; @GABCDEe3el % "ttuTyz@vTXuSystem Apparatus, and Method for Correcting
Vision Using an Electro-Active Lens 5 Field of the Invention The present
invention relates to the field of vision correction, and, nore
particularly, to a system apparatus, and nmethod for correcting vision

usi ng an el ecuo-active lens. 10 Brief Description of the Drawi ng The
invention will be nore readily understood through the follow ng detail ed
description, with reference to the acconbanying drawings, in which: FIG 1
is a perspective view of an enbodi nent of an el ectro-active
phoropter/refractor system 100; 15 FIG 2 is a diagrammtic view of an
enbodi nent of another el ectro-active phoropter/refractor system200; FIG 3
is a flow diagram of Syseam\ipparemms) afl MReNG NG CérdéédwevViesience 300; FIG
4 is a flow diagram of an enbodi nent of dispensing nethod 400; 20 FIG 5 is
a perspective view of an enbodVsiegandilecdredctive kens ve eyewear 500; FIG 6
is a flow diagram of an enbodi nent of prescription nmethod 600; FIG 7 is a
front view of an enbodi nent of a hybrid el ectro-active spectacle | ens 700;
25 FI G 851 SFialdssfGhé Diventiggv of an enbodi nent of hybrid el ectro-active
spectacle lens 700 taken along section line A-Aof Fig. 7; FIG 9 is a
section view of ahheprsssat myantiasfrelates b thetfredd af visive doeestidi)@nd, tnadren al ong

section line Z-.Z.of Fig. 5; .
parnculariy, 0 o sys?ém, apparatus, and method for correcting vision using an

electro-active lens.

10 Bnef Description of the Drawings
The invention will be more readily understood through the following detailed

description, with reference to the accompanying drawings, in which:
FIG. 1 is a perspective view of an embodiment of an electro-active
phoropter/refractor system 100;
15 FIG. 2 is a diagrammatic view of an embodiment of another electro-active
phoropter/refractor system 200;

FIG. 3 is a flow diagram of 2 conventional dispensing practice sequence

300;
FIG. 4 is a flow diagram of an embodiment of dispensing method 400;
20 FIG. 5 is a perspective view of an embodiment of electro-active eyewear
500;
FIG. 6 is a flow diagram of an embodiment of prescription method 600;
FIG. 7 is a front view of an embodiment of a hybrid electro-active spectacle
lens 700; _
25 FIG. 8 is a section view of an embodiment of hybrid electro-active spectacle

lens 700 taken along section line A-A of Fig. 7;
FIG. 9 is a section view of an embodiment of an electro-active lens 900,

taken along section line Z-Z of Fig. 5;



FIG 10 is a perspective view of an enbodi nent of an electro-active |lens
system 1000; FIG 11 is a section view of an enbodi nent of a diffractive
el ectro-active lens 1100 taken along section line Z-Z of Fig. 5; FIG 12 is
a front view of an enbodi nent of an electro-active lens 1200; FIG 13 is a
section view of an enbodi nent of the electro-active lens 1200 of Fig. 12
taken along section line @QQ FIG 14 is a perspective view of an

enbodi ment of a tracking system 1400; FI@ 15 is a perspective view of an
enbodi ment of an electro-active |lens 10 system 1500; FIG 16 is a

per spective view a nbodi nent of an.el egtro-active |ens system 1600;
FIG 17 is a persgg(ét ??/gs Weéwefiﬁv%ﬁmg’n%fo% irgentpf 2B EleCHPHCYS keBS | ens

| 700; 15 Fl Gsysidimileom perspective view of an enbodi ment of an

el ectro-active lens | 800; FIG 19 is a perspective view of an enbodi nent
of an el ectro- act F¥e. 1 hisarsecti@poiewrofin @ibddimentpdrashiffcictive eletewvaaivean

enbodi nent of__an @e trao-active len 0 00, FIG 21 is a perspective view
of an enbodi fENt ! %F%@PP%%G&‘PN@C@Mgémo; FIG 22 is a front view of
an embodi gent of RIGEI LR ReGhdY e bR BHLEAM B B cigdied Borfel jew of an
enbodi nent of an el ectro-active v?/ens g@g ; E ¢ %é" | smg'efl%%mzog‘i ew of an
enbodi nent of an ElEcl¥ B agfection ekachfian eshidditenteifshe808rd-adtie 1@lsangosect i on
line Z-Z of FiLg. 5
of Iglg. FZ taken along section line Q-Q;
FIG. 14 is a perspective view of an embodixﬁént of a tracking system 1400;
F1G. 15 is a perspective view of an embodiment of an electro-active lens
10 system 1500;
FIG. 16 is a perspective view of an embodiment of an electro-active lens
system 1600,
FIG. 17 1s a perspective view of an embodiment of an electro-active lens
1700,
15 FI1G. 18 is a perspective view of an embodiment of an electro-active lens
1800;
FIG. 19 is a perspective view of an embodiment of an electro-active layer
1900;
FIG. 20 is a perspective view of an embodiment of an electro-active lens
20 2000;
FIG. 21 is a perspective view of an embodiment of electro-active eyewear
2100;
FIG. 22 1s a front view of an embodiment of an electro-active lens 2200,
FIG. 23 is a front view of an embodiment of an electro-active lens 2300;
25 FIG. 24 is a front view of an embodiment of an electro-active lens 2400;
FIG. 25 is a section view of an embodiment of an electro-active lens 2500
taken along section line Z-Z of Fig. 5;
FIG. 26 is a section view of an embodiment of an electro-active lens 2600

taken along section line Z-Z of Fig. 5;



FIG 26 is a section view of an enbodi nent of an el ectro-active | ens 2600
taken al ong section line Z-Z of Fig. 5; FIG 27 is a flow diagramof an
enbodi ment of di spensing nethod 2700; and FIG 28 is a perspective view of
an enbodi ment of an el ectro-active |lens 2800. Detail ed Description In 1998,
there were approximately 92 mllion eye exam nations perforned in the
United States alone. The vast nmajority of these exam nations involved a

t horough check for eye pathology both inmternal and external, analysis of
muscle |I O bal ance and binocul arity, neasurenent of the cornea and, in many

cases, the pupil, f.] . frractiye .exam pation, which _both
obj ecti ve and sugﬁg@??&%gﬁh%%P§¥ .&£%§fgﬁPﬂg?ﬁﬂhgaéP%“ggﬁ?%ﬁﬁb to
under st and hndli agnose the magni tude and type of the refractive error of
one's eye. The types of refractive error that are currently able to be

di agnosed & meas ﬁ@d 28 ay eperypgstise vieppefraspinghoditsentof ag wlerire-agtiverichs

pr esbyopi a. gﬁgrent refractors (phoropters) attenpt to correct one's vision
to 20/ 20 dig ance and near and, in sonme cases, 20/15 distance vision can be
achi eved;s however, this is by far the exception. It should be pointed out
that the theoretical Iimt to which the retina of one's eye can process and
def i ne vi si Dgtailed Bresemyptiomat el y 20/ 10. This is far better than the 20 |evel

of vision which is rently obtained of both today's refractors
(phor opters)  and LEAhiRers ére@ﬁé@?ﬁl&fﬂgyﬁﬂﬁé@@%Wﬁ'@ﬂfﬁw%@ dh t hese
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or ocul ar thorough check for eye pat’hology both intemal and external, analygis of muscle °

10 balance and binocularity, measurement of the comea and, in many cases, the pupil,

and finally a refractive examination, which was both objective and subjective.

Refractive examinations are performed to understand / diagnose the
magnitude and type of the refractive error of one’s eye. The types of refractive error
that are currently able to be diagnosed & measured, are myopia, hyperopia,

15  astigmatism, and presbyopia. Current refractors (phoropters) attempt to correct
one’s vision to 20/20 distance and near and, in some cases, 20/15 distance vision can
be achieved; however, this is by far the exception.

It should be pointed out that the theoretical limit to which the retina of one’s
eye can process and define vision is approximately 20/10. This is far better than the

20 level of vision which is currently obtained by way of both today’s refractors
(phoropters) and conventional spectacle lenses. What is missing.from these
conventional devices is the ability to detect, quantify and correct for non-
conventional refractive error, such as abemﬁons, irregular astigmatism, or ocular
layer irregularities. These aberrations, irregular astigmatism, and/or ocular layer

25  irregularities may be as a result of one’s visual system or as a result of aberrations
caused by conventional eyeglasses, or a combination of both.

Therefore, it would be extremely beneficial to have a means for detecting,

quantifying, and correcting one’s vision as close to 20/10 or better as possible.




| ayer irregularities. These aberrations, irregular astigmtism and/or
ocular layer 25 irregularities may be as a result of one's visual system or
as a result of aberrations caused by conventional eyegl asses, or a

conbi nati on of both. Therefore, it would be extrenely beneficial to have a
means for detecting, quantifying, and correcting one's vision as close to
20/ 10 or better as possible. Furthernore) it would be beneficial to do
this in a very efficient and user friendfy manner. The present invention
utilizes a novel approach in detecting, quantifying and correcting one's

tilizes a _ . quant i nd correcting on
ol actro- act i URHRRGHE, NN BERABNELTlY dol08 1R gk PP Rebisopr onch

towar ds the msimetion, dispensing) activating, and progranmm ng of

el ectro-active eyewear. For exanple, in one inventive enbodi nent, a novel
el ectro-active phbreesant invientiest wilizes a aovel agproachiinideteeting, tquantifginigumd
phoropter/r tor utilizes far 10 fewer |ens conpponents than today's
phor opt er s SJR(EI% ?%9 O %198 THe 2pproagh velves several mraysivesabgRments « oday’ s

phoropt ers. utilizin@Gdn elédiicSa®ie Ws 2 F¥irthdS RS ?Wﬁn@gmﬁqiu@ﬁ%s f}ﬁcgt%! %ép%?/:?é only a

pair of electro-active |lenses housed in a’frane nountl ng es,
ei t her t hr odewards shemgtectionudispensing desvaingaad p?rbgbmn\iEE oftleatrarattvey k of
conductive wires, electrical power needed to enable the electro-active
lenses to 157FVMtion property. To assist with understanding certain

enbodi ment s of t%r!eﬂé(xﬁ?fei, Hbne “ﬁ{}@&‘j”?ﬁ%{%ﬁ% \é@&%@;@ﬁ{ arr%ggare now

provided. In sone situations, these exp %ssarily

I nt ended t o pberdpterrefiragor i wtilizeh oIiglelbéro-aideiphotopBiiirefictdriilisesp! es,
descri ptf’cgfng, aﬂd cl ai ms provided herein. 20 Xl’_] “el ectro-active zone" can
i ncl ude EVETHEPRERPansnts than teday’ sphasenters and isie fraction dfabeoveralhsitor

region. An | i redion’ c .portion and/or the entirety of
an el ectro- 3@%’?5?‘*&5‘3@?“@% s%ﬁé@? Fg> glgltfi?%’et%fseedﬁemi)%ﬁwﬁﬂt“éﬁf?’é )
anot her el ecosistaof bnl§ a'per cTelecAB-ahRClehsds A6hicdSn b SRR G@r}in?%zﬁtta(:hed to

anot her el ectro-active region, either directly, or indirec wth, for
exanpl e, anPrayiigsaeidier fgopgh ibemn staediurel designandlriby evayasfiaaetwaik of

el ectro-acti .can,be.attached to, anot her el ectro-active |ayer,

ei ther dire€ d)'ill,caﬁgcviuﬁﬁ’i?%cg??agl/pWﬁﬂee%@rm@R the elegiro-acdiye Janses et ween each
el ectr o-1act frtibRpedperlyAt t achi ng” can include bonding, depositing,

adhering, and other well-known attachnment nethods. A "controller" can
include or be i ndlowssist with angersieetisgcertam emisodipens of 8@ invéitionNt egr at ed
circuit, an uter chip, and/or, a chip. A "refractor”™ can include

| _ac [ \ T
a control | e?’.‘p?ﬂ?mﬁﬁf’g}' 1qus derBts-are oy providede Lmysqmae sityations, thesal yzer . " Near

di stance regyg jti % v i r i a, and any. ot her r ctive
error needed I?%{dtt)léﬁ%gerlg%? e oirllpgﬁrtléeﬁq %E’sb:%‘?'}éﬁg‘ér P@ %10“2%%\ “’aﬁ? 8 g\gﬁg .

"1 nt er medi av&thdiestrapies, destripivns,vadelins provafedinefdinide -t he 5 degree of

pr esbyogi a needeqd to be corrected an internediate distance and any ot her
refract “e error Ale&SHOM@St Hezans! Fatinelids o boincluded srean deatm-aopivat

ke e o ot 068, s o NSRBI B SRR SRS, 2
and mor o prof or abl v from about 1A ) ponary s S eEan b BoRihechftd NCnES.
another eleéctro-active region. An electro-active region can be attached to another
electro-active region, either directly, or indirectly with, for example, an insulator
25  between each electro-active region. An electro-active layer can be attached to
another electro-active layer, either directly, or indirectly with, for example, an
insulator between each electro-active layer. "Attaching" can include bonding,
depositing, adhering, and other well-known attachment methods. A "controller" can

include or be included in a processor, a MmiCroprocessor, an integrated circuit, an IC,



| O "Internedi ate di stance" can be from about 24 inches to about 5 feet.
"Far distance" can be any distance between about 5 feet and infinity, and
nore preferably, infinity. "Conventional refractive error” can include
nyopi a, hyperopia, astigmatism and/or presbyopia. "Non-conventional
refractive error” can include irregular astigmatism aberrations of the
ocul ar system and any other refractive error not included in 15
conventional refractive error. "Qptical Ffefractive error" can include any
aberrations associated with a lens optic. In certain enbodinents, a

"spectacle" can include one |ens. |n ather enbodi pents, "spegtacle" can
i ncl ude nor e 3CATRULHENPARG/Or Ogmul“#in[e?’@‘étgf ncap “{%hcqnﬁé’ﬂﬁﬁeRB??‘Be'al :

trifocal, quACHRIACes Bk 24Pt RELAHALE, 20Whi bifndien rd L shed”

| ens bl ank can F%I’IC| S%’elna Pens ab‘f anﬁ t e¥t has |H%ﬁeﬁgogﬁtﬁgz%0§u$ ace on
bot h si des. mchsierpresbyopis bedliny @her refractiveeadr heeded tiebeacdrmepsediibacde thhat has,
on one side only, a finished optical surface, and on the other side, a

non- opt i cal | yesélearhh peandistance. "Intramediate digtarpe efractive BRI 3 1R¢lRda thens

such as, for Lol / i shi . it seabl e
ens. -~ Surt adERBE SrestiobincRitat0 Be BhrBied o Mmed e itincelaptBh ofbek
materi al. to téfhictibe arrdtQidedddntb Hbeorredted g Onofo ke TRAlly bi MtdMediatedistaideank.

FIG | is a perspective view of an embodi ment of electro-active
phor opt er / r ef Fafckgancsyeffrastiva emor” cas istide poy edractyheredrawedesl igdici operetteds | 20,

whi ch ' k_of, ductive wi 130
6l ect ro- act i S8 S SesitePly i BF uibe  NES Malinst ke e pRon S Biie e 150,
In certain egbadia8Rdhss, ahdthdr@preF@sbl{ Fokn WYY inehéd t8-abddt 1 intkh@mes 110

contain batteries or power sources such as, for exanple, a mcro-fuel cell.
I n ot her 19 i Nintermiediatecdistanticlreant s, fromabowtr2dl inches te ghopk &Jeass "Faralisadck
possess the needed el.ectri.cal coppo ts 0 that a, power cord i.s_.plugged
directly int &L5 FPURAIEDENYSE pROUL Ft(ﬂnat‘ E'I%?:QF'BE%E'F ‘i‘i%bqye‘f‘ﬁg ‘or's
control I er/ progiRiiBhal #dfhctivd brdr bih RICIHEGE nlydpBNE @{&ﬁ :

el ectro-active Iensesa 120care rrtl;unt ed In ayﬁgﬁl’sl%ﬁfﬁ% y ‘.ﬁ’cﬂ‘%
suspended sopmsieyopial 'iNancopkentipasl tefractivk@roriedas ifcode ipegplar hgtignmtismger to

| ook through the el ec r%g- a(iti ve Iens(gs vvht'gl e being refracted. Wile the
first invent FRETASRBYES e AEUIRR SYPIETe andHIN OtRerIairactiye egpEaetiBelyded e | enses)

| n certans obfRfentioueRiXeyERAINBEALA refflibd B CLEGLRALAGY KEdRRSeS are
used. Still 1n other 1 nventive e rments, a conbination of conventional

| enses | S aagochediwitAlets yiic enses are utilized. FIG 2 is a diagrammtic
view of an exenplary enmbodi nent of an el ectroactive refractor system 200
that includes hoult FRitalsabadinens. spetacte) rrpiinpdudgonedenst Ingther

el ectro-acti ggg 20a 2N ver nvent.ional | ensgs citically,
diffractive ?‘glﬁé B,%’ %rsﬁg na‘?igc(%lnglr]lgﬁ%i&gwa_ & %I}F_alf?sc ‘%eﬂ'ﬁ@’gﬁﬁ ana
spherical | epsm id6Rde bifeel, Wafdsal? Quadrafe e ididrpRoptessRE addRionQaMECA S t he

el ectro-active lens 220 to a power source 275 and to a controller 280, that

provi des28 priesheadpidans lagk spn tglude @ lensrblasdathati has Snished opiidad sinfanetonwher e
mul tiple electro-actjye l.enses and/ conbj nation, of .conventi onal and
el ectro-acti 6%t¥’lsb‘ﬁ§'eé %?Pﬁﬁﬁ't’ﬁilefl g@ﬂf g(‘ﬂ%“l‘”eﬂﬁ%‘@"’ _E'é"r{’st? 2 as: AR e’ s
vision in a &angpr) aNAsREd SRRl AR A0 8a Mle dhdrisiiR, §ﬁ8ﬁ“§?ﬁ€aily’ finigedot her
i nventive enbodi nents, two or nore lenses are ac?ded together “giving a total
corrective powkace,the fanpneedofg factbér reydifiestionscuiekl as, for example, grinding and/or
- polishing, to make it into a useable lens. "Surfacing” can include grinding and/or
25 polishing off excess material to finish a2 non-finished surface of a semi-finished lens
blank.

FIG. 1 1s a perspective view of an embodiment of electro-active

phoropter/refractor system 100. Frames 110 contain electro-active lens 120, which




The el ectro-active | enses, which are utilized in both the electro-active
phoropter and the el ectro-active eyewear, are conprised of either a hybrid
and/ or non-hybrid construction. In a hybrid construction, a conventi onal

| ens optic is conbined with an electro-active zone. In a non-hybrid
construction, no conventional lens optic is used. As discussed above, the
invention differs fromtoday's conventional dispensing practice seguence
300, which is shown as a flow di agramirFFIG 3. As 5 shown at steps 310
and 320, traditionally an eye exam nation involving a conventi onal
refractor ig.f . { Ni " [ Lbiign..and taking that
prescripti o%retc%hg& I sdgﬁggﬁﬁﬁg%ﬁ{éﬁé’ﬁﬁﬁgﬁé Q%Ap%eﬁba%lﬁ’?iﬁg, at the

di spenser ogentfolfef MEanERGn! cbsttricil potet &sfredl50As shown at step 350 and 360,
the |l enses are fabricated, edged, and assenbled into the frames. Finally,

at step 370, thelheagaimepbediments: thernemplegnot showm ireFigi thefifsamiesall@® r ecei ved.

As shown in flow.diagramof FIG 4 in an exenplary.e iyment of one
i nventive dlcé H&aﬁ?%ﬁr%8 eﬁ%{f“étsugl?a%fﬁflﬁmﬂl? e’élr%‘(‘f’f"?%’-eggﬁﬁvl@ oglﬁwear i's
sel ect ed 5by iffent ) erithRAIMBRE Ghe teMipl8 bERrAAEs oftthind | FTBs&sthd hdchgdl to the
wearer. Wth the wearer wearing the electro-active eyewer, at step 430,

t he el ect r oglecsicaircempogents s that k pdwbiycdrides pluggdd dirantly iinte an electrical
phoropter/refractor control system whigh in t cases s _operated by an
eyecare pr of i iaB‘?{QT &'ﬁﬁLVCHP’aPéE‘hFﬁ?@F% 8 %%E%?ngrﬁ“‘é‘éﬁr tl8Pn i nventi ve
enbodi ments, thegpRid 6iBbr AVeWRA &b fﬂﬁe}ﬂ{ggie&&@gﬁ@é]@nge@ng rol system

and thus, control the prescription o ir own electro-active lenses. In

ot her i nventriousted nba Housbry sssertablyhwhich ipaisparnied ve ane tould diniple peyiecar e

pr of essi 8na| ang{qor ZO technjcian work with the controller together. At
step 4409 t ARe tEige prpedy & eider iglepk diroupl therelastrpyactive leagescwhile baivg essi onal |
technici an, . gndl.gr the patient/wearer, is utilized to select both

obj ectively or subjectively the best correcting prescription for the

patient/wearer. While thefigeinvestitdembsdipRat RIRSE bhRtd fHir dfel6iotREVe t hE
patient/wearer's vision to it's 25 optinmal correction, the eyecare

pr of essi onalensss, Mceran thes inveative cogedimenth multiple efectra/antive lenses are

el ectro-actj v r. I.n one inyentive enbodi nent, .t he sel ect ed

or escr ot or el b HimerifhRhFs el Sioierts § TaRBEoR pE SRS BORA PP
and/ or qpe @fd dBHE-&INE Iokéire GANBANENtS, prior to the selected

el ectro-active eyewear being disconnected fromthe electro active

phor opt er/ r ef r at B¥G.s2 isardiagrhineratic vewo bfien exemvpartyi engboglib extti of an tefectrbe
prescription_is ogramed into th el ected el ectro-active eyewear at a
later tine. aﬁtweé&ﬁ‘fgﬁr S¥siem ztoﬂég"gll PS@_—%‘F%@S%QOW& setaias atfeast ¢ ¢ ed;
progr ammed, o WedtoSREVE fks 200 %L@Qev%ﬁﬁ#oﬁvé}nifoﬂél%ﬁs)és,%:p%&ﬁw difigignce than
conventional eyeglasses are 5 today. This sequence aflows 1°dr 1 nproved
manuf act ur i fegs 23 prismatinpna 24D, dissgramsc leps 250,iaad ephérizal leWs 260.7A4 Setwavient i ve

met hod, éhe%fpati ent/wearer. literally can select their eyewear, wear them
whil e t AR t Y<ORARFUSE WIFFSi 270 $paRests the eleslprigtiva lepe 22Q p PoReer SQuIEE 27hem

P09 AT SOt LA Pl AR P Do S
ensuring the tothaleach inventive embodiment where multiple electro-active lenses and/or a
combination of conventional and electro-active lenses are utilized, the lenses can be
used to test one’s vision in a random and/or non-random one-at-a-time sequence. In
25 other inventive embodiments, two or more lenses are added together giving a total
corrective power in front of each eye as needed.
The electro-active lenses, which are utilized in both the electro-active

phoropter and the electro-active eyewear, are comprised of either a hybrid and/or

non-hybrid construction. In a hybrid construction, a conventional lens optic is




fabrication and programm ng accuracy of the patient's final prescription,
as well as the accuracy of the eye refraction itself. Finally, in this

i nventive enbodi nent the patient can literally wear their electro-active
eyegl asses when they get up out of the exam nation chair and proceed out of
the eyecare professional's office. 15 It should be pointed out that other

i nventive enbodinents allow for the el ectro-active phoropter/refractor to
sinply display or print out the patient dr wearer's best corrected
prescription which is then filled in nmuch the sanme nanner as in the past.

di spensi ng. | SRVRERVinaP Sel oSS 4Bt Jo SapboibRrl Framelontt | cnces) are
sold and 20 gﬂrﬁ;@ﬁmﬁﬁﬂien§5%dié isifde®t her inventive enbodi nents the
prescription is sent electronically, for exanple, via the Internet, to a

di spensi ng | ocat i 4f diskessed ebaist the-invdnitive defesfam pilagsesnantdotatnses) are
sold. In the,case. where. the prescriptiqgon is not filled at the_point where
the eye 25 _r%'f?%'é‘[“ﬁd’ﬁa‘i% eﬁ%ﬂ’gﬁ?#@,’ %ﬁﬁ‘gb‘élsg%‘f’ﬂa? ﬂ\ﬁ@ﬂ‘t&@%’a@ﬁ%é“a&r‘r@nﬁé an
el ectro- ast i MRwaYR\MRpE 3 6@ Md 934 g{aditigﬂgﬁ in e%ahliHBIo% iﬁ\%]f;%g'a' er

conponents, is either program@d an sta Into the e tro-active
eyewear, or dinveatidmg! refragioaisfetiowkd b obniting bels prestiigticel dtiingihiat ve
eyewear, following the refractign. In the case where nothing is added to
the el ect r o- HEYFPHOR (g dispenseh cThane a3 shomaatisieps 358 apd 746 ahthealispenser and/ or

one  Or-norg. .6 r [ ' .C 1 art _of the
el ectro-acti (\%lgcééf;%ﬁ\/\géaérn%alﬁ%o ogggﬁg?' ‘ﬁ%g ro %épa%ga‘gﬁp%éotatqeg?gﬁ #fre. FIG
27 is a fl ovfabiicagededgdd, and ssxbmbledanto tbé frames. NBiail )\ Biep 850 dhe RERS| NG

met hod 2700. At step 2710, the vision of the patient is refracted using any
met hod. 30 AtPrescEiption oygelaspes ase dispenssd apdirdceivedhe patient is obtai ned. At

step 2730) the el actjve eyegwear | l.lected. At step.2740, the

el ectro-active ey“g%etgj&r}151tb?gl&%ﬁﬁgmtﬁﬁﬁﬁe%wppé%%@egmf%ﬂ At
step 2750, tdie igVedtive QisperisintemetRwaan, dtSigi4108RS EctrbhGiveybwed iPET SPECt i Ve
vi ew of another inventive enbodi nent of the electro 10 actrve eyewear 500.

In this ill wslectedibyordsmthp veprerr Atstep 320, the finmien agefitted to the wedreo Withve

| enses 520 d 522 that are electri.cally coupl ed onnecting wires 530 to
el ectro- act ﬁggwggrg{;\ggw%ﬁl}pregqcfrg—rach%ey%ﬁab@.\Eéqepg.gé,rt@@e BEONISSAE | on | i ne
Z-Z divi gdes @anshédCoeieldcfoaftil ! [ @S the
"brains" of the el ec)!taro- agtgfséghgigl\}\%rg?égg%gc?n }é%%s?%@gb?@gﬁﬁ]%?ﬁl east one

processor coupssneoperatat by aasyecune professioyalcadoneminidiar. Héwedendn césdis uct i ons
and/or data.for .a sglggi.fi c prescription, and at | east one input/output

cormponent , SBYIRHXE embgdimentsotha Ratientnr wepner can agaaly prérats bt eantrobsisten asks

such as readj,APmdsr i bl ng i fp;gm ) ' ol.t ages to be
applied to indivi Hua@gﬁegrg%denﬁgﬁ%gfgjgse onec&goglhé\tew&q‘rg‘%fqga%‘tqt@% i ndi ces,
and/ or act i rigved@ivasmbodiamats, bothahé petenboledRe ind R dydtdre piofaisPhalandlevear
and the fﬁssc%ci ated refractor/phoropter equipnent. I'n one inventive

enbodi ne BoRiGan verk wulythecogtralientagatherned by t he eyecare specialist or
e R e L e

professional, technician, and/or the patient/wearer, is utilized to select both

objectively or subjectively the best correcting prescription for the patient/wearer.

