 1.70 - values which are prinari y
driven by the ophthalmc industry. G ven the broad
range of overlap in refractive index values for the
various materials the index matching requirenent
appears to present no mmjor chall enges. There are
however, preferred ranges for the refractive index.
Many optical materials tend to have refractive indices
near to 1.50 and in one enbodi nent of the invention;
the refractive index of the individual conponents is
matched to a value near to 1.50. If polarization
i nsensitive chol esteric
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Whf 3 jpRgd:
1.

liquid crystals are used, which have a refractive
i ndex of approximately 1.66, then in another
weptwodsyent of the invention the refractive i nPerRUSL007/000549
the individual conponents is matched to a val ue near
to 1.66. In an effort to reduce the nunber of
i ndi vi dual conponents that need to be i ndex matched,
in certain enbodi nents of the invention, one of the
substrates used to construct the EA el ement may be
repl aced by either a finished |Iens blank or a
sem -finished | ens bl ank when the [ am nation nethod of
| ens construction is used.cbammsch an enbodi nent, the
trugti on of the conplete integration insert wll
the finished or sem -finished | ens bl ank.
[ 80 éBtird-heivazpagadlichs, rempdsingt hod f or manuf act uri ng
t [ t for presbyopia by the
R Ao A6R0bR G BT baEt ™' ol et o act i ve
| EgseawBistersd wmwawi eptisehrlemetitomdl spectacl e |ens

t edleddloOittide Sleflestia BpBcaY bsth AnE R dn&Git b] QehtSind positioned
| \eenbbORit sid RESeTR driidifPs ERehd HticRl Q\Fﬂeﬁ activdfed and
fBﬁbEthﬁi&llE&@%@ﬂ&éi PoReivHerlRaMtBREL4t O construct spectacle

| enses that correct for other vision errors, such as

hi gher order aberrations of the eye. CLAI NS V\hat IS
CTe lameschf ClaimAh vetkeeeih said aptidaV eemp@icbaphieest ens,

[ 0 a first
CaOf?EEﬂeI% 198 blﬁ)!ll t&ﬁfon% gratei%rgt mg’kta((::)esé(;)fr i\?lvI otpﬁcaﬂ gegx?e&t &B{II cal
él %mkﬁt Gptlaﬁlcrem fosiforing a sesond. euréalce wésrid ppticbelemait opposite said
dgRnayrResat i on with said opti cal el enment and positioned
in contact with said insert for providing a second

tical wer n.activated and substantially no
8@1 j1gngof %wl’%ﬁuﬂ%@@%¥ ggmen compEsasens of C ai m
h sendirgingshed Bas bﬂanpfarcfadmlﬁg eﬁmntsurfawpf kf®6ptical élenbshat
I I ce, of i,d opti cal .
%&?&J{?‘L&%&l dgsrm Fcﬁafﬁ]nﬂg% Q tseicgré surreaé:cls ﬁfa §a6d o;ftgr%ﬁg!ilﬁrﬁelﬁ olpposrce said
secon surface of said optl cal el enent opposite said
first surface. 3. The lens of Caim1l, wherein said

Qﬂfeﬂé‘r@'of@lﬁﬂielnbv}ﬁ%ﬁpﬁlé@ﬁ:oaﬁeléﬁéﬂt csfnﬁhs%ged I 'ens bl ank
rmn t surface of said optical elenent;

qr mipga fiFst prd 2 je5pRd Fifage ebseisheptical element,
%YE’ eé%éalgpecgﬂ Saﬁf’ isopPogiesAiSGYHeS t e said first '

sur f ace.

The lens of Claim 1, wherein said first optical power is selected from the group consisting
of: )

plano optii:al power, spherical optical power, cylindrical optical power, and sphero-
cylindrical optical power;

and wherein said second optical power is selected from the group consisting of:

plano optical power and spherical optical power.
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4. The lens of daim1l, wherein said optical elenent
conprises: a shaped optical resin for formng a first

wapa7aswecond surface of said optical el ement, P@UTESIOTI000549

10.

11.

said second surface is opposite said first surface. 5.
The lens of Caiml, wherein said first optical power
is selected fromthe group consisting of: piano
opti cal power, spherical optical power, cylindrica
opti cal power, and spherocylindrical optical power;
and wherein said second optical power is selected from
t rou onsi sting of: _ piano optical power and
ﬁ% 89 C%ﬁ}lilgy}mﬁg id @‘Et ogt]xéal|pgﬁz§r qurepgsé‘pmig_ipn problems selected
EPEPHEOLP FORTFLR O%bpt i cal power corrects for vision
pmybbieyity peripis b@dbidpwa%m@ﬁgmawﬁn;gonsi sting of: ;
hyperqpi a, presbyopia, and astigmatism_an
%%%Eﬁe‘gg?‘? SR el oY cassia orebnon Boblemreispied S the group
pro ent Sel ected fromthe group consi sting of:

NP pPia, hymgiepieo phdapreshydpipr esbyopi a. 7. The lens of
Claim1 wherein said optical elenent is adapted for

C rrectép a higher order aberration of the eye. 8.
T]%ée kBt ﬁmtll Al Parein spid optisal elemient is héaptedfoncarrasting a higher order
ToSHAI" Pihe et ed for correcting a hi gher order

aberration of the eye. 9. The lens of Caim1l1, wherein
' 'ﬂﬁ?f . C rises:..a central ring for said ) _
%ﬂﬂ%g 0 Jltfiéirg t)};igh%i%n 8‘]“8 g{ef%@g&ttvie éenéqnéﬁéqtil?te(éfor correcting a higher
peri pheral ‘materi‘al di sposed radially about said
central ring; and an electrical pathway positioned on
seHedeResricIg! RlwibRliR bdidlnsLRbomE YL di ng el ectrical
I d]perlp eral material to said

connﬁgicanlon,i ong sal ] )
AT A8 1RGS21q Bositipng ¢fsaidielestro@pbayanlgnenther ei n sai d
ggrariphmhhamllefspakegc@?iany ggﬁt @aicfééhlrt@i dihg anfi 1ar ?ﬁ

| .about said.central ring. ...The
Sy SR MR b I SR v vy o
conprises A prur aPfiRAcEY MeighLie sardsertiral .. | eads
di sposed in said central ring and extendi ng al ong said

@Eiirﬁb@ﬁ roﬁ‘ C14Rt € Whlein said peripheral material comprises a plurality of arms
disposed radially about said ¢entral ring.

The insert of Claim 9, wherein the electrical pathway comprises:

a pI.urality of signal electrical leads disposed in said central ring and extending along said
peripheral material;

an intfagrated circuit electrically connected to said signal electrical leads for providing
electrical power to said electro-active eclement; and

a.pair of battery s_ignal leads electrically connected to said integrated circuit and distally
disposed from said plurality of signal electrical leads along said peripheral material.
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an integrated circuit electrically connected to said
signal electrical leads for providing electrical power

woaowastsel ectro-active el enent; and a pair of POBUSE07/000549

12.

signal leads electrically connected to said integrated
circuit and distally disposed fromsaid plurality of
signal electrical |eads along said peripheral

material . W12. The lens of daiml1, wherein the

el ectro-active el enent conprises: a first substrate; a
plurality of patterned el ectrodes di sposed upon a

S d first, sybstrate; a second substrate
o B oI BRt b Pl S e s o omineet ode
d@ﬁ{?b%‘é?ﬁtr@tpon a surface of sai d second substrate and
3a hluFht Yishal betveen ned
eliéctrclt))g%fs:ﬁ and sglgglée% duPcfé?sufk?Se g [HfStéfbéVi“l‘F
12 se\ﬁﬁ’éjr%ibﬁtr%t%@%?%évp@lmdﬁmesweme;nt conprises: a
fdordcusubatspere upéh § kirdlee BF éﬁﬁ@%éc&é{d Qyﬁ)stpa% E?%r ned ¢

0 irs

ace sal

. elect odes upon sur
s u]E)cé:“t1 gyl ‘g I%‘]E‘E‘ih‘ﬁw%ﬂb?tdr pattegH slsesedss apdsaid aledrdder st

13.

14.

15.

16.

17.

18.

substrate; a first el ectrode di sposed upon a first

Shifeft a strate;, a second el ectrode
di'sp %%ema%ni gv%geglgn ieﬁff ZeUvesflenaent gompriEsg
Mﬂétt%uéftéate wherei n said second surface i's opposite

Sab’ﬁr@k glinagly oF lﬁ)ﬁ&é&ﬁ@d el@ctlzo'ales' Eksééég&‘ %[?o%t %@ S eglattil{s)tesnhg@te ;

secon ura

al ? g nd s Lg bstr a
eI 8% RAFSAIdfirsi fubsitage; of sa| d thl rd
substtelextrede asmses tlpdri aﬂtsdsuﬁfaw bﬁéalcﬂéeas}szﬁﬁ%s@ﬁé ween

ak attern el ectrodes and said '
écrc&nh e%{r Seé %/fd’ 151‘ Fﬁjo& Yflfi’ fgaidspeqng| substzptsy wdigrein said
bet ween sa| d econd'i i % of patterned el ectrodes
ﬁlﬂr%faibéltf%réé’én%eéhle@t saodigecoddisubtnate;l ens of C aim 1,

%éﬁoﬁ& ﬁilliralﬁy eF Sﬁeﬁ%d%@écgggesqlsﬁ)@%ploﬁ.ﬁ:d q’% (%8?18 érnéﬂ sﬂbstrate

an opti cal
li:‘t.:_l;r @‘%Pﬁétheweaeﬁaldéﬁrslpéwm of pattermtidfelecaroddswnd said
ng el ectro-acti-ve elenent. 16. The |ens

@fseo@hdahqmla cryshe dBposell BerwekR 64id SecBhd bFaIRY SR
pik sdcandeleatoglet r o- acti ve b ﬁg] n{eé efbotrodos and

The lens of Claim 1, wherein the electro-active element is adapted f idi i
230 Do ) pted for providing an optical

The lens of Claim 1, wherein the electro-active element is a diffractive concentric ring
electro-active element.