Upon selecting the proper prescription to correct the patient/wearer’s vision to it’s

25 optimal correction, the eyecare professional or technician then programs the
patient’s/wearer’s electro-active eyewear.
In one inventive embodiment, the selected prescription is programmed into

an electro-active eyewear controller, and/or one or more controller components,

prior to the selected electro-active eyewear being disconnected from the electro-



25 controller 540 while controller 540 is outside the patient's eyewear,
and controller 540 is then inserted into the eyewear after the exam nation.
In one inventive enbodi ment, controller 540 is a "read-only" type,
supplying the voltage to grid elenents to obtain the necessary array of
refractive indices to correct the vision for a specific distance. As the
patient's prescription changes, a new controller 540 nust to be
progranmed and inserted into the eyewear®by the specialist. This controller
woul d be of a class of ASIC s, or application specific integrated circuits)

dit - | na tly inprinted, | th
Mvent s ve. anistiy? ploBpREASRA, CORRBIE ST RSHIE sRa R hey s pe
originally ppregiiafbeds frpetdianey Reahe seleged dletifd-adlivelepERBirGk ahtvaRe f i 1 St

di spensed, and later the sanme controller, or a conponent thereof, can be
reprogramred to phdithgecase the ¢lestemactive eyewsar srselegied fireeds prageammed,rmadds

h . Thi s;. -act] . troll b t t f th
cyonnar . pl SRS FREASD n RGHAT AR R PR et Rty e go.
and 2) ansl repioTiassRfheas: dibvsor thisto hit@dndthg, %fraﬁ:ﬁﬂé%@i@ﬁ&ﬂ%iap The

situ) by the refractor without renoval fromthe electro-active eye
el ectro- act isfBcien@esear controller in this case could, for exanple, be of a

class of FPGA's) wr field progr | e gate arr chitecture, In this
i nventive enbodi riﬁttLFﬁﬁveﬁl%gE?‘?egh%B]Wg%%fgWW?‘gﬁﬁh?ﬁq %fechﬁ’g‘?“be

per manent | y &ivkir {@h©Oth ; bk L. s J LNk to
the 15 refraé(?t@or whi ch F@?ﬁ@g t géspg%rg%%]rggﬁ%kﬁ]g@%mgg&%g&Pﬁg%ﬁ}fl . Part
of this |inkhewpregrameleddor evetcormat| préd€riptione rn st e bachdtadlagdid e eyewear

controll provided by an AC adapter enbedded .in the refractor/phoropter or
inits cﬁ% r‘{ﬂ“PéFﬁ“«‘p&'&Q@H e45ef leaves thegxamnation phain thuseensitivgthegatal t he

el ectro-actigye; WAk S ractor, -and the. external,, equi pment
oper at ed by ftgﬁ-é&ggecar g&%em g’fl% %’[%mtzﬁ!rgy Pg%ﬁﬁgttﬁnéﬁ @Sﬁ%’f’g‘i“ﬁw’ %EW%HF a

di gi tal and/tbe acneico@f ity &eirafiaction itsHE. Fingly, i tHS Inv¥ERi RYGMERimentGRAL I ol | er .
Thus, the electro-active eyewear controller can also serve as the

control | er fRapeRtican liggrally: wry thiis elsptre-activiereyeglrsseswhenither get up et ofdlessar y

processi ng . available.to alter the .array of grid voltages to
the el ect ro%ggﬁn\r?gmi&Eaelgéﬁ%%ﬁpcg?@ow%%ﬁﬁwetW8Peé‘f‘8%arl rsd’-fgﬁff'i ve eyewear
control I with thitbuttPbépaihie@rout it ORES ifPntiv e emB6dinRAts zﬁ[ovi]f‘b?ﬂ%?er IS
enpirically determned. In this case, the patient reviews the eye charts

t hr ough hi s/ehrstrogaive pharopisr/sftactos tesimpbadispiay orpridtivat thegatiestdron and may
be unaware that g% he/she i.s sel.ectin

.t he be orrective a
prescri pti on cash& CeEhortseied Pressription Y’ﬂ'éb &@F%ggému%@ﬁé&?e jmanner as
si mul t aneouss yhebl Urfdtly Q?&iiﬁ - : vative
enbodi ment uti | iquaketgg?em el eg{lftgfrﬁ%gssg{lﬁqg{'%e ra%%g%ﬁfﬁgﬁsglg m%)ﬂg{a%sed as a
first step dmpensing locaworbwhertei ebettrotdctivd iewehe(fiaimes and ienses) afe satd &6 5
(shown in Fi %sf) | .and 2) such as by way of exanple) but not limted to
Hunmphr ey**s ﬂ §95¢df r act or & Ni kon's Auto-refractor which have been

devel oped o modisfiiaf oer BEVRKLOE o BSAS o MLER IS, COMRALEAL ¢ and

programed for use w Inventron s ele

i nnovat i ve éorteadinptnivia the ieghet, o aaaﬁwsmgqa@éﬁ%nrvﬂfef@a&w@a&we ewddi | e the
patient or arer is wearing his or her electro-active 10 specfacles. This
feedback i s (Fapesandderseskates9ldor manually into a control l er and/ or

programer, whic calibrates r.ograns .ar .reprograng the controller of
t he user/wearer' ghg\q:cgﬁ%b% t$%@r§$§’39§& ‘g"g.ﬁﬂf’ﬁa 'ﬁF?g’r“ﬁ%‘r'?ﬁ&GéY%nbodi ment ,
one' s el6ct refraaén erRLmEAGh Renfia etV el diRbAt 81 cRErHSEHTeplinlRO U

requiring full eye exam nation or eye refraction.
controller, and/or one or more controller components, is either programmed and

installed into the electro-active eyewear, or directly programmed while installed in
the electro-active eyewear, following the refraction. In the case where nothing is

added to the electro-active eyewear, the electro-active eyewear controller, and/or one



15 In certain other inventive enbodi nents, one's vision correction is
corrected, by way of one's electro-active lenses, to 20/20. This is
obtained in nost cases by correcting one's conventional refractive error
(myopi a, hyperopia) astigmatism and / or presbyopia). In certain other

i nventive enbodi nents, non-conventional refractive error such as
aberrations, irregular astigmatism and/or ocular layer irregularities of
ZO the eye are neasured and corrected, ad well as conventional refractive
error (myopia, hyperopia, astigmatismand / or presbyopia). In the

i nventive emho nt ereby aberrations, [rrequl ar .astigmati sm and/or
ocul ar Iayep%?glroggﬁ?lgﬁc}wef&m%‘?"eflﬁe’séf}émﬂ?%e b'é‘lltf'gé{a@d’fi%?‘f’%{ rIdet o
conventi onal ey@héaaht I8ehdtAbed B a3ded slaMeC@eLe corrected in many cases
to better than 20/ 20, such as to 20/15, to better than 20115, to 20/10, 25
and/ orto bett ert hdGR @719z fiowidagran af tragebediment affanother imvehtive dispensing
acconpl i shed by, utilj.zi t | ectroactive | enses in the eyewear

ef fectively gééﬁé# %%derz)t&%éepggtlﬁﬁﬁe K00 She RAvientis refrastedyiing anyipethed.at ed
and in usg f @k sfERDT2Y : 6L [ ' ' in

gr ound- based asttrér%onorﬁe%g?r%‘gllj%g@opes?Bgtgen\?}ew&g o& ﬁﬁ%ﬁo{, 'rth%n%%‘%nwsoé ion
through the active eyemeanisselecttdr Acaep 20 tieielitfroaitlvatyowiear i pAithnGRid ONs.
In these cases egnented or "rubber"” mrrors are usually enployed to nake
smal | correcf‘i‘@ﬁi‘e?"(‘}a{eﬁé RES6RPYAR0 Mt S Z7AQ theglsairaractiveayewpirght wave. These
mrrors are Hﬁpgﬂyéh_at ed by nmechani cal actuators in nost cases. Adaptive
optics, as applied to vision, is based on active probing of the ocul ar
systemwi th a |igliGh&adn) pawsdetiesview of ubotser iaventive lembdBith dHiE 8B theQ@Fedtide
wavefront distortion of either the retinal reflection or the imge created
on the réPi naCtveayswed 30ofin this Musisative gxamplei Samestifownteipenesicalectpher i cal

pr obe wave apgd: jstortion.inparte n-this wavefr by the
ocul ar syste?n&“)g;g](?:%gngg? ?‘Q‘SS%@‘ eFIﬁ%FﬂB’W ?’8@%\?‘?‘%%@3?@‘%“%
one, a skill eldctex-astivicdyeRir @aieerisne a3 wahoercEB50! kegidiiimtzzn t he

ocul ar system and prescribe an appropriate corrective prescription. There
are several é%’!ﬁ?élﬂeh@%sqt@ﬁtlﬂ@ nga¥ef ront anal yzers, however, the

adaption of the e [ Q- ive |l enses.described here for use_as either a
transni ssive or rkggfclégﬁ?r\a/sgb%tﬁﬁ %e Eﬁb‘ﬁt oﬁ%&?e&f"&acf“ée BYSWeaF APG 3ad can
wavef 1 0Nt anglutsihat leakt dr pratebdrEshuirell B JoRE ohOURAIPBomERRRkES, Of
wavefront anal yzers are prplcgvi ded i nwu.@&ga%ﬁ?gﬁ%s. Eoin} : ky WIlians)
and 5, 949, 52stoying hristractgdns aediohdasd foxhaispérifis pleecritition] anlutpeusodmd by reference
inits enti r.et%. In certain enbodi nents of the present invention, however, =

smal | cor r ecPPBHRUIBRL COMROSEHERICR 357 BoTmEantreliar §40 samperfasmaeampdationabes so

t hat an i maggsysl j 5.433@5' . ' r of..electrically

driven pixels ﬁh%gg%%%g%gﬁe rac%'?%ﬁg%gﬁmgg’gﬁﬁg%%% Vél&ggf’ g‘?%‘f’i ng or

sl owi ng dowrapiplied ko iidivithas giid gletdenawgiedidiadasityd idf@cid BARRY Anldd8%ind N thi s

way, the Iectro-gcti ve | ens beconmes an adaptive optic) which can

conpensaf® 352 oY 1pisHasebRWegnihe Ratientivssr's exewenn and therassaspateds of t he eye

itself in ordgh .0 R%Qfgpgﬁé‘ﬁ?ﬂt' y aberration-free-inage on the retina. 25
Pe” 8RB0 nt's,

In certain inventi? _ because the el ectro-active lens is fully
t wo- di mensi onal , Tniorednsesive &hb@chﬂx@ﬁ@bétﬁ@leﬁ%ﬁ%r@-¥r&g?ﬁ§nﬁ¥@'bz tigpt i cal
system can be conpensated for by incorporating the sna I ndex of

refracti on CYFFAEEEPHHAISHA tegmi@in toimeeey theqetivitss amvergeneecridon prescri ption

needs-of th .user ., | hi s vision can be corrected to a | evel
of better tﬁ‘g%ﬁa Lé%eulfe&d%eﬂa{é P@\?\é\%ﬁﬂ%ﬁh‘wmﬁgaﬁ%mg Isdopeon -

25 controller 540 while controller 540 is outside the patient’s eyewear, and controller

540 is then inserted into the eyewear after the examination. In one inventive
embodiment, controller 540 is a "read-oniy" type, supplying the voltage to grid
elements 1o obtain the necessary array of refractive indices to correct the vision for a

' specific distance. As the patient’s prescription changes, a new controller 540 must



~ convergence and accommodation corrections, and, in many cases, could result
in vision better than 20/20. In order to achieve this better than 20/ 20
correction, the patient's, ocular aberrations can be nmeasured by, for
exanple, a nodified auto refractor utilizing a 5 wavefront sensor or

anal yzer designed specifically for eye aberration neasurenents. Once the
ocul ar aberrations and other types of non-conventional refractive error
have been determined in both magnitude alfd spatially, the controller in the
eyewear can be programred to incorporate the 2-D spatial |l y-dependent i ndex

f refracti te, for th ber r.at i ons. and ofher t
of non. convent PRBARe! AeRIREATAbThe letelr BETspBHEl " Hhi BB myop o,
hyperopi a, phesRfa ciafsf ARIES! srHpplicABnCPEEifiE ihteRatedRitenit€ TR@sHs ment s of

the el ectro-active lens of the present invention can electto-actively
correct for aismonaaidprecessing hemprnidspermmnently smprintet.em or created by the

| ens optic. IS Thus or . exanmpl e, .certain power correction of-3.50

di opters may be rﬁ'qﬁoibéﬂlqvﬁmé%c"é?‘?%“we@q’gﬁ troeaaiye CYFWRAT Gentrolles may; o

COrr ect - asWeBe Gigifal Y ABaAmnldd tyihe e§aSPe siRiaRt Mte@hidiid #A5FREs VO! t ages,
V,...WN, is applglledw%m%he M els{;ﬂr}rler??s |nspt%Ele grclﬁﬁ ar rcgé;#to gensér ate an
array of di fdiepawsed, iandiatershedamesdomarotlen oy a bbmpoiNvt thendofhcagibee t he

el ectro-active | ens a, power, of @éSO di opt.ers. However, certain elenents in

the 20 grid SEPFOgARRE Yide a diftergntgoseection, 35 thespatient(s nends shangsn Jhis n
their i ndex _ i o) )

non- convent | BT P Yk Eitd R nfty $e B B8 B9 808 flgced in the

cor r espondi ngfractot’h esmratieep@grankef@BRbwa th Figst hendppindiep@pfangthed el enent,
in addition to. the base nmyopia-correcting voltages. In order to detect,
quant i f y10anghrye thepramipation, aixepragsapmed, |situf by thesefrateromiteont remeyal

refractive e r as. i Lr r ti ti ocular refractive

i rregul ari ti%é‘? %%ééﬁ%s'g?%rg eg%g 1 ﬁgtel’?gg'&éagﬁ% S i\lef ’rn_othls %GF€ t he
cornea, the ¢oubd)for (XampRChe 6f a £1865 FFPGA’s, SFHEB ProdrimpAvlegdt kesy the front
or back of the lenticular lens, vitreous irregularities, or for “other

aberr at i ons ¥ghitestirgyintthis entive embodiarni the edscttoeattive tvieweas ebfitrolidnenay

el ectro-actiye refractor/phoropter is used according tq an. enbodi nent of

t he inv_entiv%e%e?r'@%‘&ﬁ?ni &“gﬁmﬁb&'ﬁ&ie‘ﬁ%_ r?—q"ﬁe‘@.lyﬂgg‘i"g?ﬁeg tofhe her a
conventi pnal refigétbPwhieh issBdd 1hé ﬁ@&é@aﬁﬁ{mg eoxhﬁlfahgio%e PBYA PRPbE his link
conventional and electro-active |lenses, or an electro-active refractor

havi ng 5 onl yowtl encdude-external AT powsersto the elactraattove fewamt cntroller provideged t o
measure one's %gé agtive errqQr_using conventional | ens powers such as m nus
power (for o ?,a ptefse ¢d e Teffastorabesopterayiin Ha epmtErliesoner and axi s
(for asti g"Bérbng?nﬁx?e?qnﬂ” sm power when needed. Uilizing this approach, one
will get what Ts known today as tile patient's BVA (best visual acuity) by

way of conventi oralanctheriacéritive erbodiaéntythe @locab-ackle EfRvRMEcts aeHeal N

enbodi nepts of the invention allow for inproving one's vision
20 retfractor, and the external equipment operated by the eyecare specialist or technician

consists of merely a digital and/or analog interface to the electro-active eyewear’s
controller. Thus, the electro-active eyewear controller can also serve as the
controller for the refractor/phoropter. In this embodiment, the necessary processing
electronics are available to alter the array of grid voltages to the electro-active

25  eyewear and reprogram the electro-active eyewear controller with this data after the
optimal correction for the user is empirically determined. In this case, the patient
reviews the eye charts through his/her own electro-active eyewear during the

examination and may be unaware that as he/she is selecting the best corrective



beyond what today's conventional refractor/phoropters will achieve.
Therefore, step 610 provides for further refinenent of one's prescription
in a non-conventional inventive way: In step 610, the prescription, which
acconplishes this end point, is progranmed into the el ectro-active
refractor. The patient is | S properly positioned to | ook through the

el ectro-active lenses having a multi-grid electro-active structure into a
modi fi ed and conpatible autorefractor orlla wavefront anal yzer, which
automatical ly neasures precisely the refractive error. This refractive

e T S

refractive
20 appr oxi Mefeplogramé ABtrdéQRt ed area of each electro-active |lens) while
automatically conputing the necessary prescription to achieve the best
focus on the fovesnathemgnavagve embodiment ghilizes/an letectrheic patd-efitactosthabcdni ng

t hrough the garggt ed.area of ,the el ectro-active |ens. Onceflhi S nmeasur enent
i's made t hi BRI BohTEATICBALY OF Bt Fmbingrpn with therlsctiorasfivg refraciane
control | es/ pREHPIREEs. Te{HAr [ £S; d
into the co%&r ol I er Shat co fﬁ’gff%ﬁ%f’gctr 1%3Pf§§1@%§3;§mlgﬁ?§5?§m
course, is rageatizattdrot Nikolis dyne-reffdctartvepclbiize Hebe dpedlomdtor afodilaiter now
may at their opbi n.,elect to.use a ntrol unit which will allowthemto
further ref {ReVER oA SAC WhichrinFomBable epdprogramimed foF tse pithyihe inpgntion’s

non- convent i [V r I I i of 15

bot h, and théaés.&ﬂjtohatracﬁ?'iIE %g%ésb?rehgiirn?%?%,e%ﬁﬁﬂ%}t?g?sl%gﬁ%gg a‘ﬂf}%gr%sati vely, or

i n addi ti on,refriveive yarog vehijerthé patidnd beivedrayisvafatiig hid or HenklektrdActh@M®e cases no
further refinement is perforned. At this point, an inproved BVA for the

pat i ent , Hetspestadlesa T inieedback i frdaviora enmianwally intae penitepllesandforl | be

achieved. 5 f er refined prescription. st

pr ogr anmed ipr?{)%%% ﬁer’%éﬁ%{:}}o ecra.!fgr\%eistwogr&msro&r rf’mﬁ_é%f%ﬁ[oil&ﬁr’]ﬁgelenses'
prescri pt i oluserAbeatértPeldfd-adthie spEASI A GhIS Lol s0rSGhbyBmeREEias! €S are

di spensed. While the preceding steps 610 through 640 present an enbodi nent

of one i nverfldcife-agtivtingctaglep ernibare-catibratethas repdehwithputotqsishg fidl ¢y
j udgenent or x%rg a%)rofach, unerous different but simlar approaches coul d
be used to J&Tety ‘aﬂa?ﬁ‘%‘f?@?"‘é‘ﬁld/ or correct one's vision using solely

el ecuo-aps i ve refli agrkfh SHAP RIVRRHRS SmBddients WHR MAkioR reowe&ﬁbq"@w&&%&

anal yzers. Any nethod, no matter in what sequence, that utilizes an

el ect r a- act ibyevayaffioaeseldopeactive Ensesp tad20/2@ t Thiyisobitaingd immosiomassadyr ect
one's vision, whether,in conjunction with wavefront anal yzer or not, 15
i s consi der s8TFAPE FF StREBVEH é‘ﬁjtrieg'ﬁ‘?t“ffcﬁm’ézfém‘é’, hyperopad.aghgmatispb aed { e
enbodi nent s, S 0 {]E,gﬂg f i Lk i fied
way or even Oéﬁfji ffg?déhtm Eée%grgl%hgé ur t%ﬁ%ﬂn@)ﬁl é‘?ﬂ Q{itgﬁ‘ge%r%%bdﬁlﬁét&ﬁal %qutgh ain
ot her i nventerroesurhiab ablsrations, itregwei atigivaiem Mdndidterchibin $ayee iriathrities b St ep
610 is wthin the range of about 3.0 mllinmeters in dianmeter to about 8.0
m |1 i met< s theFygiasmpeasuredyind qorepted; asavelbss qonyentianabrefiapvk ereart(myopine

targeted ar : re.f 2.0 . m.llineters i,n diameter up to
the ar ca of "7peol BB LRy bPBSRA  rEiEiuerRk Srbottnd Phny
concent r at eaberations, iAegilOnastignagsmi dridtochRF My ePireBliRFied ofhk byEakkenses

al one or in conbination wth wavefront anal yzérs to performthe eye

exam nat i on c@freqtgtkinfaggitioa to chpyeatipgal sefractive eryos onbis|vision 24n beertrreated

porent 1 ai |y o el Tbefer Bita 2020, Yoy 5.0 PRS0 e d B Baiorolibnee or
I nt er act3son andvey betted dhgn oMENt | ve enbodi nents descri bed and/ or clai med

herein are intended to work with any type of neasuring system whether
obj ective, subjedhis\adyansagepus embi eratection sfacbarhplished by utilizing the electro-

'y

active lenses in the eyewear effectively as an adaptive optic. Adaptive optics have
been demonstrated and in use for many years to correct for atmospheric distortion in

ground-based astronomical telescopes, as well as for laser transmission through the



16 Turning now to the electto-active lens itself, as discussed above, an
enbodi nent of the present invention concerns an el ectro-active
refract or/ phoropter that has a novel electro-active |lens, that can either
be of a hybrid or of a non-hybrid construction. By hybrid construction it
is meant a conbination of a conventional 5 single vision or a nultifocal

| ens optic, with at | east one electro-active zone | ocated on the front
surface, back surface, and/or in between!the front and back surfaces, the
zone consisting of an electro-active material having the necessary

el ectro-acti ns .t o change focus,electrically. | ertain enbodi nents
of the invenglﬁﬁéﬁﬁ?rﬁgoreﬁoé’w 9%%3\?8d?8ﬁ@'¥ @P@ﬁ@%}nﬁ E%&FV PFSeed eit her

i nsi de the | edpnddtedt "nitbebomkrdi aRONGANFebiblEFE Rike sHfall otect it
from scratches and other nornal wear. Inﬁe@g gﬁocﬁ?mgnt V\]h%?%‘:t%cﬁg%

el ectro- act i the wayedrant of thelimdge onbaserdightwivet Thefe mittors ar\eanigulittdbe, in
nost cases a scratcll'u resi stant coating is applied. The conbination of the

convent i onal m§Fl?13d]I‘°§ FERIOR AR GRSeS conventional nultifocai |ens and the
el ectroacki ve zon@4ghtheSo ; : . i | ign. By
non-hybrid it is 15%rreantﬁd§§’lgg%i)ﬁkﬁ %hr\ﬁ?lgﬁ)’\g?é%sgé ggggtf‘ltyvﬁéa\)/\lﬂéroggé Ogrrg%fl y
100% of its systenawithwdighvbesm) suichasen ayeshis bkl yindyeisufestheRhveroact i ve
nature. FI Gd.7 i S a%{ﬁr.‘%gt view, and FIG 8 is a section view taken along
line A-A of USIPTRfithshthesetingl reflactipn af theippgq ereatpden the-reidna. vilhispect acl e
l ens 700. | ngdehi 5+l [ &1 O includes a lLens optic 710.
Attached to Iog%sﬁgﬁv}egaé{l%‘%ﬁlag an € %lg{'eregé)}-ssgé%' p{0§§gfw§ mf?ﬁé‘fgcan have
one or nore thedistortdon fhparted QP WatdFint Bf tHeRiuRk Eysﬁ!m.agg%ﬁ{b%gaﬂ]e

el ectro-active, layer_ 720. Al so attached to |ens optic 710 and at” | east

par ti al | yOsuiitinhMavegont vath the-digtestedones g skillzd exanzinér canidetgrimgeovha? 30.  Lens

optic 710 i . i tic, power correction region 740 having an
astigmatic gﬁngﬁﬁa}}\%rg(??%% ) eioﬁu]taﬁﬁ\és\?%@&é ?‘?eﬁcr@féﬁﬁl’g"%ﬁf"ﬁf’ogﬁﬁ‘r"&xi mat el y
45 degrees cpresdtiption. There063VRF 41 28Mbatin [ = ' r 720
and fram ngoill ayeierjSO [ g an optional bcovge@?égigdr}%S ﬁ%ﬁﬁﬁ%ﬁ’g@&ﬁégussed
further, el cberdaptioniofthd eloatro-Faivedenses describled leeré foquselaceigiet &l and/ or a

pol yner gel. Electro-active |ayer 720 can also include an alignment |ayer,
a netallic |%vém'ssa'ecoaaa%vﬁvaagmés?t mAdhYer Wrperiegn sueh Wavelroptanalysiny | n an
al t er nat iye g dsHedBth; i | E%Q’H t ' ' .7l pated so
that | ens oplti c 710 cglrurlggl?g?%%dngp eré’?%é;\{e%&v%ﬁ%%?&é%%g{éﬁgr)‘hg%{%r native
enbodi ment, WenPateptNos. BT 7cHS (SWitlizns) ahd 5,980,650 € (Williame), shdy sravhicleRr

di stance, and/ar .bot h, ang aniy sort of conventional refractive error,
i ncl udi ng spPYEFR ICORATatad Py geferpnge isitpentisety and/ or aspheric errors.

El ectro-active | 12 QnfiR; r .or _near, di stance) and/ or for
non- convent i onal 5!%‘12; rr%l(?:ltl ve grﬁ %%gog%ﬁ?%;ent&ﬁ\éernpgﬁ haveever, smafl gaprections
enbodi nent s orelpstmateontinvaieltoyias eldb-8iive (QkER thAMN ifakL lighwaoaeent i onal
or nonconventional refractive error and lens optic 710 can Correct for
convent i Bhal'mparsdky  gedearmy of elegtricelly devencpirelsiimbossiadexof fefractam can

el ectro-act i\ s i hybr.id .const ructi on, approa ha ertain

di sti nct ad\?\aé%tlﬂggeg‘saéoe\g/i&ﬂ%ﬁg}rs WngHBWDEW&&pF%Hg&RWgB]%B&ﬁFaQES are

| over el ect eliembleiauel. MaREways W dIBfrddRileleks bbdfnes' AMARSRRNEr Y |1 Fe
expectancy, |ess conplex electrical circuitry, fewer conductors, fewer

i nsul at or s, Whidieranrsempfensate fonthe odetent spatiel iemesfdctipt inabe opticapg firregscy, and
increased i . tructural i.nteqgri.t However, it must be noted that

non- hybri d ét?eelgf’} %rtaﬁrcttul‘{}’éa'f’ é‘r{’gﬁ’gyﬁgwt'f’ﬁ‘éﬁe 1Bgge ethedetivglyant ages,

i ncl udi g r educedp L&Ak DR : n | A een
di scovered that both the notn?@hs%??%?egﬁﬂy%cﬁ&%gﬁn%%%%g?%ﬁﬁsﬁgm full
field hybri évemdimersianal|fied apatidi wberrationp pagad by thi dye’ salpriexy syeem2@nHRs s
manuf act uri ng of a v?rg i mted number of SKUs (Stock Keeping Units) when,
for exanpl ef°PREPsAIed pr Y mepnpeating the smplkindge of Firagtion toresgtiprs arhiap off a

mul ti-grid 5 i e, this.cas i, t uld only be
necessary mﬁ%ﬁﬁﬁgggﬁﬁgﬁﬁﬁggﬁﬁﬁ?%%h 8°#g%ﬁ§°€VF ﬁPFQm wqﬁdgﬁﬂﬁyéﬂﬂﬁﬂnber of
di f f er ent i atedbé eatastedso auede] a$ betwr\BinwRat 286 d HeZ8hib0éd WHE HBRIE! ' S
anatom cal conpatibility. 25 To understand the significance of this
~inprovenment, one nust understand the nunber of traditional |ens blanks
needed to address nost prescriptions. About 9S% of corrective prescriptions
i nclude a sphere power correction within a range of -6.00 diopters to +6.00
diopters, in 0.2S diopter increnents. Based on this range, there are about
49 comonly prescribed sphere powers. O those prescriptions that include



is an astigmati smcorrection, about 95%fall within the range of-4.00
diopters to + 4.00 diopters) in 0.25 diopter increnents. Based on this
range, there are about 33 commonly prescribed astigmatic (or cylinder)
powers. Because astigmati sm has an axi s conponent, however, there are about
360 degrees of astigmatic axis 5 orientations, which are typically
prescribed in | degree increnents. Thus, there are 360 different astigmatic
axis prescriptions. Mreover, nany prescliptions include a bifocal

conponent to correct for presbyopia. OF those prescriptions that have a

presbyopic ¢ ] %fall w.thin the range of +1.00 to +3.00

G opters) i 1o GeeLnddR0hdtacorellbeh, fod BEnl-80 el coitt a5
commonl y pr egsioh bederphashyepi ¢ powers. Because sone enbodi nents of the
invention can provide for spherical, cylindrical, axis, and presbyopic
corrections, one McHdentpechices hisbegenthian 26/20amsrectaon, sherpatiettsenctla2 39, 080 (=
49 x 33 x 36 different prescriptions. Th one nonhybrj d.

el ect ro- act iai%géftzgnnss c@ﬁ&?eﬁﬁaﬁ‘i’rﬁgs & frf’ﬁgxﬁ{%@& & ﬂoﬁ%?g aﬁ'ﬁ’ﬁﬁggé%lrd’rt’élzw or stock
15 nuner ofis waRsrolt skordRatyasi e néﬁ)ﬁﬁcm&él!g?&a%r@%b FA8h G FemERD.
elimnate the need to grind and polish each lens blank to a particular
patient's pridassrtheotuer, abEratenscnd totlieytypes @f waniconsentioms reftuctieé ert@s t hat may
be needed tq] i as face shape, eyel ash

acconmmdat e tomd cal .issues su¢ :
| ength, etc. ,avsﬁﬁ%wﬁﬂgﬁﬂ%%mﬂmaﬁ% r‘i’!‘a?Bi‘W"g‘Yeﬂ"@&PP‘Eﬁllﬁﬂ the ey@wear SKU
coul d be massn e RehNe8 o 2R . l er of
SKU s coul d be rgdugged ferom moﬁb?%ﬁgh ets% a gﬂ?ll%%%gﬁllﬁgpff%&fﬁ%ase
of t he hybri dhehgeste comptrisete forthsse dblerfisnshaerothiragasf ach-todientiynator r ect i ng
for convgcﬂtio al.refractive error with the |ens optic and utilizing a

most |y cEht SFERFUNEEEPF B additiando thg eyerali myppiag Byparenia, presbsiopia and@uce t he
nunber of SKL: R ri 7,.,1lens 700 ca e rotated as
- needed to pll%{(l: %tgtn? gma |8n'ag|§]§£’,&bﬁgfﬁﬁgﬁ#e&fgg3lee§?r8'3§'i“feiq8?is. or}‘fﬁ%g{es%rﬁe
nunber of hyiwentioh emselbtiankaivebestttce it aberratRitid 08 thePatignt!sachifr (sjf&fterg'GO-

Mor eover, the el ectro-active zone of the hybrid I ens can provide the
presbyopi ¢ ©O5fratedibyrthe femseplig r educi ng by a factor of 9 the number of |ens
bl anks needed. Thus, a hybrid electro-active | ens enbodi nent can reduce

19 fromnore than 5 mllion to 1619 (= 49 x 33) the nunber of |ens bl anks
needed. Because iThu§HYr BeniflasRaRinpd¥s ThRE&idrofT8SS d ;ﬁﬁggée and/ or
stock this nunber of hybrid I ens blank SKUs, the need r grinding and

pol i shi ng masAued &n p gentain elbctrjavieve divergest, leny tormbrmegt awehrertd mgbpingIn

i -finished hybrid I ) ks i inished |l e bl ank i
IR PR T S SRR SN NIV E R I
sem -fini sh?ﬂdlaga§ t@é@f@kﬁggg)%@gﬂim&nﬁg}g% r%?péfracgglggq'f_wl gjr]}?clql réigﬁs bl ank

2800 has a l'ens optic¢ 2810 with a finis ace a®u ed
surface 2830 edemtropaqtiae fénala fovesr df 8. 8 dibptens t Huwelddy@ita@dénentdinahot her

enbodi t, 10 sem -finished | ens blank 2800 can have a full field
el ect r o-act BUE 3TAY B12Y IR EGR P mIngg Pr59-updtsichangetin theirindexgt,. . Ny

i -finish | - | ti-qri ingle int t.
Further . son o Raptollodibc ARREATfor e conf Elordl realfi et The pRAT©
di ffracdve wvolagaciceratiohs astespondig toathedeltbahiydarit eppledttd thenProphibiel i

enbodi ment of the_ el ectro-active |lens, 15 a significant nunber of needed
correcting PrEEER:inhrddivien ofhe basegpyepizgomertingusitagészed by t he

el ectro-aetive | i C -ad] ust ed and controll ed by. a controller
that has been cugf?grr%\é{(z]%d&é%g%’rg&b oé#d;%w%’ﬁmf 3 PHeh ﬁsaqqsﬁh@'fgr%‘i?éci fic .
prescri @i oconvesticnal Teftsdtivé BEomBubh bONeghiar REESRAHRT I0RMEr RAYcRILTEr OUS | ens
styles, single vision |l ens blanks, as well as the numerous mnultifocal

seni - f i ni shetsgrkepsiencuel afies examplbaheteal biygeon thedied of the chbaeh, thedisht | ens
and frame ngnuf ring and distributiaon, as_we know i y be

revol utioni ze .CE%% $hit g‘f‘e&’ BEERYt Erst ’eﬁ’ﬁ'ge frﬂ’{}"e?f{ha\é\fﬁoé Wg?%é’élabjé’ﬁh

non- hybri d 6l iPre@GhliM8s, or for other aberrations caused by the ocular refractive system




| enses, as well as full and partial field specific hybrid electro-active
| enses that are either pre-manufactured el ectronic eyewear (frane and/or
| enses) or custom zed 25 electronic eyewear at the tine of delivery to the
patient or custoner. In the case of the eyewear being pre-fabricated and
assenbl ed, both the franes and the |l enses are pre-made with the | enses
al ready edged and put into the eyeglass franes. Al so considered to be part
of the invention is the programrabl e and4re-programmabl e controller as well
as the mass production of franmes and | enses having the necessary 20
el ectric conponents which can be prefabricated and sent to the eyecare
pr of essi onalltsglfthe elegiroggtive wiiaetor/phareptenis used asprdingtoiansmiiodanemofof , f or

exanple, a e fr.aller r.,pne or nore controller conponents)
for the pat ﬁ{éér)l?&s breg%rgér)ﬁ%&’f’gﬁetqoﬁ]agcbgr‘ﬁzﬁlﬁ' ases the controller, and/or one
or nmore control | &5t KPP efthéa &ﬂﬂe&%u@ﬁ%fm&&r,hﬂ@le@ﬁd&am%ﬁ&&&r }?a@irie%/a”e

and el ectro-active I ens assenbly and then programmed at either the ecare
pr of essi onalboth einventienag andelectireactsietlenses] loe an elettr@hdtive, refaacdérdravipe or nor e

controll co nents,.can be in the form for. e le, of a,chip or a thin
film and%::a ng}(;aﬁ%{%%a“ieﬁe‘fsﬁ% "IFFEHB‘}” ﬁa‘ftﬂ'é ‘Sf‘ftélﬁégglp‘ﬁeﬁsﬂﬁe ons’S '@Iﬁg‘,:tl‘tﬁ on |
the lens of em?uﬁﬁg%ﬁ%ﬁﬁénal-mﬁgylf)%}srs‘ﬁlcﬁ% ﬁmirﬂﬂl% er ﬁﬁﬁ%ﬁ@%@@’fﬁ%‘%ﬂ 'hgr

conponents, can be re-progranmabl e or not re-progra

busi ness st (for bygeropes)ecyilimptieasipotveriand axis (fer agRatidvey dtgremOsvidrolenr |
and/ or one or &Br thclont roller copponents, is re-progranmable, this wll
al |l ow for tHEGEp S BPgrAnPHRAChS onsrveillgepwhatds kpewmipday as thepgtiert’s he

patient or GMsA AHE&S vi ' i r.her eyeql ass. franes as well as
the cosnetic apgggaérgrﬁgaeﬁgﬁ@y)an‘%& %n%n%?%&gPP%%Yeg’gﬁF@vgcﬁ%e | enses. In
t he casdOof Howevegictedin eidbedindmdoftthe thveibrMivv for 8hpeling-chetsi Wsiohens

enbodi nents just djscussed, the | enses nust be structurally sound enough in

order to pr8exend what leday’s eamyentigingl sefipetorfphorbpiersivgt aghieeet . I n the United

St ates, nost 20 en nmu a a F requi fed,inpact test. In
or der St 0 mfget t hgé?g?@%u%‘?%ﬁg‘fﬁ?r?}“s‘%%? P‘F??W(S&ﬁlfmeg?l aﬁ“easl B F‘P“Z‘E fucri ue
i's built inhon-@snwntibAad th@isive Way! Nesie5 8 0, Fhe ﬁ@?cr@l'lgﬁ,i\ﬂli@/ Rébrdpiisfed S

acconplished, for exanple, utilizing either a prescription or
non- pr escr i s e BeIAG ieprogmimmedintabe electoaktivemfracapt | Thegmtiantsisr uct ur al

base. Fqr exanple. t.he siruycriiral base for the hybrjd.type can bhe nade out
of 25 ngyCBFQ%gﬂgltJB?*nPﬂec{tﬁgo%@é"%ﬁl tﬁﬁéeﬁ%aﬂyﬁ#?lﬁq 4ng 3 multisgridi n

embodi Ment S elebiie:a0k ACkARNAE ity § nfBRRL B SEIERD ARG Bl BGATeAGROUNt S
for this needed structure. In other enmpodi nents, the non- pr escri ption
carri er basenabyzes,uikich avtenmatitallyvineasrds peecideBcthe fefbetivy eremtRiid al i S

posi tioned ae\%%ount s for this negded pr ot ect.ion. m When utilizing
el ect r o- act [RFEUEHELL Heaspiement peteqts ardquantfisses mpsh noppeanyertinniahns, it can

be essenti a s [ r+chi r.rectign when a.power
interrupti Oteﬁtagtl\ﬁéeﬁrggﬁ;ggsrsgbggu';@;ﬁe%ﬁﬁﬁggﬁtdégig? 8‘5"%%%’?980r W ring
fai | ur e20i nappooxinmitdlyd129anm, idrgataldrda bfeadh SRetrd Absve [End, RiWEAr er was

driving an autonpbile or piloting 5 an airplane and their distance
correction $empicaily cpmpytiag dhe nesessarycressription: tosachiee therbestfocuseonithei gn of

the el ectro j ct acl e J.enses. can.provi de fqr the, di stance correction
to be mai nttg?(ré]%%%ﬁ Zlgeel%eég%lé@tw Ie the Pé}éepnﬁgﬂB Ipg tropghhe igrgeted agepiofn (¢ he
| nact| vat edherlenpautvetin! Bhed tid RedlraUaOH HRR hBhohRbivdgal f on. this

a

can be acconplished by providing the distance correction w
convent i -onaforfertien s eibar stoed|in thgt dontrpllériprogvasiniee mentorp fordfunueé nscériive or a
diffractive_hybrid type.. Any.additiongl add power, therefore, is provided
by the Ee% ec %ﬂﬂf&%ﬁ%ﬂf@%@ C?‘FFE&I?H g"af 8‘?’}‘[‘5%@8 eleckprapvelensese Thist em
occurs, becsustrskhg rgﬁg@%}g&gleyésens optic will preserve the wearer's

di stance correction. FIG 9 is a side view of an exenplary enbodi nent of
anot her el ect r o-Atstew §20,3h¢ patien06Owkaw iogv mak anthe@pRpii6n Sk thhat ai S i ndex

mat ched to an elloectrg:g%ct.i\@ | ayer 920. In this illustrative exanple, the
di ver gi ng | CREOOHI whshgvillallomifem io firthex reftnerths sanventinmal refraciveetrares

di stance CQLHeEtdP the ASd-anRed . [c 910 is the electroactive |ayer
920, which can have an unag't% ?t\l/%qt%%ate?}s;t%%feg%&oér?angc%&nﬁ%? C%?g‘&ﬁtt“?‘}/ ed states.
When el ectro-active layer 920 is in its unactivated state, it has an i ndex
of




20 refraction nz, which approxinmately matches the index of refraction, n,,
of lens optic 910. Morre accurately, when unactivated, nZis wthin 0.05
refractive units of n, Surrounding electro-active layer 920 is fram ng

| ayer 930, which has an index of refraction, n3, that al so approxi mately
mat ches the index of refraction, n,, of lens optic 910 wthin 0.05
refractive units of n,. 25 FIG 10 is a perspective view of an exenplary
enbodi ment of another electro-active lens system 1000. In this illustrative
exanpl e, electro-active lens 1010 inclusdes a |l ens optic 1040 and an

el ectro-active layer 1050. A rangefinder transmtter 1020 is positioned on
el ectro-active layer 1050. Also, a rangefinder detector/receiver 1030 is
posi t i oned bew, andthup thedinal presiripien, t0isdr liking aAltainatyeintdnie addigignghbodi nent ,
ei t her tra%rga;et errf1020]or refei .\£er .i;OBO can be p}ﬁs'ti oped in.electroactive
| ayer 1050771 Ot Rer 2t SFHET Ve tHOH SoBif ceses St HBPCPURERT T i%r 1020 or
recei ver 193oraa. D tRePolnt CRGH l'd\le@B\Q(‘ferﬁ'bsp&EhiQ%e&Wan RAlalgle

enbodi nents_either transmtter fOZO or receive 1030 can be positioned on
out er coveviamgnventmnaltedmiques,rwildre)achievest her enbodi nments, 1020 and 1030 can
be positioned on.a nbi natj on of the preceding. FIG 11 js a side view of
an exenpl ary eng‘éa{]eﬁéﬁﬁ WE“&‘F?&E@IW&‘%‘F%‘F%’?Q@“‘I nfotheo. |n this
illustrati LEhS kfectro-4 i» ' n ion. Etched
on one sur @@%ﬁ%ﬁ% opt ilsgﬂ%bllo é&(ﬁ% ﬁa%?%&gb%%[?téfﬁ%gi‘gg&é 10 havi ng
an i ndex oprogeimmed electro-activeApeaadiescare dispemsed.opti ¢ 1110 and covering
diffractive patm | 20 |.s electto-actjve [ayer 1130, which _has an index
of refraction, 'FP’&ﬁ?ﬁi‘%&?‘ﬁﬁt@&tH{OPgMé%P@F%@@Gﬂ@eﬂiwtpﬁg?@ 1130 i s
in its unagk) t . t k is fram ng | ayer
1140) whi c%ﬁﬁiegﬂgl??%c@g%ﬁéﬁﬁe@?gﬁgﬁ%g’{ +f§%}?° %ﬁ% i"gdg%'%t%gt +rens optic | |
10, andOwhapggromh, heraerous diffepat batFinilarappRidits cBhiUeRed S dotect] ayer 1120. A
covering | 150 is attached over electro-active layer 1130 and fram ng | ayer
1140. The ®¥apHfy,@nd/eyeorrect ane’s sision usingiselelnelestrosntivenelpictoraipboroptare 1110,
in which c 0 . I dad hquwever ens tic 1110 is

fabri cat ed@g%%g%%aﬂﬁbgln@ﬁw@??@%@ ‘Fb&&“é%??do-ngé‘?%é“}‘é’ & 1130. FIG
12 is a frssuentdesibiat wilikelhieledi?o-actiiediratkdphofiptéd lo QXREPhAnifg0 enbodi nent
of an electro-active lens 1200 having a nul'ti -fpocal optic 1210 attached

t 0-an el ectdferLermegteonersavisian, wheplar in cagunction withs: wavefont andlyzer exactpl )

mul ti-fecal optic 1210 Ls of a.progressive additian |ens design. Moreover,
in thi 29 i P8 r“é‘f"F%Ba‘gﬁgﬁﬁsﬂ‘é‘fe“ -t\gclffe&‘a?l%o‘&t‘ie&‘a’fﬂbcthe |~‘=H§>é>§ﬂ’éeﬂft?:r st
optical redtsm@10aRrdugh 850 &9 Be perk: i - ' ddi tion
optical ref r}gscti on fgcus zoge f2|§@%ﬁ?§%§,§§q?§d1§%@%???'?¥%0§| optic 1210

i s el ect r odifferany sequengel (Fyrthegymore, iR 20ibbdimieny ofveredin othiep iraehtive r egi on 1222
that is pos}a‘tshiogine E:Cover Seco optical refraction focus zone 1214. A cover

| ayer 1230™ tﬁéﬁft‘?d(ff%qg-d&‘? ns, [ieRd 1o imstem §19 wyathinsherange ok houl d be
. noted that (] anrfe@é} i . rQo- ' .

_non-el ect t%t{ogg%'ibve. V\%g}rﬁq%{ﬁg rantgl? g%‘ﬁ{t g@éﬁﬂﬁég%fselgtd?%@g%ﬁ%{g! B 0nﬂs“?jrl ating
mat eri 20 iisvertiveiendbodinverits) shdl tatgetcdheeaaath by ahpshere Frogi abduf oM t he

non- acti vat qgmgegi on, In nost inventive cases, but not all, in order to
progr am t HBUEMSteRy 19 digmetoruntoshp area phthe sptiledensone’ s vision to its optinum

thus, correctin - tal | Lefracti errpr it is necessary to
track the Ii ne-%lftﬂ(g'l{ hﬁﬁﬂg S%[e}%/lsg% Heage Sfarm%’?c%"%rage totnar(?ﬁ?ﬁﬁmt‘ﬁé“%ye novenent s
of the patvagiols firméRfeRtiroative iddkeb Slofe HENTRABIAYBN Wit \vabefaht €Xenpl ary
enbodi ment of a tracking system 1400. Franes 1410 contain el ectro-active

| ens 1420.2naveats e gerform the eye exanigatiogfof ghefuure - thereiiy andtherpoisiblity t hat si de
cl osesic t wear er' es, also.referr tq.as.the proxinmal side), are a
r ook 5 il GRtEsdeThSpEy Tinlgy St“_f‘@‘%&"&%”%‘?ﬂ"ﬁ‘? UEEMERESs thg| <o
att ached tpbtédﬂi@ll?@ﬁlﬁda@ﬁgﬁe xee!es@‘szpa%_eﬁtfsV&)rArﬁﬂzﬁcz&é%Pesg&?sctJraCk' ng signal

e

recei vers 1440, such as [light reflection sensors. celvers 1440, and

possi bl y doigrastion.1 ¥8@y of the inventize emtiodimeatsalestribet lard/of tlaimeahbsyein drbat
i ncludes i.n its msm)[5 i nstructifons tQ enable tracking. .Utilizing this
appr oach i'frepded o er ?(Y-th[%‘yl%ea? dneaspringRystens ayhether ebisgiversyligetines up,
down, i ghira dofftinadd oRBYmYVAr i ati on




15 thereof. This is needed as certain types, but not all, of

non- conventi onal refractive error needs to be corrected and isolated within
one's line-of sight (for exanple, in the case of a specific corneal
irregularity or bunp that noves as the eye noves). In various alternative
enbodi nents, sources 1430 andl or receivers 1440 can be attached to the
backsi de of frames 1410, enbedded in the backside of frames 20 1410, and/or
enbedded in the backsi de of |enses 14201s An inportant portion of any
spectacle lens, including the el ectro-active spectacle Iens is the portion
used to produce the sharpest image quality within the user's field of view
Wiile a healt hy Jermsugnew to ﬂs@lexppr@hvwmn@hwelémdsgwge@ab@veeﬂm her side, the

shar pest vi sua acuity . is located within a smil ler f.iel i, ew,
cor r bspond RUCPERAEOEF BresFtoRveTHEn CORTEHES 40 SFFHCTRetE SE RS AIPIORT (.

Thi's regi on yof hid\endwel ue@ua-acdveqm fit bdlPeilHRY B8of ﬁﬂ%dcﬁo@@ﬂﬂi LR Y @
circular region neasuring 0.40mmin dianeter on the retina Additional I'y)
t he eye i nagexgshmhmrscﬁjnbyttrt&mnghmd:ﬂm 1tarstmmt p epinbindiiomef e conwatibingd pupi |

di ameter wl| Iso af f ect tph il ze of the npst critical portion of the
spect acl el éﬁ’ge“ﬁi@“ P%%ﬁﬁ“f Rep! densiqptis With gt lsast ope elsgtrepeldyeqng located | ens s

simply the 1) t he
ooy ceti on of e oo LR CORNGr Ry BBl Bt eh AR FloHEC e
typi cal rangend amnsisting efja cdequpadtive intndria having tliedmcessiryt dledirdSadtive Wi th a
nmost common value of 4.0 mm_The average fovea diameter is approxi mately

0.4 S nm THeaps/igicharsefanselectricallye g corain embrdimeniseef the fnvspien.dbe di nensi on

onto the sp ) {68 t ength of the-
ove. the aof EEbREatiee lpBlREALPflabts AUEH R HERS] S SR ehlack OO D

system oft t Rbscas®aatface 6f theVeiith peotedtOfbiRBfatdHes Bnd S8t ASmidlvedd egi ons of
the electro-active lens that correlate to the eye novenents relative to the

fovial regi mqmbosineethe@meslepgmanave ZFivieds ms:ludqrﬂes pam of the frang commeant i on' s
software i s r.anmme ct for.the,. conventi onal

ot racttve. STFOE DI pise BFHAD LAt contit s B e SIBhayep 4 the
necessary i BodRftiondpshglRQfisiéh lens bw%ﬁoeﬁﬁo@ﬂmhfs%atléngm&m%%ierc&sl for
non-conventional refractive error to electro-actively 1 S alter the area of
t he | ens t hattivelzen¢ gives the tetablens pmgmfshm@:mﬁhmgﬁm@ tBwe nen-hgbiiid kat e t hei r
t ar get gaze. In rds, in this specific | ntlve enbodi nent the
vast n’B.jO] ori Mpaga 'F%W@P@&mqsc%eq%‘ YBPSHyCE00% of IS EERETIYS BRYART 1
refractive ggd c:ﬁbq B%&g e targeted el ectro-active area
focus rmvesgase%vtve %gl%mﬂ%l héegﬁyggc lP’ng system and software to correct
for the non-convEbhGi ‘bmaifrdnftfvli@c,tamﬁeFIGf 85 a s€ctionkiievg takeh alarpddieni-A, lbg angl e

-1 n which the I|ne of SI intersects different sections of the | ens and

factoring t AR gmpodis amq&ampbnebxbnq)fip%rrp-ﬁ@rvqsna@w@@hfwﬂ 0@. dntds | n nost,
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occupy all or a portion of electro-active layer 720. Also attached to lens optic 710

and at least partially surrounding electro-active layer 720 is framing layer 730. Lens

optic 710 includes an astigmatic power correction region 740 having an astigmatic

axis A-A rotated, in this specific example only, approximately 45 degrees clockwise

25 from honizontal. Covering electro-active layer 720 and framing layer 730 is an
optional cover layer 750.
As will be discussed further, electro-active layer 720 can include a liquid

crystal and/or a polymer gel. Electro-active layer 720 can also include an alignment

layer, a metallic layer, a conducting layer, and/or an insulating layer.