Tlhe lens of Claim 1, wherein the electro-active element is a pixilated electro-active
element.

Tihe lens of Claim 1, wherein the electro-active element is a surface relief electro-active
clement.

Tihe lens of Claim 1, wherein the electro-active element is a modal lens electro-active
element.
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element. 17. The lens of Caiml1, wherein the
el ectro-active elenment is a surface relief

webk@cnsosacti ve el enent. 18. The | ens of d ai mPCT/US2007/000549

19.

20.

21.

22,

23.

24.

25,

wherein the electro-active elenment is a nodal |ens

el ectro-active elenent.19. A nethod for manufacturing

an el ectro-active spectacle | ens, the nethod

conprising: positioning an electro-active el enent

within an insert for form ng an assenbl ed insert;

| am nating a lens blank to a first face of said

assenbl ed insert with an optically transparent

adn®sihod fergpanpfasiiririerny cectrorastivoierealk lawy thaerttoll cobgrising:

elpesitibBn@eh NSRRI eenl §Mtin dzﬁ’ﬂﬁéeﬁ‘ti fgpfo%%bn% atrlllg alsgeg}%ggd insert;

a,second flace of said assenbled insert o
f Hn%lflatf ngW?’Flfﬁorﬁ %t %C%aﬁ/ﬁat%/a%@ﬁble‘é mserdivith o ogtiGadly transparent
s AYhpsive A pdynioe # first Phiigakuirface allihe plegire-ctine spptticalens;

r pesitionizne nold by aSadohd G| SF@hidla8R bl dd0h s RHG S
S 6o vty dletveseh ksaid endM ahd&i@leRs blagk act | V@gg%{ggfglg??rg facé for
I . et hod,.f or manufacturing the | ens of
Cﬁ§?§ﬁ%@‘ﬁ%§f8ﬁﬁa§§PH“1gﬁg%ﬁp nk conprises a finished
| engspwpticaliresif i predisog o erombopiicalosutfdd 6 thd\@edt@DSctive
ofpecieglied¢ms0 wherein said | ens bl ank conprises a
sem -finished | ens blank. 22. A nethod for

uf%%t ring an el ectro-active spectacle |lens, the
lt?!;. Yoo 8@ %r}“gagf.turﬁ’(g§h? lenphglaim 18 vderaimsaad teny blank comprises a
TR an insert for forming an assenbl ed
insert; nounting said assenbled insert within a nold

; itioning. a. first d apd.a second nold on
sag. m&hj’hﬁ%%%g%?f%é 2 S of i 12 PhfEiRsaidlepp sy eamprises a
sald second nold for formng a cavity between said

first nmold and said second nold; filling said cavity

Vih it FOPIohdthothASd B c18Qfh-GE ' Galpresin .. .
for}producigg aCfLr%t and aggg%g%%%%%gfggFwéﬁ??%égmﬂFm”@'
TSP g PSP et Rl erent Me thin ag ins@rg for Tormimp tthamderbigled insert;
maowriiag saittiasgnibiel ihefswalin @l ingakewher ein said first

PR iRk %‘Hrﬁta&c‘ﬁd GRARsLRT ndid on Lahed ) ganssl_cet,b B said first mold is
gﬁ)}i?ne said second mold for forming a cavity between said first mold and said second

filling said cavity with an optical resin; and

cur'ing said optical resin for producing a first and a second optical surface of the electro-
active spectacle lens.

The m§thod for manufacturing the lens of Claim 22 wherein said first optical surface
comprises a finished lens blank.

The m.ethod fqr manufacturing the lens of Claim 22 wherein said first optical surface
comprises a semi-finished lens blank.

The semi-finished lens blank of Claims 21 and 24, wherein said semi-finished lens blank is
further processed for forming a finished lens blank.
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24. The nethod for manufacturing the I ens of Caim 22

wherein said first optical surface conprises a
wa@esn7/081980 shed | ens bl ank. 25. The semi - fi ni shedr/uswe7/000549

blank of Clainms 2 1 and 24, wherein said sem-finished

| ens blank is further processed for formng a finished

| ens bl ank.6. The lens of Aaiml wherein said

el ectro-active el enent conprises: a first substrate; a

second substrate; and a material capable of having its

i ndex of refraction altered electronically disposed

b dfir t substrate and sai d second
26. E’bgfelnapg(a;lalm 1, w erem said electro-active element comprises:
a first substrate;
a second substrate; and

a material capable of having its index of refraction altered electronically disposed between
said first substrate and said second substrate.
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