2S used, is utilized to both calculate the range of near point focus in
order to correct for one's accommodati ve and convergence near or

i nternedi ate range focusing needs. This of course is programmed into the

el ectro-active eyewear controller, and/or one or nore controller
conponents, as part of the patient or wearers' prescription. In still other
i nventive enbodi nents a range finder and/or tracking systemis IS

i ncorporated either into the | enses and/or frames. It should be pointed out
that in other inventive enbodi nents surrh as those that correct for certain
types of non-conventional refractive error, such as, for exanple, irregular
astigmatism in nost but not all cases, the electro-active |enses do 5 not
need to track thenpdtermative smbadiarast, astigyatic darrechips regisre740hie ebmaragdd

el ectro-actiye |ens i roqr d to correct for this, .as well as the other
convent i on3l %?telF?sa?Rtlc?el%eﬁD%S%‘qg‘?er Stph%rei?gf‘ieéﬂ’i‘l}’ : iP@B‘,’"hE’i aliedaliBerrati ons are
directly rahdditleiichlBpt #10 Bh QrtkeHof Eithds bl MiSiaREE odflREALE L AL L hey
can be corrected in relation to the view ng di stancé. That I's, once the
aber r at i onbash, aadany aoit ofi sohautonat esfracties enrerg incliuding sphesis) dyliadig correct for

these aperrations in the el ectro-active |ayer by way of segregating the
el eci r o2 ach'NH e@d@q{sasglbergseq%s. E‘f‘?‘S@tH’(?tlFXFéI%O(%F plse corest ?‘ﬁﬁ‘@?fr ations

for specifdigaflieS AADGERHT AL @&nﬁbﬁﬂ%¥ §hﬁpsudh%%%@ﬂoﬁ§.elnvd&? [ON, and/ or
near vision. For exanple, the electroactive I'ens can be segregated into a
far vi si orgmbodireentsdilete-actise tayer Z2canadtrevi iyadrtlofToawntionilioy fog-ones, each
the software control Ling each zone causing the zone to correct for those
aber r at i orf@nY$tongl zsfragtveraror apd lens GRES AL ancsarregt fir somyretionather ef ore i n
this speci Efrﬁcti‘)g‘éfr'fﬂ'i ve enbodi nent, where the electro-active layer is

segr egat eor for ditferent distances whereby each segregated region corrects
for speeific aldehishdenmiscoterad thacan tleirala&iv@ress hdving ShyRsi bl e to correct
for non-refractive error without a 20 tracking nmechanism Finally, it

shoul d be §9BtHHcEAN gppropeinbasicerainclisinet advantages/eves thasof menn-hybrid leps.possi bl e

to acconpl+ [ ion of the non-conventional refractive error, such
as that ngath}g%aﬁén%%té{ ?elg??‘g?{se?ec\ﬁ]‘faﬁgﬁ?er f’éﬁﬁa:"fir @m SEFnYPEthe
el ect r 0- ataitws ltfegkpéaﬁanag,dauf doRipiéx dledifildi R cuitty, FdWiet BRRRENTE A er USI N the

viewi ng distance as an 25 input, the software adjusts the fdcus of a given
el ect r o- adegwatomsy losver manufactuning fcosts tihareased optital dransgererey, dmirinaraasether r at i on
t hat | d, ot.herwi se..i ct the vision at the giv vi ewl ng .di st ance.

o b Ao St

Fur t hef rorSUChifal IUEETiy, Fogever, fapusi be mated thatinop-hy PSS OSEU YRS 65 br i d
el ect r o- agiaby thelr@Wn §eBf Bfvad E.Q'i‘&‘di'u&ifi?%féﬁ\é@ecﬁthﬁ at'__egg{%?';{gﬁsw a partial field

effect. By 26 full field effect i1t meant t ectro-active | ayer
or | ayers mapuacturing. vast nmajority of the lens region within an eyegl ass
frame. In the fielg],éthe entire electro-active area can be

ase of a full C
adj usted to thgtaé%ﬁ?setlf’eﬁ vergd that both thy nom-hyhrid, apd én samect i ve | ens can
be adj USt eghph@inRRY] vty Lol . il i el
525151 o e A RO RO 0 LA - o

el ectro-active specific lens
to the2ti moass tayufaemdied of @ veBkkimited perhbéradlf SKIG (St6EeK bépife Uhils)biRncase of a
full field lens adjusted to becone a partial field |lens, a partial section

of the el é¥i5dmple thaeledrmsaciing siwuctury designiutilizednsthatof 2 maltppiér . FIG 15 is

a perspect, Vi exenpl ary .enbadi t of another 10 el ectro-active
| ens systtglr%_\é%gé‘b: St ar‘r:eﬁge'l {gl?sc%arsl ’é‘l‘H°@ﬂé’§fyrn%‘?‘é%‘ﬁ‘w1”§ﬁ%a'§sslszp, whi ch
have a pamidnafachirialgdo 5638 pribfail Pok R AsRRed PunftRFBRRIRShtiakd Feand@s bifch®
perspective view of an exenpl ary enbodi nent of yet another electro-active

| ens syst apfurgamre ang sizg for thel wiearerss dnatomical compatibility.

25 To understand the significance of this improvement, one must understand the
number of traditional lens blanks needed to address most prescriptions. About 95%
of corrective prescriptions include a sphere power correction within a range of -6.00
diopters to +6.00 diopters, in 0.25 diopter increments. Based on this range, there are

about 49 commonly prescribed sphere powers. Of those prescriptions that include



exanpl e, franmes 1610 contain el ectro-active |enses 1620, which have a full
field 15 1630. In certain inventive enbodi nents the nultifocal

el ectro-active optic is prenmanufactured and in sone cases, due to the
significantly reduced nunber of SKU s required) even inventoried at the

di spensing location as a finished nultifocal electro active | ens bl ank.
This-inventive enbodi nent allows for the dispensing site to 20 sinply fit
and edge the inventoried nultifocal elecisro-active |Iens blanks into the

el ectronic enabling frames. Wiile in nost cases this invention could be of
a partial field specific type electro-active lens) it should be understood
this woul d wan &stigovatisml dorettednd abdus G5 ofa orithie tHegangef -4.60 dedpters tant one

hybrid embodjment of the jnyention, i onal _single visjon ] 25
opti ¢ bei ng SPOSBERIE ORSTBRebRCiRgienlss Hastd o tRATRRe R H5 OHCH ¢
surface for eqfmghl iﬁ&c%e@mgmmbi(&rqﬁaéerﬁ;&p&e! BeSlusS Wifeffafisthhalkh | | 2ed

to provide the distance power "needs. I'f astigmatic correction Is needed the
appropri at e poseomponegt,howieserptierears abpiti360 degrees dfassghaatads and rotated to
the proper astignmtic [ S | ocatjon. ce.this is.done the_single vision

| ens opt i% c?fﬁ?”ga‘YS’QS’e‘H@é afeotypr[cplﬁy Bﬂf’é‘%begé“#tdﬁﬁée geygments. nTléﬁd%ﬂezaé‘? The

el ectro-actiyg hiavkht %ﬁa j€d on the single vision lens optic
or the el ectro- actf\e\ﬁ}eg# e}luc%gfr% IE%GQ €+[%s'ed prior to edging and the total
lens unit can be ®ibgaet,ahany.préderiptions iicloge pbifodad dompdnehhtconerfoedgi ng

whereby the el ectrpoactive layer is affixed to a lens optic, either a single
vision or mireshyspiy Qf these preserighions hatdive @ presbyenic eerrastignapoutgs”s fall

el ectro-acti ' L ver .gel be advani ageous over a

i qui d cryst SiBShERgp of 118035 3 0B 8 20 preaBis Bl ERD

conpati bi@ tessitispid s5ouby chmmdilly Piebdrved presbfsinigbwases known in the art.
Conpati bl e | eas ggti cs are optics whose curves and surfaces wll accept the

el ectro-active | ajeqauggs sms embadimentsof thetinveitipoican proidsifobspheiicad,
aest hetics, arl'%/ or_.pr oger fi ngl l.ens pawer. For Ex&ﬂt}gl e, adhesives can be
utilized appPyAPAgealias #rd STRYQRIE EUT)ORS, oppRoR-BHand Sledto-agtiye {ens £af ay i ng
down the el agl¥érhasirnedgh ; - 1 e
manufactured so it 1s httgﬁgé{ #oﬁgﬁe;élbggg%?ﬁtpﬁs?’?tm?c H’%:(sgg%&ﬁ%h can be
removed and hybaidiclectroehctivt bmis van gliminatelthe hesdsto apdss mandfastore ard/aratodke

i the 15 carrier itself is attached

attached,to two-way, fi C jer of whic
adhesi ve]%/ t’B"‘?%@“%&F%*’QB‘E SEUSFG‘? PG,ng%terdawowC&pm dupingtethe i ng a

Sur f aceCast ifagdt, ' i ' ; ? ' er is created
he s tu Tn B B ot el HLE anl BARG e p B FrRE SN ot on
of a static and rBnacoahi for tepracianhlens cursgdres that atayHeyneedri 6 m d and near

point vision 20 needs, a nmultifocal progressive lens 12|10 having the proper
needed di st ATERMEWARIE Appriomica dssHessusl as fase skapargyielash lgnptho RicnsemEyhatl . 00

di opter of f _ kS ub il lzedoin: | of the single .vision

| ens optic. (I'r)lljeuﬂ |a‘|5nze%11)gl% S eé%%rgaafchg%fen? F?gt]efoéliﬁ’%mgﬁst‘?’%uf? «f?j 1220 can
be pl acezd orndidricked. dNewdrthefees, The diinkies 8F SRUPHEAAS bY feduaBHORhTlioRS WWel |
as buried inside the lens optic. This electro-active 25 layer is utilized

to provi de floabeutdiveiosdess. add power .
In the case of the hybrid electro-active lens, it has been discovered that by

correcting for conventional refractive error with the lens optic and utilizing a mostly
centered electro-active layer, it is possible to also reduce the number of SKU’s

25 needed. Referringto FIG. 7, lens 700 can be rotated as needed to place astigmatic
axis A-A in the needed position. Thus, the number of hybrid lens blanks needed can
be reduced by a factor of 360. Moreover, the electro-active zone of the hybrid lens
can provide the presbyopic correction, thereby reducing by a factor of 9 the number

of lens blanks needed. Thus, a hybrid electro-active lens embodiment can reduce



When utilizing a | ower add power in the lens optic than required by the
overall nultifocal lens, the final add power is the total additive power of
the low nultifocal add and the additional required near power generated by
way of the electro-active |ayer. For exanple only; if a multifocal
progressive addition | ens 28 optic had an add power of +1.00 and the

el ectro-active layer created a near power of +L0O0 the total near power for
the hybrid electro-active |l ens would be +2.00D. Utilizing this approach, it
is possible to significantly reduce unwanted perceived distortions from
mul ti-focal |enses, specifically progressive addition lenses. In certain
hybrid el ectro-active enbodi nents whereby a nultifocal progressive addition
| ens opti c frem mark thaad, milhen tol 16d © (548 xt33Y thel rawprdrer pSlens blankenketied.subt r act

out unwant asti.gnmatism This is conpl i shed, by neutralizing or

subst ant i al ?Fa'r‘s&dgg’iaﬁﬁef??éo'ﬁ’h\%’aﬂﬂsé@feé@ ﬁﬁﬁ’tanfﬁF%Fﬁ%ﬁéq{S %‘éh‘éct ro-actively
created ne I &1 ROME! bISSOER b Q0450 8 Vdil he | ens
where the %\;\%ﬁtggﬂ%’é asti%lmati str??’g'%(l% gts. *%%dééggﬁlﬁéeﬁlé}feb%nbodi ment s

decent r at i eghnofiatethe partial field i s needed. Wien applying a decentered
partial field elect Fig-acti ve layer it Is neges_saé}/ to align the

el ectro-active INS¥srthelasss grnding gnd pelishing semirfiashed byhsidjeaplanksdntoymat i ¢

axi s | ocat iggys j A S QRens the: . r correcting
one's 15 asﬁ%‘%t‘%@%@{s g%[ﬁ &:?bgs%blélﬁp ggewieﬁssagesegﬁ%g‘té@ﬁeﬁhg Ygﬁfggel ectronic
vari abl e pewhbodimeitdf a serhbAnishicidens blagtka2800n Ih diis embodinRUE SemAfifiRhed t | S

necessary with t eéoartial field design to align the ggzirtial field | ocation
to all ow f&‘?nsﬂ’rl@g‘e? 09d@s Adeng opia 291 O dimished spcfasg 284Q anqinfinishedit j ent ' s

pupillary . her di ver t _unlike conventional

| enses v\/ne;g g ezégpa{}?j(s:a gﬁ%é{ﬁ% éirerﬁh ?Cfu?)/giary%é?giaoﬁ gﬁr"@%‘éﬂ“’%"‘?‘é‘ﬁ%ﬂ are 20
al ways 10l acedi-finishedrys bhak DedORndACe & fisli fiblARER UYL IRyEA 2orebbar, USe Of an
el ectroactive lens allows for certain nmanufacturing freedom not avail abl e

to convent thinelectrarrgtive strastuteanf seri-fimisheddeny blanks 2809 cantbednultirgrid @f t he

i nvention, {he . tro-active region.is,l ocat ere. one uld typically
find the df$ %n@jée%gqnﬂf%tr %&ﬁ?{t %e“%éoh'ﬂst}?aé?"ﬁ%q?‘%?%ég? B 15Rdeonvent i onal
non- el ect r andvet Ui adiVelchada@eadtickens. For exanple, 25 the electro-active
regi on can be placed above the 180 neridian of the | ens optic) thereby

al | owi ng the nulle el she hydmd oritlss mom-rybnid embodenent ofi tembadtioyactivelénded above

the | Sgsmeri di gn a%.; th@ I gns tic. Providi.ng the Bear Vi Si on zone above

the 180 mefPHAACAG MIHEST R AESASH CPRCLIAR PHRECERIRAS can 9°§?§@filﬁpfifor those

P o BALAIRA WS Beragh O Rhs RAOGES iR AR AIBREAIREd v 10 Tr Ot
29 ng wth a ¢ ut er

or overhead of the wearer, such as worKi onp nonitor, or
nai | i ng pi contradlef thatrbas tvee cheanlized and/beprogsennidd far Bipabiyiy’s sheeifRct r o- acti ve
| ens or both the. hybrid full field |ens and for exanple, a 35nm di aneter
hybri d par PIESFIRYQN neefiss nEhus; the mi|lions pbprasqripliens apdurumeyqussiens gtlebef ore, can
be appli ed @bibhL; j ' 1 Sioh el i or

- pr e- manuf a?:lt gregxg&émﬂﬁ?ggﬁngﬁr}? c‘;%p i%"(s:ﬁ%:enga e|r#gs '{éﬁlélg?cr%g%z@%’vghﬁdﬁﬁ?ss hed

nul ti f @0al blaaksmial &8s Jomger hétdedruld fabtOmakt IBAOGIITEShY Mah@REmARE bkd Prior to
edging the lens for the shape of the frame's | ens nounti ng. is allows for

pr e- assenbfirBrutiopaasiwekeay ityray bsrevaiitionized. as wel | as being able to

i nventory stockyfni d edged electrqg-active |le bl anks, thus

al 1 owing for j y%ttShp{r'll_%{L %rﬁg te@ﬁ%ﬁ%@s’s’wgﬁﬁ’ﬁlﬂgﬁaﬁﬁmﬁ “%{HEYIET%‘?}E%_{O'B‘WVI& 0

di stributi Riisesi AchellbO il 4R pdARE BEIAHARE hfbRlelsctR-hithRTenstPitdt We! | al | ow
all optical dispensaries to be able to offer fast service wth m ni nal

needs for efdsspss-nantfapuredaléconniseyewens ffram@hid/oblensss) oscustomibedt urer s,
s, ,and their

retail £S, o at | nt.s,w&; e.consupers. Considering the size of the
par t1 ar> 1| SFHTOME Syereapathe s ok delery R pRient ohoustoero 1n Hechies 0
enbodi ment theRgbwbii®eRR frb-fbrichiel dnd REEMbIeT, B0 YR fHdifie Rnsa TR

pre-made with the lenses already edged and put into the eyeglass frames. Also

considered to be part of the invention is the programmable and re-programmable

controller as well as the mass production of frames and lenses having the necessary



di aneter centered or decentered round design. It should be pointed out that
the di anmeter size can vary dependi ng upon the needs. In certain inventive
enbodi ments 22nmm 28mm 30m) & 36nm round di aneters are utilized. The size
of the partial field can depend on the structure of the electro-active 20

| ayer and/or the electro-active field. At |least two such structures ate
contenplated as within the scope of the present invention, nanely, a

singl e-interconnect el ectroactive structzme and a nmulti-grid electro-active
structure. FIG 17 is a perspective view of an enbodi nent of an

el ecuo-active | ens 1700 having a single interconnect structure. Lens 1700

i ncl udes a | elgstriggomponeptowhich seribe prefabsiceted and sentdo theyeyecarg20. Wt hi n

el ectro-acti ve ‘I:sa. erl,17t20, an | suli?t r 1%30 sggarlat.es B acti VE[ ed parti al
field 1740 f PR AE o sfifs otey e frentiigns HRRIBHFT ol (o rmPle. & ngl e

Wi re intercopnpeimhddortRNae ahdof hite @hbiabifofldridothpoRerfts, TOMBE paHbittsy
and/or controller. Note that in nost, if not all, enbodinents, “a

si ngl ei nt er cor@®iont r octure has a single pair of electrical conductors
coupling it to a ,_ 30 omertﬁource FIG, 18 is a perspegtive view of an

enbodi ment of an U EERFESIHG EPqtohler 286{oT RS PREIOE FARTO/lefAmRPAeRtictr ¢
Lens 1800 i ngk psless e pRifaRFhdtbred Fin Sl ?&@-ﬁ%&g&%%édﬁﬁﬁ} W Ftheh820-

Wthin electro-active'layer 1820, an | nsul ator separates an
acti vat ed paptogemriedatctith@4be tyenareprbfeasionhlisaiteat somabehdr §iteel The or regi on)

1850. A plural iugé%aof é{)d re interconnects 1860 connect the activated field to
a power suppFSnEoHEnh ARYRLRRE U ME conplier spmppentyy cap ke ntheferm.dPanet ers for
the partial £y j i v, : tro i.ve.thickness
differenti al E#@J%’ggégﬁﬁ’?rggﬁitﬂefg h%&t%é%%&%gg%dtlﬁg‘ﬁ © ﬁ%‘@?’d{ ns%gglltaﬂecdr{eﬂﬁi on

when uti 110z legs,ar shniy lend oftthe eppahesds. eltRConRoR&! indForsdnelds e coftfolRe
mnimzed. This has a very positive role in mnimzing the electrical power

needs, as wePPMRRANCAlngBbeSe-PRISEmMmablgarinpbre-prpgrasnmaiebased upestheci al |y for

the single i ructure. . Thi.s i s not .al s the case, for the
partial el uisEONpRE e UbnEpe ) iR leant pdee B Foprsditef Bpfyor She or
el ectro-act i morsdontiblled BmpdRent) ¥reUproltaAfsh1a thisVElISIoWM BF BRNBEE ed

el ectro-active structure, in many inventive enbodi nents, but not all,

mul tipl e si ngpdating pEerdypressriptipescas longes thegasentiortcustemenischappy eithchisi t hi n
or on the.lens so as ta allow for |tiple el ectro-acfijve.l ayers_creating
f or exarrglse, °f§’ 8¥%ﬁ?as§%ﬁﬁeﬂﬁﬁwﬁl&%ﬁéc@é‘gﬁ‘%@%mw 6‘?‘} 5429%%.“1# i's
inventive exgeRteaddivkYensds ve+O. SCD singl e interconnect |ayers could be

pl aced one on top of 20 each other separated only in nost cases, by

i nsul ati ng | ayer sin theicashiofthedatter the npndiybrid ahd bi/tsriid electpouetivedams create t he
necessary refractive index ch n&%dfor each layer by way of m nim zing the

el ectrical nEBYSIPFIBHEL tiffuske pRses must bostssurallyyemd gapugh inodeire cases
o e nveriodibisahe b A ud Gt ASHdd b IR Rfed Sl N e out

in the inventi'on, certain e iments n tiple srngle

i nt er con2@ct eyelvemtlemseanustrst AFPESreqalted inSite fegt. ZRrderao PiRPHREE anmed
sequence to allow one to have the ability to focus over a range of
di st ances. PSAUESEER, & Is ipportagt thats synpgristuatuee ishwild into ot er thedensstiave

| ayers coul | eating.a +1.00 . internediate. focus to allow for
a +2.00D pr gé'g?“ége%??% @ggd ztifpr % ﬁ%gglggcﬁrﬂﬁﬁ%gg’afﬁﬁgxﬁﬁﬂc’t 'ﬁ"’t%ﬁ’%ﬁi ti onal
+0. 50D si ngl gredcriptib® onwtRcireripaibh Singledision or multifocal lens optic as a structural
base. For example, the structural base for the hybrid type can be made out of
25  polycarbonate. In the case of the non-hybrid lens, in certain embodiments, the
electro-active material selected and thickness accounts for this needed structure. In
other embodiments, the non-prescription carrier base or substrate onto which the

electro-active material is positioned accounts for this needed protection.




active layers could be energized to give the +2. 00D presbyope the ability
to read as close as 16 inches. It should be understood that the exact

nunber of electro-active layers, as well as the power of each |ayer, can
vary dependi ng upon the optical design, as well as the total power needed
to cover a specific range of near and S internedi ate vision distances for a
specific presbyope. Furthernore) in certain other inventive enbodi nents, a
conbi nati on of either one or nore single interconnect el ectro-active |ayers
are present in the lens in conbinatiommw th a nulti-grid el ectro-active
structural layer. Once again, this gives one the ability of focusing for a
range of internedi ate and near distances assuning 10 the proper

progranmm ng. Fi Waket ytilizing eleniee-arineranes i spebtadiedensesin esmtayn bybpid| ti - gri d
electro-acgive s ruq{ure .S, utilized eithgr is a hybrid.or non-hybrid |ens.
Ei t her way =180 hifY e Groabiodpe B L RIOPGR IS RRCR M E TP WESHBPRYES on with a
properly pmashpabies Mk fnséokals 8 URYGUET a AR OF Wefing AMUO I Rk OF nore
controller conponents, would allow for the ability tc>%ocus over a broad
range of isituetionsdt coudd berdisastmous dfi the aveeres wad Brivingan aseomolileirphieting

el ectrozactive,l ens bl anks that would al|ow for surfacing are also within ...
the scope 5 iitansiang it %ﬁ@n%coeweorbmlostei ThRrevntsugh Rbarisaces At or ed.

partial figlhRlaedifPofllerRubatal Lpb%& hiol; | rafull

field el ectroacti veléllpgyer ei S | ncor?o rat ggq\%m&t%ﬁg%%%gf&aeﬁrgﬁgﬂﬁ?gﬁ surfaced
to the corweettipredemgniaimedveedabe el2btré-actberdonenisanidtadDFE pbstibh@hyar i abl e
power electro-active field is |ocated over the entire |ens and adjusu as a

const ant SEREVREGPr BB%_E’F“E‘#\&‘H B\/@?"ﬁ@’%ﬁr‘g thirirratiops thisran pens t o
poormoria feettilihet B bl AailE He S b ACHS RANABHRentldhaPhREI RO TNt S

t he vari abl e power S over the éenti ens as constant

spheri ¢al iengkbpid)angehenititea Riratthe At Tidcive Byad iypg. Ahyadgilenalcal

peri pheral 2S power effect in order to reduce distortion and aberrations.
In sone ofaddpeweriinaeiors isprwided bydke elbetaactivegone(s). aFeus, pfaiksafe s correct ed
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electro-active lens system 1000. In this illustrative example, electro-active lens

1010 includes a lens optic 1040 and an electro-active layer 1050. A rangefinder

transmitter 1020 is positioned on electro-active layer 1050. Also, a rangefinder

detector/receiver 1030 is positioned on electro-active layer 1050. In an alternative



It has been discovered that the el ectro-active |ayer allows for the
utilization of adaptive optic correction-like techniques to nmaxim ze one's
vision through his or 20 her electro-active |lenses either prior or aRer
final fabrication. This can be acconplished by way of allow ng the patient
or intended wearer to | ook through the electro-active lens or |enses and
adj usting them manual ly) or byway of a special designed automatic refractor
that al nost instantly will measure conventional and/or non-conventi onal
refractive error and will correct any remaining refractive error be it 25
spheri cal) as%g&ati c, .aberrations, etc. This technique wll allow for the
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example, multi-focal optic 1210 includes a first optical refraction focus zone 1212

and a second progressive addition optical refraction focus zone 1214. Attached to
25 multi-focal optic 1210 is electro-active framing layer 1220 having an electro-active
region 1222 that is positioned over second optical refraction focus zone 1214. A
cover layer 1230 is attached to electro-active framing layer 1220. It should be noted
that the framing layer can be either electro-active or non-electro-active. When the

framing layer is electro-active, insulating material is utilized to insulate the activated




active visual field area needed for one's vision needs. For exanple, the
desi gn could be oval) rectangul ar, square shaped) octagonal, partially
curved, etc. What is . inportant is the proper placenent of the view ng
area for either the hybrid partial field specific designs or hybrid ful
field designs that have the ability to achieve 5 partial fields as well as
non-hybrid full field designs that also have the ability to achieve parti al
fields. Further it has been discovered that the electro-active |ayer in
many cases (but not all) is utilized h#ving an uneven thickness. That is,
the netallic and conductive suaounding | ayers are not parallel and the gel
pol ymer thickness varies to create a 10 convergent or divergent |ens shape.
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error needs to be corrected and isolated within one’s line-of-sight (for example, in
the case of a specific corneal irregularity or bump that moves as the eye moves).

In various alternative embodiments, sources 1430 and/or receivers 1440 can
be attached to the backside of frames 1410, embedded in the backside of frames

20 1410, and/or embedded in the backside of lenses 1420.

An important portion of any spectacle lens, including the electro-active
spectacle lens, is the portion used to produce the sharpest image quality within the
user's field of view. While a healthy person can see approximately 90 degrees to
either side, the sharpest visual acuity is located within a smaller field of view,

25 corresponding to the portion of the retina with the best visual acuity. This region of
the retina is known as the fovea, and is approximately a circular region measuring
0.40mm in diameter on the retina. Additionally, the eye images the scene through
the entire pupil diameter, so the pupil diameter will also affect the size of the most

critical portion of the spectacle lens. The resulting critical regioﬂ of the spectacle



Lens Assenbly Power++_Las Plus+Mre Plus+Mre M nusLess Mnus Table 1 10 15
S.V. or MF. Lens Optic (Distance Vision)E|l act r o - ActivelLens
Power Vol t age Changel ndex of Refractive ChangeFinal Hybrid Lens Assenbly
Power ++Mbre Pl us+- -Las Plus+Less M nus-Mre M nus Table 2 20 A possible
manuf acturi ng process for such a hybrid assenbly follows. In one exanple,
the el ectro-active polyner gel |ayer can be injection-nolded, cast,

stanped, machined, dianmond funed, and/ o4 polished into a net |lens optic
shape. The thin netallic layer is deposited onto both sides of the

i Nj [ [ | by, f | e, ttering or
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tallic la | t ns optic .and the other side of the
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i nj ection- or cas ro-active er. A conductive |ayer

may not be necessSkietypibalirande fbi the Sye's pupiPdiambefe? iDRoM ACOHYB SRR Siied oOr
sputtered onto the netallic |ayer. Unlike conventional bifocal, nultifocal

or progressifeStFIABES wahieod 4t0mmn dhe a3erage Siven dinomeser is epprovinmtelpddt t 0 be
positiongg q% ferently for different nultifocal designs the invention can
al ways be pl'aced in one common | ocation. For unlike different static power

zones utilized byrhefigpiesnyitbiomakiza BPiHeasVea's167cttel 35mEsfon onto the
spectacle lens is affected by such parameters as the length of the eye, the distance
from the eye to the spectacle lens, etc.

The tracking system of this specific inventive embodiment then locates the

10  regions of the electro-active lens that correlate to the eye movements relative to the
fovial region of the patient’s retina. This is important as the invention’s software is
programmed to always correct for the non-conventional refractive error that is
correctable as the eye moves. Thus, it is necessary in most, but not ali, inventive
embodiments that comrect for non-conventional refractive error to electro-actively

15  alter the area of the lens that the line-of-sight is passing through as the eyes fixate
their target or gaze. In other words, in this specific inventive embodiment the vast
majority of the electro-active lens corrects for conventional refractive error and as
the eye moves the targeted electro-active area focus moves as well by way of the
tracking system and software to correct for the non-conventional refractive error

20 taking into account the angle in which the line-of-sight intersects different sections
of the lens and factoring this into the final prescription for that specific area.

In most, but not all, inventive embodiments, the tracking system and
enabling software is utilized to comrect one’s vision to its maximum, while looking
or gazing at distant objects. When looking at near points the tracking system, if

25 used, is utilized to both calculate the range of near point focus in order to correct for
one’s accommodative and convergence near or intermediate range focusing needs.
This of course is programmed into the electro-active eyewear controller, and/or one
or more controller components, as part of the patient or wearers’ prescription. In

still other inventive embodiments a range finder and/or tracking system is



36 noves and the head tilts to utilize such zone or zones, the present
invention allows one to either | ook straight ahead or slightly up or down,
and the entire electro-active partial or full field adjusts to correct for
t he necessary near working di stance. This reduces eye fatigue and head and
eye novenents. Furthernore, when one needs to 5 |l ook to the distance the
adj ustabl e el ectro-active |ayer adjusts to the correct power needed to
clearly see the distant object. In nost cases, this would cause the electro
active adjustable near working distancs field to beconme of piano power,

t hus converting or adjusting the hybrid electro-active | ens back to a

di stance vision correction |lens or | ow power nultifocal progressive |ens
cosecti ng Wicerparaees gibarinto the lensoieansyor frames. i s not al ways the case. In sone
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could cover thé entire single vision or nmultifocal lens optic, at ever

si ze area eorofitheepatientr equi red of either one. The 20 exact overall size,
shape, and Iocg“éon.of he el ectrq-active |l ayer i.s constrained only due to
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f urt henOr e mee theeabewaiyneotiabyrrations Ihavé beuni ifigasafeddie & piissibly totdderecafsent i on.
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vi si on or Wesepemations iuthe elacptactye lyen by way pEsegesgating theredeqtiomagtivee t he

nunber of : I I d tivate . l,ectro-active

| ayer. In lgs;3 I%EH?%n%‘ggie%ecﬁ§%?t?‘geﬁ§&?€c\g?%lae§{r$% stg%srpgglr%gdﬁ?t';%cﬁs X% %e entire
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37 This occurs due to the change of refractive index of the el ectro-active
material , atHVeleng eanchessgregated intp adanyisian; intermlediotermision,sindtriear wbioot r o- act i ve

| e diff t b i ddl e el ectro-active | . Th
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or non-hybrid lens. In nost,
this specific inventive embodiment, where the electro-active layer is segregated for

different distances whereby each segregated region corrects for specific aberrations
of a specific distance, it is possible to correct for non-refractive error without a
20 tracking mechanism.

Finally, 1t .should be pointed out that in another inventive embodiment, it is
possible to accomplish the correction of the non-conventional refractive error, such
as that caused by aberrations, without physically separating the electro-active
regions and without tracking. In this embodiment, using the viewing distance as an

25  input, the software adjusts the focus of a given electro-active area to account for the
correction needed for an aberration that would otherwise impact the vision at the
given viewing distance.

Furthermore, it has been discovered that either a hybrid or non-hybrid

electro-active lens can be designed to have a full field or a partial field effect. By




but not all, hybrid designs especially those not utilizing a diffractive or
Fresnel conponent it is inportant that the electro-active |ayer does not
have its front & back curves parallel to that of the single vision or

mul ti focal sem finished blank or single vision or nmultifocal finished |ens
blank it is attached to. One exception to this is a 10 hybrid design
utilizing a multi-grid structure. It should be pointed out that one

enbodi ment is of a hybrid electro-active?fens utilizing less than a full
field approach and a mni mum of two el ectrodes. O her enbodi ments utilize a

multi-grid e ro-acti.ve | ayer rpoach to create the el ectroactive |ayer
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a maxi mumof 0.02 or 0.03 units of refractive index difference between
adj acent ar e2diusteditobecome g pariakfiplddensy a partial sastion of te etpstre-astieclenscanct | ve

| ayer s havi r&ﬂi}js{eﬁrtgqﬁeg gg&ﬁg{v tive structures such as a

singl e-interconnect structure“and/or a nmulti-grid 25 structure, which can

react as needed QIR ISTieagapettive viewat i Linglagichbamich b fuppd focusing
power. For exanple only, one could correct for distance power of a full
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- layer to focus ange utilizing a partial field specific
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apparent that utilizing this nulti electroact ayer approac al | ow
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energi zg st hgggal | at one tine) to generate a sinultaneous variable additive
focusi ng power effect. This variable focusing effect can be.produced in a

time |apsed sequémcertaisinvestivoembsdiarhtsithe multdotdRBewb A6t Gdiciepds and
near vision rat'kage f@(?glgﬁj ng needs as one |ooks fromfar to near and then
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el ectro-actiyve:lay. oallows, for. faster. el ectro-actjve
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| ayer of multi electro-active |layered | ens. Al so, because a nulti
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to both2si dgsicbeifloPAsphed Ll gn! of holBFhdrR dedighBang a toric surface for
correction of astigmatism and a spherical surface is utilized to provide the distance
power needs. If astigmatic correction is needed the appropriate power single vision
lens optic would be selected and rotated to the proper astigmatic axis location. Once

this is done the single vision lens optic could be edged for the eye wire frame style



“nmetallic layers 1920. Attached to the opposite side of each netallic |ayer
1920 are conductive layers 1930. 25 The el ectro-active |ayer discussed
above is a multilayer construction consisting of either a polymer gel or
liquid crystal as the electro-active nmaterial. However, in certain

i nventive cases both a polyner gel electro-active layer and a |iquid
crystal electro-active |layer are utilized within the sanme | ens. For
exanple: the liquid crystal layer nay be utilized to create an el ectronic
tint or sunglass effect and 39 the poetyner gel layer may be utilized to
add or subtract power. Both the polyner gel and liquid crystal has the
property that (its optical index of refraction can be changed by an applied
el ectric vedsge Theglecapastyeolayer qoudd thae be rpplied ondhesingld visyontlens near | y

FiRECEPEr e 340t toukl e be el one boreiems nean
depost ted SREHAN HeREPARe R Fab BF oiib ol RuBumomadts ki1t ¥ifct i on to

these |ayeésﬁa-be\/é'ﬂ§6d fatefOltsA6RIdIbe pRRREd St (B BF Sddimiewhieb s MRducibve | ayers,
an electric field is created betp%een thet€r1ﬁ’and t%uﬁ%ggh tfle el ectro-active

material , divadivesisafixedioralens optid, aitlsr a singlewision oasedtifocdieleciroui d cryst al
and in gong,cases. the gels.are housed i.n a seal ed encapsul ating-envel ope of
a mat er?al a%‘é'?@@ﬁ%d’@fﬁ‘?ﬁéﬁ‘?&@ﬂﬁ , &F?Spmwgg]r%}’%f‘%?l’ lymer gelapay beyy o) | ne,
ceram ¢, CdR@ftagddllsQVer AUGHH Rkl Mdi&iad: F1G 20 is a perspective view of
an enbodi nment ?? an electro-active lens 2000 having a multi-grid structure.
Lens 2000 i ncl ulkselastreehattterlayacan beappliedito edmp4iible lehosdptizaby way ofome

nmbodi t def | I | it f pixels, . h of which ¢ b ted
by a. mat ord e tebiet ki el £oniaitie e opritare paiG wisbect 1 0 15
active mat&ildlandddaclWitlbtde a é?%%g{c%igé 132%1 @?gégly 1?6’[{1?& s{tﬁfhc&i O”g

containing one or nore pixels. Atta of “el'ectro-activ
mat eri 0 201W@niimgaaestitedtd, andlonpripePiRA) lenslposlr. Ber exa@ipiefadbiesioys @in metal lic

el ectrodeg 2030 separated by a material (not shown) having el ectrical

i nsul at i n}%‘g-]ﬁa ?lg)lggi.ﬂgﬁcb% a%lwéwetdgeﬁ%t lsas epticindsthemlgyinggowndhm) of

el ectro-acgyd ; | 0, ically identical, netallic | ayer
2020. Thugéﬁéﬁggeﬁ%‘oﬁgp&%?%g?{ag{g % é&%ﬁa&ﬁghlatug{'alg&bggolglfs e: ect rgdes

2030 to deftiatbedxo@rreldase fUREH witidh taseAl EADREEMbRd Eid3bitachd BiREsivdg0 1S a
conductive |l ayer 2040 having a plurality of interconnect vias 2050 each

separ at ed B yhalepnortic. AAlspdibeansbrowtarherbioitwg-velyddny ¢aguér ofSvhiietstheat i ng
roperiq es, -0t erconnest .vi,a,205Q electrically couples one.gyid
gl eﬁentﬁ p%a?%?g@gk%o%fﬁ% u%%‘levveollﬁ(ﬁ? gt}qulasr&pp& :FEPLM%WI‘%I‘I c&P?’Etaﬁﬁlf‘?q{/e
enbodi MentutilishiFe, Su{ceCastg dhnidifesh %qﬁuh%kde the %lec&QéQtlifegirQy&%E}%&Eed more than

one grid elenent pair to a power supply and/or contro
1n-situ. '

In previously mentioned hybrid embodiment, FIG. 12, a combination of a
static and non-static approach is used to satisfy one’s mid and near pbint vision
20 needs, a multifocal progressive lens 1210 having the proper needed distance
correction and having, for example, approximately +1.00 diopter of full near add
power is utilized in lieu of the single vision lens optic. In utilizing this embodiment
the electro-active fayer 1220 can be placed c;n either side of the multifocal
progressive lens optic, as well as buried inside the lens optic. This electro-active
25 layer is utilized to provide for additional add power.
When utilizing a lower add power in the lens optic than required by the
overall multifocal lens, the final add power is the total additive power of the low
multifocal add and the additional required near power generated by way of the

electro-active layer. For example only; if a multifocal progressive addition lens




40 It should be noted that in some enbodi nents, netallic |ayer 2020 is
elimnated. In other enbodi nents, netallic |ayer 2020 is replaced by an
alignnment layer. In certain inventive enbodi nents the front (distal)
surface, internmediate 5 surface, and/or back surface can be nade of a
material conprising a conventional photochromatic conponent. This

phot ochromati ¢ conponent nmay or may not beutilized with an electronic
produced tint feature associated as parf#8of the electroactive lens. In the
event that it is utilized it would provide an additive tint in a

conpl i ment ar nper. Lt sho e i nt.ed out, however. in many inventive
0 Brbod mertRL Shiadd BeRPCal e e ey e RS Sreatey T B PR of

el echo- act i v bEis tidal QY il af,gﬂg tochromatic
mat erial can be incl ud%%ylbcr)l@g}nﬁ}elﬁg??%q glg%t%“?/g ens@?%lp b-bgsﬁz\i\gayof t he

| ayer conposWtlizing this apjueath) inisgpostiblettdisigaifwahtipraiots vewimpdperogivadided as
part of an o ter.Iaﬁ_er ei &}g&r n the fr_tgqntl or the back_of the |ens.

Fur t her nor e) S TRE108P HOp Buliiacdldensegs, specifigally progrgssiyr additionalensss: hard 15
coated front, back.cefhin Bﬁdﬁl%ﬂtn?-ﬁctﬁ%%ﬁgd%éﬂls %el%ggla-rﬁ‘ﬂ{i%%fl on coating
as desired. This construction 1s referred to as a sub-asse y and it can
be el ect ri cgrbgressivet additicadetsooptic éaitilized fthe eledtrpacovelalér ipQvtited tspher e

power, asti gr’rEti C power cot{:qr}e.cti on, asphetic correction, or aberration
correction OMPHML ojpywntedastgmatism - This igaccemplishediy nevgrgizibg ocont rol | ed to

m m ¢ that . i A face. 20 1n.one _enhodi t, iIf
nore than o%ﬁélbfiﬁlgdeaﬂz;} Qé:dg# ol P%‘%@g& éﬁ%@&‘éﬁgmt ugﬁ%(}gggﬁﬁngggéﬁngpes can
be j uxt aposemthtrsleiey péveet dashpensatbesdlelyGtHeyar3UfitRd fefd whadahe udWeated

insulating |ayer may be conprised of silicone oxide. In another enbodi nent,

t he samelulbsHgmaIoyexistsutilized to create nul'tiple power corrections.

Ei ther of the t -.assenbl nbodi ts just discussed.can be de of
two different S%%g’gﬁ&""g@" eléocﬁf’?'i}%a gg‘ieflﬁﬁtﬂ‘ﬁﬂ%#tiﬁﬁﬁﬁ@?ﬁﬁﬁtls 389980 t hat
each of the Whyesplyihf@ detedtdré CpAGiIneR BRI actRRINHE 9:?;??6 are
contiguous, that Fﬁjsy %onti nuou(gpl ayers of ma?eri a%?ﬁ%?e?%r 'ngafifn

si ngl e- i nt eteoelpent-agivedayen imesucly h avayde acmdnahodaté thegiropsrastgmativ axgas shown

in Figure 2 tilLzes.netallic layers in the formof a grid or array, with
each gub- ar 8%%?%3?851&‘&3 VSIopyens OBYE 57 axforallg W@%@i‘@ﬁ?ﬂ?ﬁ@. I'n thig

enbodi nept SN REm, siHduld %t’@étslia's Wellds ﬁ%cﬁﬁﬁ%ﬁfe@édﬁéﬁé{%ﬁf "Jﬁoewer%'lgfaq in
conductive layers are etched to provide separate electrical® contacts or
el ectrodes tle prapér lscdtioaforonety eygs.i Allse] ieisatdcesshy with thomingriicléeqanat e and

di stinct voltages may be _applied across each grid elenment pair in the
| ayer, creat? %gg"r‘éﬁ il%‘ﬁ@l gédg‘?‘ﬂ‘@ﬁ' torallovfoe praper dedentratiomplarementavith

hi cknese, e WAy Bl hofser Bl p2ef ol aPhurREmaione
meterials, Layentishd Ueistd @herd wihelic®ifobay@iRifatal ¢ FRABEAIVS regibhafigeent of

| ayers or conmponents) curvature of each |ayer and/or conponents is left for
t he opti%Pal alreays gheed toalways bicbelow ondis distinbe viewing gazea thesiselvdan eleetro-

ol cct o act PSP A 48 Eibha i Foon ptdralatle i ramveranal £ el d or
a full | ensnilgfodal IE#REEVERerefdheBorfe Babddidkntsiof itk ﬁﬁa&ﬁic{ﬂéﬁaee%:@%ot&-ﬁ%“ ve

| ayer is util i_ze_d;l i n@g&?t casez&ldan ezli;t(}t ro-active natéril a aving a

cl osel y nmat E4EIQIs lefat ereonevatendd dgpic i the distpee ! insdrmkdate] aspeeirf | C

el ecrro- activial;goélgﬁglbg%ct)%%}ngd l a xréan(élhe f{q%é’ﬁﬁg!glﬂlfiafégl)jgil s Futi i zglcéi
‘laterally ad _ 1 'F‘E}'F?i'_ _ § 5 i FEW GXYPREi f i _
el eCt 1 025Ct HNQILAGLRNVONeahh LNBHPAEEN abollie | 80 HRAGih DAL ILIC cOoSTEL i C
nature of the electro-active |en y way O eepl ng the appearancte of the

entire el ecthesbyailowing thy enltifopa apamdsias zdeao bebctiorniggrovide®shakat e.
Al'so, it sh UI% be pointed out that in certain enbodi nents, the fram ng
| ayer is of 1% }R8metidian ofdhelens aptira Papyiding thongareisien gons abewe did B0 can be of

a wde vari electr t,ve constituent is at |east
30% by wei gﬁl{eMg@LP Egieﬁ}?sr n@u’ﬁ?%ﬁé E%ﬁjli?lsteegﬁ rafgf g‘cnts?tsl%ec YWEY “Raterials are
wel | known workigpamsbsseidastdncestoainlodicedirdeNg TR FR%t 6f oddth&dBH RS vdhref NCI ude

| iquid crystal polynmers such as pol yester, polyether, polyam de, CB)

- penta cyano bi phenyl and others. Polynmer gels may al so contain a thernoset
25 matrix material to enhance the processability of the gel, inprove its
adhesion to the encapsul ati ng conductive |ayers, and inprove the opti cal
clarity of the gel. By way of exanples only this matrix nmay be a
cross-linked acrylate, nethacrylate, polyurethane, a vinyl polyner
cross-linked with a difunctional or nultifunctional acrylate, nethacrylate
or vinyl derivative.



42 The thickness of the gel |ayer can be, for exanple, between about 3

m crons to about 100 mcrons, but may be as thick as one mllineter, or as
anot her exanpl e, between about 4 mcrons to about 20 mcrons. The gel |ayer
can have a nodul us of, for exanple, about 100 pounds per inch to about 800
pounds per inch, or as another 5 exanple, 200 to 600 pounds per inch. The
metallic | ayer can have a thickness of, for exanple, about 10~ mcrons to
about 10'z mcrons, and as another exanple, fromabout 0.8 x 10'"' m crons
to about 1.2 x 10'" mcrons. The condueti ve |ayer can have aahi ckness of,
for exanple) on the order of 0.05 mcrons to about 0.2 microns, and as

anot her exanple) fromabout 0.8 microns to about 0.12 mcrons, and as yet |
0 anot her &Xdnds Workigouth g campyter BRBitorTpRNaiing FEe frampesovieshaaded t o provi de

good contact bet conduct i ve | ayer. and l.ect r o- ive material.
I e ok 1T e T N RRLLDGr £ Hybrld Blecuidlaciye lens bierf %&HPB‘S??‘QFSF%t al
material s lénatand Gorl exaMple)s 8Smn-Gameted Hpbied patle! fleficts UbCelo@tsla@ivesi | ver. 15
In one enbodi nent, the refractive index of the electro-active material my

- vary, for ¢8ysfs stataddefarercantbeapplicdditestly to either thesinglelvisiondénsoptignd as

anot her cex e, .between ahout 1.45 units and about_.L75 unit. jth the
change Pn ?ggggim%lfuql?wg@fl EhlteB opHc Greating electyo-agitys finished myltifdcalens | o1 o of
change in bladkd, v ee MikifocaPplodfilsi salaks ol -0, i t he

el ectto-active materi al, ang [ tsSlg%%%#?gP{?ﬁﬁvﬂgﬁé ?&Eé%!tl?%(a%}rat eri al
wi || det er of he frame’plens sountme. cHhip eBows fom pod-assémblg|of odleatroamtive Eensol yner
into the rix, bui} shoul db{esult in a ch?nﬁﬁ OL i ndex of refraction of
the final & e s Bring gbleda doventqry sfogh fipigheds dpiot gdged electro-active vol t age

CF Aot 21 Yok, AR 365 d BAE SO sl A58 WIoF | SCussec

with the inventive enbodi ne tilizing e sections of
t he el 46t r distibuitios, ihelpdingabsdodtdryor aptcian’s atfives This wiltslitveall opiadl | ens optic
with an appropriate adhesive or _bonding technjique which is transparent to

visible Ii P.ﬂsﬁﬁmg’sﬂgfm°§§§@ﬁ¥ﬁeyllﬁeawtb@1quayedéforr@pe&%@ paper or film

havi ng t heggh oF j r : t ready  for .

bondi ng to thgﬁg%nﬁ%%g'aﬁggﬁg&%%ﬁ&ﬁ%@glﬂ%%ﬁi%rg’ a%‘?gﬁc;eﬁ% %‘egﬁdma?ppl ied to
the awai ticgpsimes. 43 optic surface in-situ. Also, it could be applied
pre-applied to the surface of a lens wafer, which is then adhesively bonded

to the awaiti ngCratiderss: the size of the prgiabBeldpishpshpen shows dnr examplstind | ens

wet T ad >y rend yedhlenda B6E l ineleri nobd sneie PRBEC RS R 3585 " abt ed
onto a pr efiemens ckittred 0P Hedenithdd foah®Besitt. R GIRfRPEd ﬁtﬂnt%@%ﬂf‘{hgtr‘ﬁé- Thi's
e

creates the electrically nodifiable power of the invention.

el ect r o- acdipmster size camedry depending upondig iigeds.| Irertaindaventive einpodinpmits i on of
it. The i x of.refracti f the electro-acti.ye Jayers can be correctly
altered OE%WO%IPW@5@?’8&%%@85‘0"’%‘??@%@5 ﬁBl““é@ﬂpl e, in the hybrid’
partial field desé8sife dOthPHENIaPHSH Ead ialidigl.d:-ar ea woul d
be activated and altered \"Ri thin thi shiﬁgg?ﬁ%}eere g:?%{ift%hﬁe![e{]c’lnrg agtr@%di ment

t he i n@éx leyerrapfifcache electicsactive ekl Alt teastrtiwg sacls fraginfrecarpaohiesiplai@pason of the

l ens. In angﬁgeté enbodi glent, that of a hybrid full field design, the index
of ref ract VB8 $0pg OE the Aressaiiny¢ntiog Aamely.ca single-intercpppechelestro-t he i ndex of

ref ract i omuctive rhQERnASANE-eliFel &R dchvaL ARk, {Ne non-hybrid design. As

FIG. 17 is a perspective view of an embodiment of an electro-active lens
1700 having a single interconnect structure. Lens 1700 includes a lens optic 1710
25 and an electro-active layer 1720. Within electro-active layer 1720, an insulator 1730
separates an activated partial field 1740 from a framed non-activated field (or
region) 1750. A single wire interconnect 1760 connects the activated field to a
power supply and/or controller. Note that in most, if not all, embodiments, a single-

interconnect structure has a single pair of electrical conductors coupling it to a



| S discussed earlier, it has been discovered that in order to maintain an
acceptabl e optical cosnetic appearance the refractive index differential
bet ween adj acent areas of an electro-active optic should be limted to a
maxi mum of 0.02 units to 0.05 units of refractive index differential,
preferably 0.02 units to 0.03 units. It is envisioned within the invention
that in sonme cases the user would utilize 20 a partial field and then want
to switch the electro-active layer to a¥ull field. In this case, the
enbodi ment woul d be designed structurally for a full field enbodinent;
however, the controller would be programmed to allow for switching the
power needs P?WhSQUKCEI | field to a partial field and back again or vice
versa. In order t I 8 j i cessary. sti.mul ate the

el ectro-active 25@%@@&3#{;@@;&% eﬁf%‘&efg‘ég‘){{o eFﬁ%fa%'petl%c RracR¥& M) i es.
This is provigichavingmdkiegidstusane | Lehsarso0ancluidsaSlendbpti 320@ng @At ai ned in
the edges of the frames of the spectacles. The wires run froma power

sour ce descr FIBEEP-#AIVEAYen 1820 ¥ithin electioractive laver 183 we insulatont 183D er, and/ or

Ller. f di h
apect act o7 el tal R an e ARARANE Rl 2900 dip s Wapnd - Setiel el log s uaed i n
seni conduct Ofegoal U 50: t Al bividlity bfirkiedohfsctd PREDAANEL itk £4iCARA Fieldhole

optical assenbly. In the single wire interconnect structured enbodi nent,
meani ng one R@WeE sppply endfeneontroler ayer) only one vol tage per spectacle |ens

is required and tWo .W ,es uld be negcessary.for,each |l ens. The

vol tage woul d beog}fg%]l’ P%W%&Sﬁ@%@SH%ﬁ@FF%Pqgﬁ%“%ﬁq“glﬁ1?@ B5&R t ner on the
opposi ng si déisévefed thA e dicrBlactiSe Hitithesd diﬁcﬂa’ﬂﬁgl ﬁ%ee'akéﬁ:lcenké? oy her
enbodi nent, an alternating current (AC) voltage 1s appried across opposing
conduct i Ve | paytaldieldiipesificregiorc whesotilizing aaingleiasirtonnetiddectio-tiveear t he

frame edge of each spectacle lens. |If a grid array of voltages is used,
each grid su%‘iuﬁ'f"é%cﬁnﬂ’et‘ﬂ'é“’%ﬁz?éayﬂlé hayi4 veyRaitivg roferip minignizingtke vol t age,

and_conduct lgONReGL: SR8DLAR ol BALLLAE ARG, 16 dalife! eTont on the

| ens. An optical transparent conducting material s i um oxi de,

tin oxide, osspeciallyforthesingie iflerddnhedt saybe TIHSS ddd alvedy@ithdi@ase Bsrdust i ve
| ayer of the el_e[\%t{o- active assenbly which is used to connect the wires in
the frame edjedalfisldspertigregiprowhershy itintilizeea suliterid electrpvetivessichmhi s

met hod c ‘I ; f et her..the el ect.ro-active .area
occupi gsﬁ?hg@ gﬁl'?l re i%%éﬂ%lggﬁgﬁg%%%gu%a%ﬁﬁ% P T ARYHRYRIEG de
el ectric povebodimés; bapidt@fl] maRiphddihgleSnterohRbtt SR c@b-a8ERE thicRirtYaresuch as
a battery, is included in the design. The voltages to create the electric

field are sriayared withineor on the lerssl asdo eflowtfer muitipds elacteo-detiiegapas treatihg ow f or
the inserti nd extracti.on Qf mniature bulk teries. which provide
this power. q?‘fé‘ l?’gﬁ?tggmglbén@oﬂ?f@ﬁﬁw?(?of”ﬁéoé\ﬁ-g&buE‘Hf}’é%mt"ﬁ‘i"b‘(fgh a

mul ti pl exi ngxenpRemHly, e 30S0 18\ j I her
enbodi nment ) éon?or ma}IP tﬁi nfilm gﬁ%g@%@geét@g@hﬁgwgaﬁﬁgbgﬁgﬁgf:e of
the frand t eagh etberdeparated onlyHe snasecases tbyanbulaving lagerst in thés wayahepropad

repl aced whe hejr charge is dissipated.. An alternative would be to 25
provi de an E??%b‘?‘l)?%‘?’er\ﬁ?*? ﬁregtﬁtgqqm{ef@gwq@dq ghangeforracly layst beries to

allowin sit },cdﬁﬁ-',ﬁ;g-mf i . r-m hin-filmbatteries
when not in‘thse. Al\%l al t %ﬁlgé@%%g%s&#uégglfgggkg&g%%oéﬁﬁﬁégﬁgwé% a
mni ature fLimbomebdse&:wuilldbb&npmﬁtul&deﬁérgiszr@éﬂ?t acle frames to provide
greater energy stlorage t han 45 batteries. The fuel cell could be _
recharged with alsihepld bedurthes paintedsputiin she inwprainms cértasn embodimentsdwavingdi r i n

t he specisacl : : n._di.scovered that it is, possible to
i ni i Z?St hgﬁjel{lﬁelg{g?%%:eal,{]{eﬁ%ag?&g%&%‘g‘%&w ye‘BFa‘bs‘F FRIBiGEd E’nai nventive hybrid
mul ti-gri d. prepusiranmen pefueceto Wlbebo® 16 ABRY the 8Bilit tdBshs SAFaS kil om0t al l,

a partial field specific region. It should be pointed out, whil®e one can
utilize a hyitangesdioriesample.amg #3500 siggledntsreonotatrebdctra-dotibe layefswolld i el d

mul ti-grid r be il.ized as 1. 1n another inventive

2ppr oach, - wheFLipited AR Eint b i heftiiador o allpBioeeien 0ab mEwHPRE fons are
corrected, geddt@misertep SV BARMNH $hdhloladdMidhal 1E 5618 int&Githe@SeltGro-

di scussed above, and the proper enabling software a progranmm ng of the

el ectro active eyewear controller, and/or one or nore controller

conponents, housed in the electro-active eyewear is provided. This

i nventive enbodi nent both tracks one's line of sight, by way of tracking
one's eyes, and applies the necessary electrical energy to the specific
area of the electro-active | ens being | ooked through. In other 15 words, as
‘the eyes nove a targeted electrically energi zed area woul d nove across




the Il ens corresponding to one's line of sight directed through the

el ectro-active lens. This would be manifested in several different |ens
designs. For exanple, the user could have a fixed power |ens, an

el ectro-active lens, or a hybrid of both types to correct for conventional
(sphere, cylinder, and prism refractive error. In this 20 exanple, the
non- conventional refractive error would be corrected by way of the

el ectro-active |layer being of a nulti-g%id structure whereby, as the eye
noves the correspondi ng activated regi of the el ectro-active |lens would
nove with the eye. In other words, the eye's line-of sight corresponding to
the eye's : bl addat: cl vVa.: the lens in
rel ati ons hig%}‘?g%{é ecogideb%ergégél%‘\%g) 1?1% g%eﬁjh&%tﬁg%oog’eeq?engoelﬁg{tgz&gxagnpI e it
shoul d be plosnaselb iadtest fathotildebentdeistayd tHarthe etdcon@abérvd etdctrivtictivee, whi ch
is incorporated into or on the hybrid electro-active |ens can be of a
partial fi QYESess welk 3y the ppwpriofrash layer, can ganyidegensdingiupnn theioptiea out
utilizing S i i iniydze the el ectrical needs
by vy of Lo o et AP B IEAGIS, B8, LI B Ered aBRE B roc 1

vi ened tshr piggmedibtearisibn ditanicbefos aRpedific pfeebydpel Ng energi zed the | ess

el ectrical power consumed for %ﬁgiven prescription at any one tinme. The non

5 directly vi enBerthermareingestain ethepigventivecmbodiments, aziombinasion|of eitheer gi zed

or activat refore. woul grrect . for conventional, refractive error
that woul d%e@%’é%&%@f“i‘ﬁ’% iegerf%?_b cﬁ@ﬁhyﬁﬁ alr%Preé%NbﬁEleWBpi a, _
hyper opi a, casbihgioatvwigin: nulilohidesyRicive Jirgeri@l B9t DRRAhadkesdvar ea in
this inventive enbodi nent would correct for as nlich non-conventional
refracti veorarthepbility (ffecusingfor airangenfiimtgrmediatg ahd nedr @istartces amtiniy

aber r at,i,on and ocul ar surface or layer irreqgularjties. |n other inventive
enbodi r%\gntélbtpﬁoémf Bﬁpmnﬁ?ﬁy R"e?fg r‘@ﬁe’EB'GI%H‘b@SW%%OF‘ a Pultyedd e

convent i ongkctRy-§c@®ive s@Fcidielil utilifedSBmer Al 8V oy
enbodi nments, this ?gr get ecié gtrlliél tracElre aa%gdgﬁgggﬁgggﬁgﬂﬁggﬁw&’ocat ed
with the athsimttngod ebfctroheticosttuonire ér corabitlation witk a@iropeelyeprogminnidl er
conponent s%{ b mﬁﬁOf ei t her range finder | 5 located in the eyewear
tracking t 8"‘%’9@“ GYTHGHF sontiglier, andiy one pREYOrGRPIERpdieReAMPRNENEWPRH AL he

t [ ' . Alth h I
 parti ol SRt or e RS SRk SETL AL A BRPRdidlRl NP lEnt T 0T 1 2

surfaceési s covehld, seiifinidhed eleetrbaotiacleny Blafkd B wbuld AlldwSotsudfaeingcul ar
line visible to the user in the lens in the nonactivated state. In sone

i nventi ve ¥028ANEHINBsssopefthainyprtiom tInjthis gaset either g decentered.enteredeep t he

el ectrical >4 | | [ m the central ea, bei | vated and the
unact i vat epcf?%elrﬁ?é gct]éel?%l—o—%a‘{ng%? %Ség RIS r%ﬁ@&?ﬁ%ﬂ%lﬁ]&tqua{}gggﬁﬁ%dﬁ@@ﬁ t he edge
of the actic@e layei i indofporsted ath the bRAREHE theR TRl the ddidd T i1 | m sol ar cel |

arrays can be attached to the surface of the franes, and voltage is
suppl i ed tRICCHEtQR peededind t he optical grid by 25 photoel ectric effect using

sunlig or ambi ent .room lighting. l.n.,one inventive, e i ment, solar
arrays Bgr e usrerglnfcsvmﬂ FFW'&P’VQWA%‘E ,"av\ﬁﬂ#ﬁ PPWEr ﬂfcrﬁoéi“ﬁ’r"ér}%gf’csgg‘?"é%d WeEcussed
ear | ier ingébglad ks AR GHuND 2P \B4s | | needed the
batteri es can be charge ufromthe%ng\?ggbr%éﬁiwéé&?ﬁ%%égﬂgsﬁ%s in this
47 enbodi rurface ofithalens taicomencadateows’ s working rk@r o apt fecusimginadds aphment t o

batteries Vt\iﬁth tbhis des%gn. .Ir] order_to provide a variable focal length to
the user, W& cBPadimentsbE vouable pawer figld adigsts onenshe entige lersoasta copetasii t ch
positions . | équ thdBnfe i i.f.n d., In the
si npl est eﬁgh?mg%ﬂﬁ% el egtﬁtoﬂ}actl v@hﬁgﬁeggégéé g&g'ieb%aelrp%glﬁﬁ%?l off. In the

of f po2$ t ipomer effect ir ordet toffedwez didtoiogant ABeritions. IMenyobtdge i s applied to
the grid assenblies, and only the fixed lens power is utilized. This would

be the cas@YORMENBENtAGHPPYRy the distange Raver & eareestad byowapef dither theor
exanpl €) - ARy Rfn ShufiBHLLP RnichOPIY Biahgs, SiSRE iR SrobSlS b ldk | 268 € ther

t
a single vision or’ nmu ocal progressive lens

optic. The electro-active optical layer corrects mainly for the working distance

focusing needs. It should be noted this is not always the case. It is possible, in some




10 I ens bl ank or optic which corrects for distance vision as part of its
construction. To provide near vision correction for reading, the switch
woul d be on, providing a predeterm ned voltage or array of voltages to the
| enses, creating a positive add power in the electto-active assenblies. If
a md-field correction is desired, a third swtch position can be included.
The switch could be m croprocessor controlled, or I S manual ly user
controlled. In fact, there could be sevedal additional positions included.
I n anot her enbodi nent, the switch is analog not digital, and provides

continuous variance.of the fac l.ength of the Lens by adjusting a knob or
| ever much |§3R&- I Wiz Rithermiipgle viron mulgfosal finishadylensoptiseorondtifachbt no
fixed | ens dise Ra i .and all 20 vision correction is
acconpl i sheggv 2 the ef gg‘?%%)%laagstt%\%s %er{!sc.%pﬁ’orwetrﬁf@ AR, V3ol t age or

array of volwarkag pawerapdhitignitizni Beod@nse alectd-hothveTBfer bf ufiRiekidedthst ance

and near vision correction is needed by the user. If ‘only a distance
correction cYP&eXdlanperieelsfarshiens eptic to enowdctipypatisne onlyend coitect the

el ectro-agti e. on when correction i.s needed .and of f when no
correcti gsr:\ iséﬁ?lﬂggggvg%g%a\g pron H’P@“?%P?,‘g?f ugh the plecirpzactixe ayer Alser t aj n
enbodi ment s idispesdblgo uBAF: 4 ?ﬁnb,esiﬁgle%ﬁiiaﬂ muflthEﬂQm%fht:d Ros gpﬁ\{' orhe voltage

wi Il automatically increase the power of the distance an near vision
zones. | n orfEogIssiys mnijifessb tedis wptit and berreniitedtistarice apliere and agtiginats@an t he
spectacl e | fir ames d Ls connected to a controller, for exanple, an
Appl i cat i on%%%%sclmweyfkeh‘ff@@aﬂ:&f’% Y&f-rcuit, contained in the spectacle
frames. This .contif ghdud bé BSIRRAGH: bt il Sl the switch by
regul ating the voltages sﬁ%pﬁ e Pir?iomlgthhtgé %3&%@%%?@@&%@%&%9%{%&
control | Kt mdietier ppismatic, sphérical exasphekiis poseras wallai eotaVdikteRoetiower hiids e
vari ous voltages to the copnecting wires. The controller may al so be of 5

an advanced TYBLIET RV Reeds Snhnsar ROIRIROMer inpeds, eancbenscarplished by wes of he

bat t | t f.the f o |
xempl oy crpbaBs ORI chn i, e b A bt afon o Chiree O
conponent s, vissorf afinisteddanulafstadlend opgé ?tmﬁﬂn%ml ﬁe‘ﬂi@ﬂﬂc@gﬁﬁerﬁﬁl pd¥feruser’ s

vision correctjon requirements, and allows t user to easily swtch
bet ween di f PEFEntomM$OLihe distange sphasicabpasweringeds, ald bf thgestigmaticposer heedshi s or

her i ndip&i d kS) . ] nts., This .electro-active eyewear controller,
and/ or ol\ée g(?lh?réir‘aeieg%ﬁé]? %F‘ll é&%o’f’?ﬁgﬁ’@nto?)mq @SBEEFIWWFMt?P@eé’ﬁGP%r
progr ammabl prilatidipowersiceds, 6RARy SRBSInAMibSHf BE abReIM :cﬁﬂlb\?\#}e‘a \ﬁ?ﬁlh@ced

er en

and/ or repr ggr amred with a _new " prescription® contro e user's
vi si on cor r Beeroactaysrewdhpovidedogene’s btdfecsipamedof t he
controll er-based h is th n change the voltage applied to an

i t, 0t
el ectro-active | Ietﬁgs;b(ﬁ;eq g’§§)vl"$@r{}'§t tﬁ?&kﬁ@é‘éﬁ%’.laﬁf aflpws g‘l’féb? piilizaior ve | ayer

i s manuf act of ARpfiveBpic Edslerisniiie Mg [hilimiddon syblethat the
rapid change in f ocg%)_ | ength of the Pléﬁuéeg) ﬂrlrgliméié3 °d‘|°§sr‘}3%§? \%O'fg? tpﬁgr
wear er ' 0vi Bér@lectra-aptine lansest eithes ptiooor 4ftep AnalTabi@6sh. TRRGALEO anot her may
be desirable. As an . . .
accomplished by way of allowing the patient or intended wearer to look through the
electro-active lens or lenses and adjusting them manually, or by'way of a special
designed automatic refractor that almost instantly will measure conventional and/or
non-conventional refractive error and will correct any remaining refractive error be it
25  spherical, astigmatic, aberrations, etc. This technique will allow for the wearer to
achieve 20/10 or better vision in many cases.
Furthermore, it should be pointed out that in certain embodiments a Fresnell
power lens layer is utilized along with the single viston or multifocal or multifocal

lens blank or optic as well as the electro-active layer. For example: the Fresnell




20 additional feature of this invention, a "lag tinme" can be programred
into the controller that would slow the transition. Conversely, a "l ead
time" could be progranmed into the controller that woul d speed the
transition. Simlarly) the transition could be anticipated by a predictive
algorithm In any event, the tinme constant of the transition can be set so
that it is 25 proportional and/or responsive to the refractive change
needed to accommobdate the wearer's vision. For exanple, small changes in
focusi ng power could be switched rapidby; while a | arge change in focusing
power, such as a wearer quickly noving his gaze froma distant object to
read printed material, could be set to occur over a 49 | onger tinme

peri od, sayayeoisngdized e prowislersabericrhpawariang thesehytraditce densithickresg dpeist abl e,

accordi ng he..confort .of the rer.. In event, it is not necessary
for the SWE?@LC l%'%B “BiPPHf & %Eefreﬁ%gg‘fufrﬁe‘?@g%?/8’5.““‘?‘?1“3’&6@1%?0 Bl ary
enbodi ment fortmRl il deahdisfantdforusifPasaat e nodul e, 5 possibly in a pocket in
t he user's cl ot hisgjg, and is activated manually. This switch could be

connect ed t o thdsshemisses aboveyiin hnathe¢rrembodiment adiffpttivealptit isheilizednot her

[ f th i kch. t.al |1, m ) di.o-f
Shor t -1 AngBoBE AL ME SLEIR FPieR 1 pte and s Slgetipugiy ety JNAAPRERA f on to a

Liny I eCel URIdiBRIca0a Bt Wiliar o OO FaRkiiofl] SRicBREREARCAlghgres. 1N both

of these switch 10 configur ons, the user has rect eet control
over the f tasubed thaged foatheadleatric pbwér siramitry)and shickiesscdfake elbdtror@dtivenot her
exenpl ary &r}bod' ment, .the switch is automatically controlled by a range

finding defte PREARY, hesombinationof apytwer mprede thefollowingroane, in the
| ens, and/ Qg0 ihaf ah&fﬁ%&ﬂ‘faﬁf]%etoﬁ&ﬁ&eaﬁ% total a%'aﬂ.lv{%&'o@%} Re%d%f fo\g%rgg'ﬁt oward the

object to 15 be perceive S a perspec e view er

i nvent il0e speotdlenmndectién pheatneeds CTHevebayePedsnlLR0er, LdhveRicnal bt Ustrati ve
exanpl e, franmes 2110 contain electro-active |lenses 2120 that are connected

by connect RoRycoRveational smelevigionor iultifpcad leng optiptdiragtiesopsiclayertandand power
source 215 ' [ fransmtter.2l 60 i Q0 attached to an

el ectro- ac%ﬁ'ﬁt’-ﬁgﬁgﬁﬁ%&ggaryg}sa%?'gr%%n?rf Hd%?oﬁsﬁ’i% ﬂﬁf HPtH®hed to
the ot her ®liefiaftQrshape ¥ bredFrecPd20diftkdttivébl Piésnedlidyer ined inK QleebQdhvENt S,
transmtter 2160 and/or receiver 2170 can be attached to any el ectro-active

| ens 2l 20, materighsseas to srdateamporzhylyid entybrld etbciro-acvesop?it Mayinglad/ or  enmbedded
r transm.tter. 2160, and/ or receiver 2170

can be Eort 11 o5 ERspel BPRrHG i 4 BRREDS Seind B ireaghng I8 foor  ( not
shown) . Si arkiibyonls cBmintiofA8ls (RkePbuf BEEpHGhatkl v an be processed by
controll er 2140 and/ or a separate controllelf (not 'shown). In any event,
this range fi nd¥has glsaheecdisaoverdaha ntitizvidg eftheruihiapproginvae 22mm or a
35mm diameter round centered hybrid partial field specific electro-active lens design
or an adjustable decentered hybrid electro-active partial field specific design being
20  approximately 30mm in diameter it is possible to minimize the electrical power
circuitry needs, battery life, and battery size, reducing manufacturing costs and
improving optical transparency of the final electro-active spectacle lens.
In one inventive embodiment, the decentered partial field specific electro-
active lens is located so that the optical center of this field is located approximately
25  5mm below the optical center of the single vision lens, while at the same time
having the near working distance electro-active partial field beiﬂg decentered nasally
or temporally to satisfy the patient’s correct near to intermediate working range

pupillary distance. It should be noted that such a design approach is not limited to a

circular design but could be virtually any shape that allowed the proper electro-



sources such as: lasers, light emtting diodes, radio-frequency waves,

m cr owaves, oOr 50 ultrasonic inpulses to |locate the object and determ ne
its distance. In one enbodinent, a vertical cavity surface-enmtting |aser
(VCSEL) is used as the light transmtter. The small size and flat profile
of these devices make them attractive for this application. In another
enbodi nent, an organic light emtting diode, or OLED, 5 is used as the

| i ght source for the rangefinder. The adwantage of this device is that
OLEDs can often be fabricated in a way that they are nostly transparent.
Thus) an OLED m ght be a preferable rangefnder design if cosnetics is a
concern, si rA€8ve Yisea ficld trea heeded fsoat's dision needhe Foromumyple, fhadsizméduhbut

bei ng notic I An_appropriate sensor tq recejve the reflected signal

of ft he obj egot%t%)lvgl’ﬁ %%‘@ﬁgi’o‘q}’?{ea © OWB&pB%’F?'{Ibﬁ%W fheWiabist of t he
ens frames inperaanaeeiRshe: Blaberédt br BUViETInb G tﬂr@f&(&?%@hfﬂ%ﬁ faage. Th s
range is sent via a wre or optical fiber t t'ﬁle sw tching cortroller

| ocated in tfird speaificidesigas omtiybaid\inil Eeledsdesipasthae haay the ebiligntoohiekf and
anal yzed g o det jne the correct, swtch setting for that object distance.
In some casé’?,%‘a? ﬁgidFéﬂﬁie QSBB‘?TSYtﬁ?qSEfr" fs‘:a‘?'l‘éidws atradsochave thy abilityrtay be

i nt egrated |aéhingﬁé[ﬂﬂl’felw anot her exenpl ary enbodi nent, the swtch can be
controlled by a small but rapid novenent of the user's head. This woul d be
acconpl.i shed by iFucthedit has teeh disyoverat thagiie eReOPACcHVe V6T A nRGHIaSdqBRL €F i N
the tenple an tBe Ieﬁs frames. A smal|., rapid shake or tw st of the head
woul d t ri gg@Pt #1RdS Hillized haying agungyearthickness.c Thatds,dhe metallimandennductivee swi t ch

t tate t - 1 | 5t ti h i .the f f th
el ectr o- ot s (yd sl sRRNY oI MR bR ORGSR S sirdfeny
enbodi meft  wemergent ordivementdensshapd. Ot ss%gs&qa@mfwéﬁk&h@%&iﬂlmﬁm ch. In

this enbodinent, the m crpgirospope is utilized for nostly reading and

vi sual f uncthigssyheleeip-asive laer in ron-hybrideenshodimentos'is athghdd nidde wilhus, 25
when one's tilts, the.m crogyroscape sends a signal tq the controller

~indicating tIa Eg%l e‘:ﬁ%&e)g oéfn“ﬁg?‘éaqtl?ugto?gﬁm?@ﬁ pf‘?"‘i“ﬁéﬁ”@’é?f@‘é?‘?é’% adipgigblencr eased
focusing pOUsE poteRARREE vAlbis tEmbikabAL of tBsecliiifed'ahl blecHGIPARMHap R t N

whi ch can be remote) is used for overriding the m crogyroscop or certain

vi sual funclensess Iasome insgoties ¢rhmdients she fingle inerdoinnect @lectrootipeilager ol

In stil Ilsano .per exe%ggdenbodi ment, a, conbination of a rangefinder and a
M crogyrosc ééze[sgomq des-ereatifng @ nggyinHers taickness of the glagtromictivear vi si on,

and ot her vigicaite! B8N . the rangef i . 15 used for
vi ewi ng di st anceg whi char e'hg tge\{/%eeh?ﬁeeé%g%dlg% tsair;'gt.l{ogf’ﬂ’gﬁ]%nﬁg“\% ﬁé’sddi stance
of, for exaslstteg-a@iviestnuctuesattilizes & parallelAsuatired Wheth\@batkea hifée manual

switch or ragnge fiﬁ}%ﬁr design to adjust the focusing power of the
el ectro-act 55 ¢ SIFCLEMERtIVE Strestatepl ary enbodi ment utilizes an

eye-tracker to NMpagistral [ illary...di stance. .the eyes focus on

di stant or near o ?ect sa{,e%ﬁlles?? gﬂ% Sr{oaslﬂépémg%gncaggerggrﬁfﬁ%g%ﬁﬁlqn:le%wﬁ ge or
di ver ge20 At map bt basdedttaa coh@igent Blettro-861iv¥ 188195 Ml AhybSdfhs B%!ém% y acent
phot o-sensoyrs tqo. detect reflected light fromthe diodes off the eye are

pl aced on t HePsodingdwon thgelegteongetiv tens oeaterinl syl theTéleatrical sbltagecmay sense t he
osition of . he .pupi.l of .each gye and convert the position to
Pnt er - pupi ITlgﬂrégmglpeg?%ﬁ{rgh?cg t@%ﬁg&f:%‘feem fe ‘g‘%é'f%‘?ﬁ:@eé’f’}éfgfe“mﬁ rg@qcefth@)m t he
user's eye jpdenes refractidl waild ' f ' 15

ke Lo cRIBE I ok MR pVENS UL AL 1D,

em tting di odes and photo sensors are used to tra ,
addi tion t oPayyesi asrshewniie treiftsst rowref Tablectt foo diffdrentechbyentionff fikéDadte used to

give a ec le l.ens an electro-chromc tint. By applying an appropriate
vol tagei?o e{%%é’baﬁlngﬁi‘?ﬂét%‘”&'éﬁ%B@P%gﬁﬁpﬂl}e&lﬁ%‘aﬁ? YR tngreasep e indgxtdfnt or
sungl ass efefedticndT thCelbdRAL ki - L lternates the |ight
transm ssi on sotlrremhat ‘t:hr ougért\ﬁtghéggggnﬁglgﬂﬁ#ﬁ%h?gﬂﬁcaégﬂ?ﬁﬁl‘?f)wleﬁt ensity

gi ves a "suahghges 98 skdmit Tabe 2 Fre diffaentfoombimgioasof Gkéd id fiecktsgdtiven bright,

out door envli r onment E‘ssbi &lﬁi d crystal conpositions and gel polyners with high
pol ari zabi I'FIPONFTr ESJ8we demgted that i this gmbpdisnent of thedhverdion, omlyta at tracti ve

for this a j I I LV ive.enbodiments, this invention my be
used in |Og’gﬁl‘gﬂ? Il%gv&hﬁe?{%%%rlggﬁéﬁggpﬁ'ihSﬁ ccﬁﬁ?cﬁﬁe BYseabl e enough to
affect the index of refraction of the electro-active layer. Then, a
correction factor to al | of the supplied voltages to the grid assenblies
woul d have to be applied to conpensate for this effect. A mniature

therm stor, them-ocouple, or other tenperature sensor nounted in or on the
| ens and/or frane and connected to the power source senses changes in




52 tenperature. The controller converts these readings into voltage changes
needed to conpensate for the change in refractive i ndex of the

el ectro-active material. However, in certain enbodi ments el ectronic
circuitry is actually built into or on the | ens surface for the purpose of
increasing the tenperature of the electro-active 5 |ayer or layers. This is
done to further reduce the refractive index of the electro active |ayers

t hus maxi m zi ng | ens power changes. |ncreased tenperature can be utilized
either with or without voltage increas®s thus giving additional flexibility
in being able to control and change the | ens power by way of refractive

i ndex changes. Wen tenperature is utilized it is desirable to be able to
neasure, get feed back and 10 control the tenperature which has been

del i ber at el r—qppl etd—Hi—he—ease—of-eri-hera—partiatar - —+i+el4d grid
array of i nJIFVH%M'Fy add] E&8G o/ ec) VBltage ndex el onkFimbHybEdndudt ors may
be necessar yLess Optid | Pl ex| aRace Lefs VPChaRRS| REFMBEE TRPAS RideRibly O] €ach
grid elenen}. For ease of |engi neerinp thesel interconngcts, the i'nvention

| ocat es t he| G¥stanes Vigion) n| Phwef r ont Bect i on| Charngee spePowed e 15 franes, for
exanpl e5 i nj+he nose bridg§e area. Thus, théj power soufLassPHy ch 15|l ocated
in the tenpi €S, WTT De cpOnected o] Ine TOTTET DY ATIE Pifs 70 _CU iduct ors

t hrough t heftenpte=front—f{rane—hrnygef —The—cpnrductors rERELLTe epntrol | er
to t he | ensps—ear—betotaty—contais : L-the fro M of{the
frame. In sbne-enbodinent& of the inhention the spec Ligss y_have one or

both 20 spect acilabledane tenples, parts of which are easily renovabl e. Each
tenpleqw |1 consist of two parts: a short one which renains connected to
the hinge and front frame section and a | onger one which plugs into this

pi ece. The USN @gBERI € PIE & 1] VENARePl ek bP T Fmal flbRactehs pal power
source (batfery, fuel celjl, etc.) pnd canf be sinply renovéd and regonnected
to the fixedlgnsr@ptsn of tfHectivebpisesChaiges|eR 2fracewey Asbemblyfvives ar ¢
r echar geabl for a,nte, l}gy placfng in j. portabl¢ A C. charging bnit

whi ch Charg 1 ll_ mPP &ht 1 " hy v ic ilnd i 0on any

ot her commoptrechargi ng 8t hod. I nlthis nenner, ful More®Pdusged r epl hcenent

t enpl edSmay| be connected|to the spectacl gs- to provijdescRiosi nuous, |ong-term
activation jof the I enses|and rangijng systlem Tn TaglessSoN®isal f €Epl pcenent
tenpl es sf~ may be carrijed by UTne[ ISer ('t pOCKer O il igius O t 1M
pur pose. In TR, {85 €S, the—wearer wH—T'egqutrre—spirerrcat—cor+ectt+obn for
di stance) near, and/or internmediate vision. This allows a variation of the
fully interconnected grid array | ens, which takes advantage of the
spherical symetry of the required 5 corrective optic. In this case a
speci akR%geonet r Adgssible munptagtuging precsssios suep bybridossemblyifollowngh of

el ectro-acfive redai qns C ri.se either the partial region or full field

Cens.  The 1 el BRBERY ARITOYIReEhétditer s € BectiPngtolied el e)

el liptical stapéc nfa‘éﬂi_ﬁ'nhtﬂWﬁﬁéﬂ%ﬁ%ﬂYﬁﬂf&@oﬁiﬁ%&ﬁt@djﬁ’éqmtdgﬁlc|s){a d1e nunber of

required el ectro-active regions that nust be separately addressed by

conduct or EemitsrmewHis 1ayer w ddpositddfantebothsales afjds, ingreéat mpldedmoplcadtyi ng t he

i nter connectl circui tr$/. 'l:hi S defi gn allows for the correction_ of

asti gmat i st B’?e'eﬁfglkﬂﬁ By Tor SrgmPley SPuttssing 9§ vagpum denopitionc Ja anothere

convenbkong| nfbll%ldr% i ' [ & Ld ﬂmjtﬁ ' ction,

and the congentrl cmrgig%igﬁgﬁgteﬁeg@a‘lgdiq\e@ 'ﬁgtéléi?q%g ispé%w e (hgdgeg%égi cal

di st ance aomicand teastheristdea thoinjeetibn-aroldddor Kasisel ervcettive matefiglday &l

toroi dal zgne, ,enbodi nent allows for great flexibili té in adapting the

el ect r o- acti®gRIUcHYE Bypgnapneybe nreessay: Qutdbitds it mavalse Begacuue circul ar zone

symetry, i an fabricated wi thout increasing the
ABBYitddr Spd et Glio ﬁggﬁ%ﬁl%ﬁaﬁ?

wiring and rnter connect conp r ‘exanple, an electro-active |ens
nmade from an arUslykedondétidnslifocsl, piulteb&al Wr plogr&@iviellénses wWheg thenagddr ess al |
20 4000 zones; a need to cover a circular partial region area of 35

mi | 1 i mef er'dSign RAWEESCSHERts np¢diocbepopitivasd @i tyffondificrend nBiifochl neters. On
t he ot her n.adaptive optic nade .froma pattern. of concentric rings
of the sare RS uRIpSRBh G yPR o BRCEH g e P ERTHGS AR (FS7 BGGRS e only 35
toroidal zdiffefent G&tRAIIwer £ Gillged BPtheichhheAMIpBIdaY, whQB YR Sl Y. the

pi xel pitch (and rgi%l ution) can blbeyedecreased topgnlay ’Z‘g 0.1 rrﬂél imeters
and only increase the nunber of zones (and interconnects) to 175. The
greater resolution of the zones may translate into greater confort for the
wearer, since the radial change in refractive index fromzone to zone is

smoot her and nore gradual . OF course, this design restricts one to only
vi sion corrections which are spherical in nature.

U,




54 It has been further discovered that the concentric ring design can
tailor the thickness of the toroidal rings so as to place the greatest
resolution at the radius where it is needed. For exanple, if the design
calls for phase-wapping, i.e., taking advantage of the periodicity- of

| i ght waves to achi eve greater focusing power with 5 materials of |imted
refractive index variation, one can design an array with narrower rings at
tire periphery and wider rings at the cemter of the circular partial region
of the electro-active area. This judicious use of each toroidal pixel
yiel ds the greatest focusing power obtainable for the nunber of zones
utilized whiPavstiandibehend tisdo yilizasush zone exzonss.dhepresanh infventionsaltovst i on

t t hat | . ' 0 t.h di ment, of thi
Thvention 1B etheae b RRL Mor dianhf uB 3P PG, FATE SolER lehpctiyd
far-field fqrasaliop GalDfieldadiles 10RBFredifor R Oy et Wdtking ditidedThignses

enploying a partial electro-active area. This occurs) of course, at the

ci rcul ar bouseegey cxe fatigae andheadand eyt wmovemghisn Furthermode witeo cae oeesitd sh
this, thesi nt i on ul d be programed to.have regions of |ess power for
near visi %nq¥§k E%@efv‘o‘\&aﬁ'& fjber?é"ct’)‘ﬂf e?lﬁfétr%'laﬁt_&‘[er BYe ﬁ@@@_@'@“@ﬁﬁectmﬂgveé_xarrpl e,
consi der a MéefédocreEet e disths dHect Ith fﬁbft%a@es?’ i Wl REEeShe electro-

el ectro-active region, "where the fixed focal Iength I'ens provides a

di st ance co®stve @%pstabid nedrevarkeg distana fiald to egioare qffpbanbesven this. 50 add
power presbyopic. .correction. |Ipste of maintaining this power all the way
“out to the FFQBV?}'H8$9rGJ“?tH’§ the BX‘?"F‘gg]&E‘W‘@@lW ,Cgé‘é%é’(shﬂn“% ¥E®Ndal regi ons
or 20 "bandsoreS@sieA08L BWY : j

concentric ri ﬁrs zongs, V\}g’ﬁvlhls éwgg%'n@@g‘[ e§%§%ta%\%‘ga§t%§}elégfs%g%é%?r' at

| ar ger dlGandieveer,Rbis ienatgbvaeys tHeicaseg activati on one enbodi nent m ght have

a central 26 m"nginameter circle of +2.50 add power, with a toroidal band
ext endi ng from 26288megasamitinayhe advaptageoustogedusg dhaqbigkness of thersangle or oi dal

band ext endifs t ! en wmith 25.+, 5 add wer, surrounded
by a toroi da‘t’lrﬂé;1 %i%%é‘?%r@fﬁwgs#gggﬁ%délgcﬁﬁsﬁ?gﬂ?ﬂe%‘{Iﬁgﬁ?‘{&? add power .
Thi s desi gn thiekndsg of' afinils ek, RaOYE EEdﬂGecEWFJaY BL s ploptidiDiRaREEas ant

wearing experience. Wen utilizing an_ophthal mc spectacle |ens one
gener al | y utPPMer eampensationinghe elostreractive adivstablielaiyen f Thihwolldrapplyao af ar

di stancevi i 10,3 55 mm aboye the md-line _and 6 to
7't bel dw ?ﬁéﬂ%‘dﬁ%@f‘ﬁﬁﬁ%ﬁ’ @%‘%‘i‘@%ﬁ‘%éﬂ%ﬂ lens orinatFasssofa7 - 10
nm bel ow t heofitgbtid BRcir8laciieBdpediasledlse Vi ewing. Aberrations created in the
eye appear different for distances fromthe eye and need to be corrected
differently. An dhjceegais, dsknddbe pointtd out the ithegadjiseabdeleleatralactvetihyer 5
related to t,he scgglci f%% a]berr ti 0{] correction needed. Therefore, an
aberration SPESIGRAYS qﬂﬁat%‘sﬁl% imed arga by cowldcqyar the ensige sipglegssiomt el y

the same CObF BfilhifBalfles kil fkedd LRS!
correction for all 1nt er‘%?aJ 1 at eﬂﬂ%f?é%%%z?rsg%gg%@?ﬁggﬁéﬁ%ofxﬁ.g%lsm%ne
correcti2on exactavérallsize, shape)tandilcdatios ef the ilestttie 1dybeisicBN@RiAedbn@) | OWs
for the elegtro-active adjustnment of the lens to correct certain 1

aber r at i ons 98¢ ' PretozgAancs andiagstBeticss f our sections of the |ens (distance
section, internegy i :gqg . ti-Qn).. as. 0 ed to.trying to
adj ust the el ect ?fokga%?fség%[e%ﬂfé gn@%@iﬁﬁogg‘%lﬁgenzvgggﬁﬁyt e [ ne of

si ght noves papenfisnt doavéears b&keoneaaeicambfﬂmswgflews% of ififRaH IBRNt Of an
el ectro-actjve lens_ 2200. Wthin |Iens 2200 are defined varioQus regions

proving di f PBPERTE optg it scpassibleterfnaber reduce thecaaplenityrotielbitromiB-tBedalever al
near di stan jve,reqions 2210 and. 2220 _each having a different
correct ?5 e gogmt/fe}ér)i,hc’gﬁedns ury ‘()‘%’ﬁ 8 gaf ng,rjlg sglie%lﬁge‘ﬁf’ froat ?fE‘HF’éb%S%diug‘feé RE g‘e
corrective giagieafsidRdPmuflfbOPuan %Wortdggc HE8 posbittt &atnifn?ld (hE hlhGerd €91 ONS

221 0 and 2220 are shown, any nunber of ar distance corrective regions can
be provi dedof Ginretting glectmdygs medbeé to aftivatettbe aediratetivhi lsfantesene r ect i ve

regi ons can_b 0 ovi,ded. ove md-lipe B-B, a far distance corrective
regi on 224o°‘85%"2‘5‘r¢8{§i %f&éi?‘”?eé@?ﬁﬂgewmqug?@e% the cqticeeiertospetive figid argmt ed in
a progranmeyd 23R[ALANE JERIMBNt of electrical power.




to save power for exanple, or in a static on-off manner simlar to a
conventional tri focal. Wen |looking fromfar to near, or fromnear to far
| ens 2200 can help the wearer's eye focus, by snmoothing the transition

bet ween the various focal |engths of 25 the various regions. Thereby, the
phenonenon of "inmage junp” is relieved or greatly reduced. This inprovenent
Is also provided in the enbodi nents shown in FIGS. 23 and 24, below FIG
23 is a front view of an enbodi ment of another el ectro-active |ens 2300.
Wthin I ens 2300 are defined various regions proving different refractive
56 corrections. Below mid-line CGC, a single near distance corrective
region 2310 is surrounded by a single internedi ate di stance corrective
regi on 2320. Abdihés oxicdrslduedo GreGhange dfaefrt@yeandsixmdltte dlentrocicivance |

corrective region 2330. FI 24 is a front view qgf an enbodi nent of an
embodi nent H&fgaaio‘t’ﬁé& creptes gepending yeon WA §ia§a@e@t SRR FEUCEVOIRREF Ar o

defi ned vayj el I di | 0Ly th I Lons. A single
near di st agicfgéllglg rg}gg ?\égﬁ)?g%!l’ ghﬂg%ﬁgggegﬁ‘gg%‘%f}%gdlr@s gl-gsa?ﬁgﬁgﬂéﬁ?nt er nedi at e
di st ance counveturé redationghip of 24fdontwhd blicki curedsrof eadidiagerbinflaerenpee f ar

di st anc corregtive %sgi on 2430. FIG 25 is a.side view of an enbodi nent of
anot her el Begdeg Pawier adustaeat ofthe elestso-agtive bybod or nen-byerad lens dmposk i onal | ens

2540, and BUSHANCEYRERRs Heekially thite SO pRIAE it Ra B8 Bl 0D 270)
i nsul at i ngcorapeient 252 mpottadbthadthed el&éb-aciivdlayetaloes nét Haivé its osvg Ghclan

enbodi mnent of another electro-active | ens 2600. Lens 2600 includes a
convent i onS¥rveeparaliglitp thap of thesimnglgvisien o pailizfocy) semifinished blagk psingle

el ectro-acg,i i 2. 0. nd 50, are attached,. each
separ at ed HS }cl)o%({rﬁgugflfgg@?\'gher@ggsowgn z‘giﬂﬁ ﬁ%ﬁl%‘fﬁ%ng)qeaeﬁ?pyoﬂg‘}%fs 5835, and
264S. Hoanhytgid @igutd ity SmuliRdndsirgdeet t 0- active regi ons 2620, 2630,
2640, and 2%‘%0. Regti{}? ning to thgﬂdi scussion of diffractive electro-active
| enses, an el ecltsbauldibeeolined oftthatage eetbodiment sfofadtybud electroacttan be

fabri cat ed}eldg IUHHZI%E le%ls %:atnraofuﬁct{ellty gpproach and a minimum of two electrodes. Other

embodiments utilize a multi-grid electro-active layer approach to create the electro-
active layer in which case multiple electrodes and electrical circuitry will be

15 required. When utilizing a multi-grid electro-active structure, it has been discovered
that for the boundaries of the grids that have been electrically activated to be
cosmetically acceptable (mostly invisible), it may be necessary to produce a
refractive index differential between adjacent grids of zero to .02 units of refractive
index difference. Depending upon cosmetic demands, the range of refractive index

20 differential could be from 0.01 to 0.05 units of refractive index differential but in
most inventive embodiments the difference is limited, by way of a controller to a
maximum of 0.02 or 0.03 units of refractive index difference between adjacent areas.

It is also possible to utilize one or more electro-active layers having different

electro-active structures such as a single-interconnect structure and/or a multi-grid

25  structure, which can react as needed once energized to create the desired additive
end focusing power. For example only, one could correct for distance power of a
full field by way of the anterior (electro-active layer, distal with respect to the
wearer’s eyes) and utilize the posterior (i.e. proximal) electro-active layer to focus

for near vision range utilizing a partial field specific approach generated by the




20 | ayer adjacent to a glass, polyner, or plastic substrate lens which is
inprinted or etched with a diffractive pattern. The surface of the
substrate |l ens which has the diffractive inprint is directly in contact
with the electro-active material. Thus, one surface of the el ectro-active

| ayer is also a diffractive pattern which is the mrror inmage of that on
the Il ens substrate surface. 25 The assenbly acts as a hybrid I ens, such
that the substrate | ens always provides m fixed corrective power, typically
for distance correction. The index of refraction of the electro-active

| ayer in its unactivated state is nearly identical to that of the substrate
| ens; this dPPYEudRErskshould becamoradibtapparent thet wiiliding this Mbitssleattren t he

el ectro-acti ye: [ ctivated, the s trat.e | ens and el ectro-active

| ayer have X@'?Je? %rgfg‘?{}e{’lg&n‘ﬁ’ 1xa,glfo A rﬂﬁéea&&fléfb %@E'Wv‘@ﬁ%%ﬁeé’r‘% 'ihgf‘ﬁ’ﬁﬁerl ess,
and provi desesifentddy fie€ hi®fed(6ing thetiomifl ity of bk iRbvidiaPlaGer. LINGHARGYe, Of the
substrate lens is the only corrective power. \Wen the electro-active |ayer
i s acti vat edthi§ approagh @llowh forgeguenaing theiadiFidual lagesiiv es ook es ofie ¢dne
diffracti en pat tier&ﬁbquqes additive to the substrate |lens. For exanple, if
the substtat& T8RS A B EMEp O geperty %ql@b‘fté‘?‘?"“éﬁﬁr‘%m%a@f@ﬁ fosugiag i ve
diffractive pav&lefleesS B ; { ( -] r he total
power of thebel ectro- act?%ﬁbg%%ﬁu%%ﬁ%$@%eg{$&&giugﬁh)'?l g&re.elaPsr?Ht hi s way,

t he el ect r o- seguenss, oeasdo gbirentorfmid-raage fovisingieeds andaekirvision fange her

enbodi nents, .t he el ecdtro- active 10 Jayer in the activated state may be

i ndex mat chetfoPEng Reeds an enclopks from fartp mearandithen ¢reate the remerse efect i2f gue d
crystal s areBid fbmhidageRtey That is, they display two different focal

| engths in their unactivated state when exposed to unpolarized light. This

birefring@nce gi VEs mukielt@rodsutibt tayef afprdatll alsGRUBss Pr thlier slettdlactivihere are
t wo approachﬂ(;s to solving this problem The first requires at least I S two

el ect r 0- act i }pEUSIRg RYwerraspgase tiael. Thimkappensidugtp 8 spmbingtioh of Fastas,avter o- act i ve

| | [4i i i Ly-in.the .l i th th IS, .
fobr i oat od R erffi) SebRBadabe st ifiets ndbled forlelh ByBFormilis 1 ne
nol ecul ar  al elesiedttive Myeltd 10 Al BesaukSa ﬁfu‘ltﬁ‘@l@@tﬁ’@-ﬁcﬁvl% lﬁgé;lrhgﬁﬂﬁgvfs f%)ﬂet hi's

manner, both polarizations of |ight are focused equally
| ayers, and Ripaking ynthejcomplaxity of a masteh elegtmvactivedayer Mfoitengirimordhiss can be

ayors of oy BiviaBl Gacodigh e ke oo FRg bvilerl Bpathematie | ans | 5

a doubl e-si dgsttplatife jdye€. . W th identical diffraction patterns etched on

both sides. Electro-active material is then placed in a |layer on both sides

of the center pl akhe follewmgsiesdiribgs theanaterims anddongu@ivhsofahieeletdiaganal . Then
a cover superstrate is placed. ov,erlrpgach el ectro-active layer to contain it.

Thi's provi ddS S FIgEG! vEag circyiiy,the glsetricalnosten sourae, the slertmisal
| tro-acti i j ther. A djff t
S For ot SRk eIl R ofiRed AP ritht BARR ABhlfhenchnid SR 0T

el ectro-2{ct iditanvatargimd. to give it a large chiral conponent. It has been
found that a

FIG. 19 is a perspective view of an exemplary embodiment of an electro-
active layer 1900. Attached to both sides of an electro-active material 1910 are
metallic layers 1920. Attached to the opposite side of each metallic layer 1920 are
conductive layers 1930.

25 The electro-active layer discussed above is a multilayer construction
consisting of either a polymer gel or liquid crystal as the electro-active mateﬁal.
However, in certain inventive cases both a polymer gel electro-active layer and a
liquid crystal electro-active layer are utilized within the same lens. For exampie: the

liquid crystal layer may be utilized to create an electronic tint or sunglass effect and




58 certain level of chiral concentration elimnates the in-plane

pol ari zation sensitivity, and obviates the need for tw el ectro-active

| ayers of purely nematic liquid crystal as a conponent in the

el ectro-active material. Turning nowto the materials used for the

el ectro-active layer, exanples of 5 material classes and specific

el ectro-active materials that can be used for the electro active |ayer and
| ens of the present invention are listed below Oher than the liquid
crystal materials listed belowin class I, we generally refer to each of
t hese classes of materials as polynmer gels. 10 |I) Liquid crystals This
class includes any liquid crystal filmthat forns nematicsnectic, or

chol est er i Bejpaligess sebayerperyshessilized toragddrarsybtrant pewen Botntee pohaesr gehat - can

be control ] ed.w.th an electric field. anpl es of pematic liquid grystals
are: pent y%%d;lé%uéé Bﬁygtﬁ%a%l%ﬁe(‘gﬁgﬁr{y %‘ﬁt_l&‘ﬁiﬁ%ﬁﬁ 9{/‘5&85@%@1‘1%‘%%@). Ot her
exanpl es oby dbappliediefcEickoltades BHeRlddi®-Ative Ratdial R coPered by Fwo fear®f the
conpound 4-cyano- 4-nal kyl bi phenyls, 4-n-pentyl oxy- bi phenyP’,

4- cyano- 4" upnsparkpt metallio laiesronl Sthenside, aodamondwuitivaiiaytenisatepssited cazally, E36,
E46, and the ZLI|-series de BOH (British Dru use)- Merck. 20 11)

El ectro- op'le@ﬁ}:?olFXﬁfré‘? Bm’?'{$§°8$g]§§m|cﬂc‘ioﬁﬂg§‘°3ﬁ9 ﬂ%&g‘éﬁg'ﬁ’ér me"cﬁp\"h@&P

pol ymeri ¢ gabsliddad RAssvE 0 Ly [ ti of

Pol yner s Hanggook"cmggg?.@é.&l\/arl Fglﬁaéf%ggﬁﬁg‘mﬂ e 0 %sgncdsu;&ﬁ

Woodbur r y, aridethrodgh kije e1€@96;activnmaienial) ghanghmgrthk argfrictivierigdex. In most

unsynmet ri cal . pol. ar ldéed conj ygat edp el ectrons between a donor and an
acceptor 2%% ﬁl?d‘q(‘f Grestaleand A some casehihs asisiee byussd ima sepledhose di scl osed in

-9 o N RS or R 03 BBl gy OO o0 and

Breach Publi shers, anpl'es 0 rsare as follows:

pol yst y0 eneyreps) lpyalimepesrahie, glas| yyiod hyylapidibsthvsat e, pol yvi nyl car bazol e,
pol yi m de, polysilane. Exanples of chronophores are: paranitroaniline

. npl.es | ( )
(PNA), di sper séf¥ed01s 2 prespectivgviewsy amembadimentof ko electio-aptivelens i | bene,

di et hyl ani fpgi i (DA di -t hiobarbi turic.acid. .
1 oot 1o opPd nebiag s mBadd Rhte, 17on R0N0 inclidaPRE Plokiteatiihdleritlys.
approach, 10lohlyateay ah Sdthe eribotiReAE] defihe alp ARy STPROD RAGEof wiith the pol yner

5 (pendant and main-chain), and/or c) by |attice hardening approaches such
as cross beseparated by a material having electrical insulating properties. Thus, electro-

15 active material 2010 can define a number of adjacent zones, each zone containing
one or more pixels.

Attached to one side of electro-active material 2010 is a metallic layer 2020,
which has a grid array of metallic electrodes 2030 separated by a material (not
shown) having electrical insulating properties. Attached to the opposite side (not

20  shown) of electro-active material 2010 is a symmetrically identical metailic layer
2020. Thus, each electro-active pixel is matched to ﬁ pair of electrodes 2030 to
define a grid element pair. |

Attached to metallic layer 2020 is a conductive layer 2040 having a plurality
of interconnect vias 2050 each separated by a material (not shown) having electrical

25  insulating properties. Each interconnect via 2050 electrically couples one grid
element pair to a power supply and/or controller. In an alternative embodiment,
some and/or all of interconnect vias 2050 can conne.ct more than one grid element

pair to a power supply and/or controller.



linking. I1i) Polymer liquid crystals This class includes polyner liquid
crystals (PLCs), which are also sonetines 10 referred to as liquid
crystalline polyners, |ow nolecular nass liquid crystals, self reinforcing
pol ymers, in situ-conposites, and/or nol ecul ar conposites. PLCs are

copol yners that contain sinultaneously relatively rigid and flexible
sequences such as those disclosed in "Liquid Crystalline Polyners: From
Structures to Applications” by W Brostosw, edited by A A _ Collyer,

El sevi er, New York-London, 1992, 15 Chapter 1. .Exanples of PLCs are:

pol ymet hacryl ate conpri si ng 4-cyanophenyl benzoate side group and ot her
sim | ar conpoundslt shoulébt poted thit spsrme embodjmiedtss mesallid layditi020¢d ass i ncl udes

pol yrmer dispersed Liquid crystals (PDLCs),. which consjst 20 of_ dispersions
of 1iquid cr@‘é‘f‘&%‘j‘eﬁrr 8}3? frse W‘ﬁmﬁﬂéyﬂﬁﬁ%ﬁ}%ﬁﬁf@z?%@elaﬁ%ﬁ Byap digomenbe nade
in several &: (1) by nematic curvilinear aligned phases (NCAP), by
thermal Iy i nduced phase separation (TIPS), solvent-induced phase separation
(SIPS), and pol yriercetainiinventine embddipiemteths dpat alistal) s¢PideShtermydgiapl es of
PDLCs ar e m'ggftures of Iig{tﬂid crystal E7 %BDH—I\(brck) and NOA65 (Norl and
product s, | FeTacs; aRgypr bagksnrfaeecagrbemade mepakgompiising a conventional

| yet hyl - 49 (BDH Merck) . and PNVA:
ol 7 ) i 3, i AR A B RAE
crystal E7, udlizedithanretdcirdniceprodipee fiyit Slayee Bdociatid ak part dF heRRTHoBeNgal .

60 ~ Polynmer stapilized liquid crystals This class includes
pol yner - st adFiyelens.| Inghe gvent ghat i is utibedas wouldpromideras additive tint in at hat

consi st of T Y1 | yoer_ network in which the pol yner

cont ¢ ut es PR ¥BhRY, TaRuRPbLRSbicl b dave v Jonapy iendie

phot opol yoTereitatiinferts tHRPABRChicmaticRale i A96 LA soNiLy i the A %t%%tl@dﬁ and an
W polynerization initiator. After the liquid crystal 1s aligned, the

pol yrer i zat ivdthoyt an plectramotint congpanent i Bitegrhotochramhtiominyrid/oan pe snaledednd t he
resul ting p(?lé?_ r creattlesI a network th tabilizes the ljquid crystal. For
exanpl es of P %gc, tre-agtive lgns Iayen by way ofthefgyergampasition an addes){aterde thst ydi es

of Ani SOt I ORieetrDRENRE ls§er ot BALY BBpar bR b | ur nal
of the Society for Inf gr mat i on %@%ﬁy, é/dg%ﬁﬁg%ﬂﬁﬂ&%ﬁ:g%}é?@g#%méga%o
W eder r echt ofthedens. Hhotherméneaiheielkctry-activetenyesaif-the miveatichadnNematid-c Li qui d
Crystals,. J. _of . Am m Soc., 120, 3231-3236 (1998). VI) Self assenbl ed
2 ch ogpoth i
nonl i near sGPHEHBPRL Grck: o8 bothcap be soated with; ap antizzeflesting qgaians @ dssired- opt i ¢
asymetric or ganig;id dd is f icat usi the follow ng
appr oaches: Langrru!lsr : g?%uﬁ?gtﬂtlgﬁ% Bgalstags?'haa%%r@iﬁ&f'gg%ﬂg? S{eﬁ?'é:a]&posi tion
(pol yani on/ poityudietito cjeafer sitieps| phstistSpdwér §fhere power, astigmatic power
correction, aspheric correction, or aberration correction of the wearer. Furthermore,
the subassembly can be controlled to mimic that of a Fresnell or diffractive surface.
20 Inone embodiment, if more than one type of correction is needed, two or more sub-
assemblies can be juxtaposed, separated by an electrically insulating layer. The
insulating layer may be comprised of silicone oxide. In another embodiment, the
same subassembly is utilized to create multiple power corrections. Either of the two
sub-assembly embodiments just discussed can be made of two different structures.
25  This first structural embodiment allows that each of the layers, the electro-active
layer, conductor, and metal, are contiguous, that is, continuous layers of material,
thus forming a single-interconnect structure. The second structural embodiment (as
shown in Figure 20) utilizes metallic layers in the form of a grid or array, with each

sub-array area electrically insulated from its neighbors. In this embodiment showing



nol ecul ar beam epi taxy nethods) sequential synthesis by coval ent coupling
reactions (for exanple: organotrichlorosil ane-based self assenbl ed

mul tilayer 20 deposition). These techniques usually lead to thin filns
havi ng a thickness of less than about 1 nm Still other advantages and
enbodi nents of the invention will becone readily apparent to those skilled
in this art fromthe above-recited detailed description. 25 Accordingly,

t he draw ngs, descriptions, and exanples provided herein are to be regarded
as exenplary and illustrative in nature@, and not as restrictive. For
exanpl e, electro-active eyewear can be provided that has one hybrid | ens
and one non-hybrid lens. Simlarly, electro-active eyewear can be provi ded
that has onswfigridel eétra-aévémtmna@,tthveoncbwgvehuer@nee q@dwedut@promdel d

| ect Kk | h ded
Chat has. crienss S5t BRIV S oofFre BionetPammh ec BMEPERERD Tats 0 °°
structure masneWRpaale AndadistRPl O zedmay bk 'apﬂiéd(]hcﬁisﬁe&dﬁ%rﬁcetléﬂ&nga& ucture.

62 Cains: 1. A spectacle lens conmprising: a front surface; back surface;
a peri pherilthebiyer, ceeating regiisof differemtdndexpfaefeactionin thg efectrofactied i ve error

t t f.th fract rror .correction
e baset oReEnRLRid The SFAT o, bhcina ey tHEkarsE S refHOR  of o
vearer’'s eyfaghd REAE BlebhSaMivd AReANE 1 \glféd"sﬁgctﬁ:[ eﬂmﬁe&r&@éﬁm&r

non- conventlonal refractive error to pro e at | éast a part
wearer's wosnpments;a:mgemnntaufdammmpohemp,muhrﬂmafeaﬂg@arandia:pabl e of
being nodified to tltf‘\r% {f‘qe an g%{se ass frame. 2. The lens of claim1l
wher ei n t HOMRODERSS, ILIsFLigE r?@ugﬁl ¢rt8dedde.or conventional refractive
error. 3. The Ig 9183111:113 ale corrects
for an aberratlon oL?é gln ens ‘éﬁﬁé%@ ghﬁiegﬁ%%?n&‘%es%ere %I"ﬁ%e | ens
conpri $@s singleimercadndotsliectep-activarstrabiuees Icaﬁl b¥ utifizedek leitér aQiartial lens

field or a full lens field. However, when a partial field specific electro-active layer is

utilized, in most cases, an electro-active material having a closely matching
refractive index as that of the partial field specific electro-active non-activated layer
(the framing layer) is utilized laterally adjacent to and separated from the partial

15 field specific electro-active region by an insulator. This is done to enhance the
cosmetic nature of the electro-active lens by way of keeping the appearance of the
entire electro-active layer appearing as one, in the unactivated state. Also, it should
be pointed out that in certain embodiments, the framing layer is of a non-electro-
active matenal. '

20 The polymer material can be of a wide variety of polymers where the electro-
active constituent is at least 30% by weight of the formulation. Such electro-active
polymer materials are well known and commercially available. Examples of this
material include liquid crystal polymers such as polyester, polyether, polyamide,
(PCB) penta cyano bipheny! and others. Polymer gels may also contain a thermoset

25 matrix material to enhance the processability of the gel, improve its adhesion to the
encapsulating conductive layers, and improve the optical clarity of the gel. By way
of exampies only this matrix may be a cross-linked acrylate, methacrylate,
polyurethane, a vinyl polymer cross-linked with a difunctional or multifunctional

acrylate, methacrylate or vinyl derivative.



5. The lens of claim1l wherein the lens conprises a material having a
nodi fiabl e i ndex of refraction. 63 6. The lens of claim1l wherein the
back surface is concave. The lens of claim1l wherein the lens is capabl e of
correcting non-conventional refractive error caused by one of an
aberration, irregular astigmatism and ocular layer irregularities. 8. The
|l ens of claim1l wherein the lens provides a prismatic power. 9. The | ens of
claiml wherein the | ens has a chrom c cdaracteristic. 10. The |lens of
claiml1 wherein correction of unconventional refractive error is provided
by | ocalized chanﬁes in a refractive power of the lens. 11. The | ens of
claim 1 wherein thbe thagknessoofitbe gel laves cowbs, for examplej between enat 8michans 20/ 20.
12. The | ens, of Im 1 wherein the |lens correct.s the wearer's vision to
better than i f@i : '%O%E“torﬂalf 'Fasptﬁ_lfgﬁéPﬂ'bméﬁ’g‘ﬁ?&t‘ﬁasén?'é‘ﬁ’ée’faé‘??lf>he_
correction opetwed s5uu¢ kiAo _ﬁlﬁi‘u'EQGEdié’rﬁnserTlﬁrgem?Pféa'ﬁ'H&gé a ¥R df Ling a
| ens prescrg%'tal on for unconventional refractive erfor based in part bn a
wave front eyamplepsbonh 1@0/pounds per idint ahobE80Y foondwoperdnth, boas aefthect i ve
error having a fro urface, back, syrface,.a visiop correcting area; and
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and i nserti nbouh@8iehs® mitranstthebeytdg? 2467 miaors. The.conbectivetided caf haveai m 13
wherein the |en gsrovtj };ied I s manufactured froma sem -finished | ens bl ank.
athickness of, for example, on the order of 0.05 microns to about 0.2 microns, and
as another example, from about 0.8 microns to about 0.12 microns, and as yét
10 another example, about 0.1 microns.
The metallic layer is used to provide good contact between the conductive
layer and the electro-active material. Those skilled in the art will readily recognize
the appropriate metal materials that could be used. For example, one could use gold
or silver.
15 In one embodiment, the refractive index of the electro-active material may
vary, for example, between about 1.2 units and about 1.9 units, and as another
example, between about 1.45 units and about 1.75 units, with the change in index of
refraction of at least 0.02 units per volt. The rate of change in the index with
voltage, the actual index of refraction of the electro-active material, and its
20 compatibility with the matrix material will determine the percentage composition of
the electro-active polymer into the matrix, but should result in a change of index of
refraction of the final composition of no less than 0.02 units per volt at a base
voltage of about 2.5 volts but no greater than 25 volts.
As previously discussed with the inventive embodiment utilizing a hybrid
25 design, the sections of the electro-active layer assembly are attached to a
conventional lens optic with an appropriate adhesive or bonding technique which is
transparent to visible light. This bonding assembly can be by way of release paper
or film having the electro-active layer pre-assembled and attached ready for bonding

to the conventional lens optic. It could be produced and applied to the awaiting lens




15. The nethod of claim 13 wherein the unconventi onal

corrected in part by a refractive index change. 16. A spectacle |ens
conprising: a front surface; a back surface; a peripheral edge; and a

vision correcting area having a refractive error correction,
vi sion correcting area uses adaptive optics to correct for
refractive error to provide a wearer
t he peri pheral

refractive error is

wherein the
non- convent i onal
better than 20/20 vision and wherein
edge is capable of being nodified to fit within an eyegl ass

frame. 17. An apparatus for determning the refractive error of a patient's
eye, conprising: an optic within the line of sight of the patient's eye,

wherein the optic i s capabl e of

eye; and
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refracting light entering the patient's
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creates the electrically modifiable power of the invention. The electro-active layer
may occupy the entire lens area or only a portion of it.

The index of refraction of the electro-active layers can be correctly altered
only for the area needed to focus. For example, in the hybrid partial field design
previously discussed, the partial field area would be activated and altered within this

area. Therefore, in this embodiment the index of refraction is altered in only a

~specific partial region of the lens. In another embodiment, that of a hybrid full field

design, the index of refraction is altered across the entire surface. Similarly, the
index of refraction is altered across the entire area in the non-hybrid design. As
discussed earlier, it has been discovered that in order to maintain an acceptable
optical cosmetic appearance the refractive index differential between adjacent areas
of an electro-active optic should be limited to a maximum of 0.02 units to 0.05 units
of refractive index differential, preferably 0.02 units to 0.03 units.

It i1s envisioned within the invention that in some cases the user would utilize
a partial field and then want to switch the electro-active layer to a full field. In this
case, the embodiment would be designed structurally for a full field embodiment;
however, the controller would be programmed to allow for switching the power
needs from a full field to a partial field and back again or vice versa.

In order to create the electric field necessary to stimulate ;:he electro-active
lens, voltage is delivered to the optical assemblies. This is provided by bundles of
small diameter wires, which are contained in the edges of the frames of the
spectacles, The wires run from a power source described below into the an electro-
active eyewear controller, and/or one or more controller components, and to the

frame edge surrounding each spectacle lens, where state-of-the-art wire bonding

of the

19. The




cl osed-1 oop fashion based upon the neasurenents made by the wave-front
nmeasur enent device. 22. The apparatus of claim 17 wherein the refraction
properties of the optic at | east one of conventional or non-conventi onal
refraction properties. 23. The apparatus of claim 17 wherein the optic is
nodified in its power prescription as a final optical prescription for the
patient is determ ned. 24. The apparatus of claim 17 wherein the optic is
nodified in its power prescription as tha patient determnes his or
hervisual clarity. 66 25. The apparatus of claim 17 wherein the
refractive error is one of nyopia, hyperopia, astigmatism presbyopia,

i rregul ar aseshpimes vpedoin semicoinducter memufa@ering hiek dpaites tozadi grid elieme?6
wherein the .sqgurce. of the, aberration is within the human eye: 27. The
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of the pati eféanfngEt i etRe | ' | -1Lvel both. 28
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eye conpri sifaguired andfonbictver wives whuddyetrecessayfonenchlens: ritervatthgs woild
wave-fro %gal ¥1zei associ ated with the refractor or phoropter, wherein the
refractive eFriBPlgdtone condyctiysaysy, WigiRsrRargsaen therappesing sideof the gst

non- convent i ' , | n: Lcal. measuring system
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t he optical neasyring systemquantifies the refractive error automatically.
30. The opt i%%?“ﬂ%&@%??ﬁ@f%ﬁﬁﬁ@rﬁme@%%emmmledeMe optical measuring
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10 with a distinct voltage, and conductors connect each wire lead in the frame to a grid

element on the lens. An optically transparent conducting material such as indium
oxide, tin oxide, or indium tin oxide (ITO) may be used to form the conductive layer
of the electro-active assembly which is used to connect the wires in the frame edges
- to each grid element in the electro-active lens. This method can be used regardless
15 of whether @e electro-active area occupies the entire lens region or only a portion of
it.

To provide electric power to the optical assemblies, a source of electricity,
such as a battery, is included in the design. The voltages to create the electric field
are small, hence, the temples of the frames are designed to allow for the insertion

20 and extraction of miniature bulk batteries which provide this power. The batteries
are connected to the wire bundles through a multiplexing connection also contained
in the frame temples. In another embodiment, conformal thin film batteries are
attached to the surface of the frame temples with an adhesive that allows them to be
removed and xeple_lced when their charge is dissipated. An alternative would be to

25 provide an AC adapter with an attachment to the frame-mounted batteries to allow in
situ charging of either the bulk or conformal thin-film batteries when not in use.

An alternate energy source is also possible whereby a miniature fuel cell

could be included in the spectacle frames to provide greater energy storage than



67 31. The optical measuring systemof claim28 wherein the optical
measuring system neasures the refractive error wwth the aid of the patient.
32. The optical neasuring systemof claim28 wherein a lens is inserted in
front of the patient's eye and wherein the lens is nodi Fed to correct for
the patient's refractive error as the patient's refractive error is being
quantified. 33. The optical neasuring systemof claim32 wherein by the
lens is nodified in its prescription as the patient decides on his or her
visual clarity in response to the nodijs cation of the lens. 34. The opti cal
measuring system of claim28 wherein the conventional refractive error is
one of nyopia, astigmatism hyperopia, presbyopia, and wherein the

non- convenbawerids. The fiettdlv@ult beorech@goh@ithh shiallggell cahises tiag igedts flednd an
aberration, 35. The agptical neasuring systemof claim34 wherein the
aber r at i on 1918 2FFSCHIOH 1p Hie Spactagle Bpmes36. “ The optical measuring system of
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68 37. A matdisbyafayefafilifinggn tvieativeRbrid BMRiISgritbstRitnae WPMOadH WRichanal yzer
and a lens, wherein the lens corrects a patient's vision while the patient
i s seei Ry SPMPiEsE mpsteasss buheotialing pamigl figld specific sagicenrdhstowdd be bei ng

generated Qv f ront al yzer...38. . wave- front anal r.of claim
37, wherei Hg'tn}fg%ugnsﬁgeso ﬂgﬁ%@&eﬁé}@gﬁ%Jg%@_mgg{@ﬁ WA ‘%%Y%'ngasuri ng
a refracti gl R¢ld flul@lrid sP@dtirthn bé QfiREdSdsgelp Wave-front anal yzer and at

| east one |l ens, wherein the systemis capable of providing the patient with

i nproved vi si onlngnother intventpnetapproach,swheselky mup-¢dnvennipgnal tefraativé emst one | ens,
while the yoyes LRkl Getsslotd a kg sT5an t BIFh the eyewear, such as

10 discussed above, and the proper enabling software and programming of the electro-
active eyewear controller, and/or one or more controller components, housed in the
electro-active eyewear is provided. This inventive embodiment both tracks one’s
line of sight, by way of tracking one’s eyes,*énd applies the necessary electrical
energy to the specific area of the electro-active lens being looked through. In other

15 words, as the eyes move a targeted electrically energized area would move across
the lens corresponding to one’s line of sight directed through the electro-active lens.
This would be manifested in several different lens designs. For example, the user
could have a fixed power lens, an electro-active lens, or a hybrid of both types to
correct for conventional (sphere; cylinder, and prism) refractive error. In this

20 - example, the non-conventional refractive error would be corrected by way of the
electro-active layer being of a multi-grid structure whereby, as the eye moves the
corresponding activated region of the electro-active lens would move with the eye.
In other words, the eye’s line-of-sight corresponding to the eye’s movement, as it
intersects the lens would move across the lens in relationship to the eye’s

25 movements.

In the above inventive example it should be pointed out that the multi-grid

electro-active structure, which is incorporated into or on the hybrid electro-active

lens can be of a partial field or a full field design.




40. The system of claim 39, wherein the wave-front analyzer is coupled to
an electro-active lens. 41. The systemof claim 39, wherein the wave-front
anal yzer is coupled to a conventional |ens. 42. The system of claim 39,
wherein the refractive error is at |east one of conventional refractive
error and non-conventional refractive error. 43. A systemfor neasuring a
refractive error of a patient conprising a wave-front anal yzer and at | east
one lens, wherein the systemis capable @&f subjectively and objectively
measuring the patient's refractive error. 69 44. The system of claim43,
wherein the wave-front analyzer is coupled to an electro-active |ens. 45.
The system of cl dt shoudd bgpeiptdout Haliviag shis inyentivpembodimentongsapl ed to a

conventional | ens. .46., The .system of clai,m 43, .wherein.the,refractive error
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conbi ning a subjective eye examwith a wave-front analysis of the patient's
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net hod of, cl im47.,e2tv§)/gerein t he subj ecti}/)ﬁ*e e examutiljzes at.|east one
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wherei n the non-conventi ractive error correction cor or at

| east one al28/20atision corréd@ihgADr axampls . migopia, hierophs astidsnatidn, atD. A, . A0, . A;
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conventional error, as well. In several of the previous mentioned embodiments, this
targeted and tracked area can be automatically located with the assistance of the
controller, and/or one or more controller components, by way of either a range finder
15 located in the eyewear tracking the eye movements, with a eye tracking system
located in the eyewear or both a tracking system and a range finder system.
Although only a partial electro-active region is utilized in certain designs, the
entire surface is covered with the electro-active material to avoid a circular line
visible to the user in the lens in the nonactivated state. In some inventive
20 embodiments, a transparent insulator is utilized to keep the electrical activation
limited to the central area being activated and the unactivated peripheral electro-
active material is utilized to keep the edge of the active region invisible.
In another embodiment, thin film solar cell arrays can be attached to the
surface of the frames, and voltage is supplied to the wires and the optical grid by
25  photoelectric effect using sunlight or ambient room lighting. In one inventive
embodiment, solar arrays are used for primary power, with the miniature batteries

discussed earlier included as back up power. When electrical power is not needed

the batteries can be charged from the solar cells during these times in this
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near vision zones.

In one exemplary embodiment, the switch itself is located on the spectacle

lens frames and is connected to a controller, for example, an Application Specific
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In one exemplary embodiment, this controller, and/or one or more controller
components, is fabricated and/or programmed with knowledge of the user’s vision
correction requirements, and allows the user to easily switch between different

10 arrays of pre-determined voltages tailored for his or her individual vision
requirements. This electro-active eyewear controller, and/or one or more controller
components, is easily removable and/or programmable by the vision care specialist
or technician and replaced and/or reprogrammed with a new “prescription”
controller when the user’s vision correction requirements change.

15 One aspect of the controller-based switch is that it can change the voltage
applied to an electro-active lens in less than a2 microsecond. If the electro-active
layer is manufactured from a fast-switching material, it is possible that the rapid
change in focal length of the lenses may be disruptive to the wearer’s vision. A
gentler transition from one focal length to another may be desirable. As an

20 additional feature of this invention, a "lag time" can be programmed into the
controller that would slow the transition. Conversely, a "lead time" could be
programmed into the controller that would speed the transition. Similarly, the
transition could be anticipated by a predictive algorithm.

In any event, the time constant of the transition can be set so that it is

25  proportional and/or responsive to the refractive change needed to accommodate the
wearer’s vision. For example, small changes in focusing power could be switched
rapidly; while a large change in focusing power, such as a wearer quickly moving

his gaze from a distant object to read printed material, could be set to occur over a
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transmitter which sends a signal regarding switch position to a tiny receiver antenna
mounted conformably on the spectacle frames. In both of these switch

10 configurations, the user has direct but discreet control over the focal length variation
of his or her spectacles.

In yet another exemplary embodiment, the switch is automatically controlied
by a range finding device located, for example, in the frame, on the frame, in the
lens, and/or on the lens of the spectacles, and pointing forward toward the object to

15  be perceived.

FIG. 21 is a perspective view of another inventive embodiment of electro-
active eyewear 2100. In this illustrative example, frames 2110 contain electro-active
lenses 2120 that are connected by connecting wires 2130 to controller 2140
(integrated circuit) and power source 2150. A range finder transmitter 2160 is

20 attached to an electro-active lens 2120 and a range finder receiver 2170 is attached
-~ to the other electro-active lens 2120. In various alternative embodiments,
transmitter 2160 and/or receiver 2170 can be attached to any electro-active lens
2120, attached to frame 2110, embedded in lens 2120, and/or embedded in frame
2110. Further, range finder transmitter 2160 and/or receiver 2170 can be controlled
25 by controller 2140 and/or a separate controller (not shown). Similarly, signals
received by receiver 2170 can be processed by controller 2140 and/or a separate
controller (not shown).
In any event, this range finder is an active seeker and can utilize various

sources such as: lasers, light emitting diodes, radio-frequency waves, microwaves, or
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FFGGGGEGGHD @ mbodiment, a vertical cavity surface-emitting laser (VCSEL) is used as the light
transmitter. The small size and flat profile of these devices make them attractive for
this application. In another embodiment, an organic light emitting diode, or OLED,
5 s used as the light source for the rangefinder. The advantage of this device is that
OLEDs can often be fabricated in a way that they are mostly transparent. Thus, an
OLED might be a preferable rangefinder design if cosmetics is a concern, since it
could be incorporated into the lens or frames without being noticeable.
An appropriate sensor to receive the reflected signal off the object is placed
10  in one or more positions on the front of the lens frames and connected to a tiny
controller to compute the range. This range is sent via a wire or optical fiber to thé
switching controller located in the lens frames or a wireless remote carried on
oneself and analyzed to determine the correct switch setting for that dbj ect distance.
In some cases, the ranging controller and switching coatroller may be integrated
15  together.
In another exemplary embodiment, the switch can be controlied by a small
but rapid movement of the user’s head. This would be accomplished by including a
tiny micro-gyroscope or micro-accelerometer in the temple on the lens frames. A
small, rapid shake or twist of the head would trigger the micro-gyro or micro-
20  accelerometer and cause the switch to rotate through its allowed position settings,
changing the focus of the electro-active lens to the desired correction.
Yet another exemplary embodiment uses a combination of microgyroscope
with a manual switch. In this embodiment, the microgyroscope is utilized for mostly
reading and visual functions below the 180 so as to react to one’s head tilt. Thus,
25  when one’s head tilts, the microgyroscope sends a signal to the controller indicating
the degree of head tilt, which is then converted into increased focusing power,
depending on the severity of the tilt. The manual switch, which can be remote, is

used for overriding the microgyroscope for certain visual functions at or above the

180, such as working on a computer.
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focusing power of the electro-active assembly, another exemplary embodiment
utilizes an eye-tracker to measure inter-pupillary distance. As the eyes focus on
distant or near objects, this distance changes as the pupils converge or diverge. At
10  least two light-emitting diodes and at least two adjacent photo-sensors to detect
reflected light from the diodes off the eye are placed on the inside frame near the
nose bridge. This system can sense the position of the edge of the pupil of each eye
and convert the position to inter-pupillary distance to calculate the distance of the
object from the user’s eye plane.. In certain embodiments three or even four light
15  emitting diodes and photo sensors are used to track eye movements.

In addition to vision correction, the electro-active layer can also be used to
give a spectacle iens an electro-chromic tint. By applying an appropriate voltage to
an appropriate gel polymer or liquid crystal layer, a tint or sunglass effect can be
mmparted to the lens, which alternates the light transmission somewhat through the

20 lens. This reduced light intensity gives a "sunglass" effect to the lens for the comfort
of the user in bright, outdoor environment. Liquid crystal compositions and gel
polymers with high polarizability in response to an applied electric field are most
attractive for this application. -

In some inventive embodiments, this invention may be used in locations

25 where temperature variations may be sizeable encugh to affect the index of
refraction of the electro-active layer. Then, a correction factor to alt of the supplied
voltages to the grid assemblies would have to be applied to combensate for this
effect. A miniature thermistor, thermocouple, or other temperature sensor mounted

in or on the lens and/or frame and connected to the power source senses changes in
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temperature. The controller converts these readings into voltage changes needed to
compensate for the change in refractive index of the electro-active material.

However, in certain embodiments electronic circuitry is actually built into or
on the lens surface for the purpose of increasing the temperature of the electro-active

5 layeror layers. This is done to further reduce the refractive index of the electro-
active layers thus maximizing lens power changes. Increased temperature can be
utilized either with or without voltage increases thus giving additional flexibility in
being able to control and change the lens power by way of refractive index changes.
When temperature is utilized it is desirable to be able to measure, get feed back and

10 control the temperature which has been deliberately applied.

In the case of either a partial or full field grid array of individually addressed
electro-active regions, many conductors may be necessary to multiplex specific
voltages from the controller to each grid element. For ease of engineering these
interconnects, the invention locates the controller in the front section of the spectacle

15 frames, for example, in the nose bridge area. Thus, the power source, which is
located in the temples, will be connected to the controller by only two conductors
through the temple-front frame hinge. The conductors linking the controller;-(.)‘ the
lenses can be totally contained within the front section of the fra;mc.

In some embodiments of the invention, the spectacles may have one or both

20 spectacle frame temples, parts of which are easily removable. Each temple will
consist of two parts: a short one which remains connected to the hinge and front
frame section and a longer one which plugs into this piece. The unpluggable part of
the temples each contain an electrical power source (battery, fuel cell, etc.) and can
be simply removed and reconnected to the fixed portion of the temples. These

25 removable temples are rechargeable, for example, by placing in a portable A.C.
charging unit which charges by direct current flow, by magnetic induction, or by any
other common recharging method. In this manner, fully charged replacement

temples may be connected to the spectacles to provide continuous, long-term

activation of the lenses and ranging system. In fact, several replacement temples
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may be carried by the user in pocket or purse for this purpose.

In many cases, the wearer will require spherical correction for distance, near,
and/or intermediate vision. This allows a variation of the fully interconnected grid
array lens, which takes advantage of the spherical symmetry of the required

5 corrective optic. In this case a special geometrically shaped grid consisting of
concentric rings of electro-active regions may comprise either the partial region or
full field lens. The rings may be circular or non circular such as, for example,
elliptical. This configuration serves to reduce substantially the number of required
electro-active regions that must be separately addressed by conductor connections

10 with different voltages, greatly simplifying the interconnect circuitry. This design
allows for the correction of astigmatism by employing a hybrid lens design. In this
case, the conventional optic may provide cylindrical and/or astigmatic correction,
and the concentric ring electro-active layer may provide the spherical distance and/or
near vision correction.

15 This concentric ring, or toroidal zone, embodiment allows for great
flexibility in adapting the electro-active focusing to the wearer’s needs. Because of
the circular zone symmetry, many more thinner zones can be fabricated without
increasing the wiring and interconnect complexity. For example, an electro-active
lens made from an array of 4000 square pixels will require wiring to address all

20 4006 zones, a need to cover a circular partial region area of 35 millimeters diameter
will yield a pixel pitch of about 0.5 millimeters. On the other hand, an adaptive
optic made from a pattern of concentric rings of the same 0.5 millimeter pitch (or
ring thickness) will require only 35 toroidal zones, greatly reducing the wiring
complexity. Conversely, the pixel pitch (and resolution) can be decreased to only

25 0.1 millimeters and only increase the number of zones (and interconnects) to 175.
The greater resolution of the zones may translate into greater comfort for the wearer,_
since the radial change in refractive index from zone to zone is smoother and more
gradual. Of course, this design restricts one to only vision corrections which are

spherical in nature.
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thickness of the toroidal rings so as to place the greatest resolution at the radius
where it is needed. For example, if the design calls for phase-wrapping, i.e., taking
advantage of the periodicity of light waves to achieve greater focusing power with
5 materials of limited refractive index variation, one can design an array with narrower
rings at the periphery and wider rings at the center of the circular partial region of
the electro-active area. This judicious use of each toroidal pixel yields the greatest
focusing power obtainable for the number of zones utilized while minimizing the
ahasing effect present in low resolution systems that empioy phase-wrapping.
10 In another embodiment of this invention, it may be desired to smooth the
sharp transition from the far-field focus region to the near vision focus region in
hybrid lenses employing a partial electro-active area. This occurs, of course, at the
circular boundary of the electro-active region. In order to accomplish this, the
invention would be programmed to have regions of less power for near vision in the
15 periphery of the electro-active region. For example, consider a hybrid concentric
ring design with 2 35 mm diameter electro-active region, where the fixed focal
length lens provides a distance correction, and the electro-active region provides a
+2.50 add power presbyopic correction. Instead of maintaining this power all the
way out to the periphery of the electro-active region, several toroidal regions or
20 "bands", each containing several addressable electro-active concentric ring zones,
would be programmed to have decreasing power at larger diameters. For example,
during activation one embodiment might have a central 26 mm diameter circle of
+2.50 add power, with a toroidal band extending from 26 to 29 mm diameter with
+2.00 add power, another toroidal band extending from 29 to 32 mm diameter with
25 +1.5 add power, surrounded by a toroidal band extending from 32 to 35 mm
diameter with +1.0 add power. This design may be useful in providing some users
with a more pleasant wearing experience.
When utilizing an ophthalmic spectacle lens one generally utilizes the top

approximately one-half of the lens for far distance viewing. Approximately 2 to 3
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mm above the mid-line and 6 to 7 mm below the mid-line for intermediate distance
viewing and from 7 - 10 mm below the mid-line for near distance viewing.
Aberrations created in the eye appear different for distances from the eye and
need to be corrected differently. An object’s distance that is being viewed is directly
5 related to the specific aberration correction needed. Therefore, an aberration created
from the eye’s optical system will need approximately the same correction for all far
distances, approximately the same correction for all intermediate distances, and
approximately the same correction for all near point distances. Therefore, the
invention allows for the electro-active adjustment of the lens to correct certain
10 aberrations of the eye, in three or four sections of the lens (distance section,
intermediate section and near section), as opposed to trying to adjust the electro-
active lens grid-by-grid as the eye and the eye’s line of sight moves across the lens.
FIG. 22 is a front view of an embodiment of an electro-active lens 2200.
Within lens 2200 are defined various regions proving different refractive corrections.
15 Below mid-line B-B, several near distance corrective regions 2210 and 2220 each
having a different corrective power, are surrounded by a single intermediate distance
corrective region 2230. Although only two near distance corrective regions 2210
and 2220 are shown, any number of near distance corrective regions can be
provided. Similarly, any number of intermediate distance corrective regions can be
20 provided. Above mid-line B-B, a far distance corrective region 2240 are provided.
Regions 2210, 2220, and 2230 can be activated in a programmed sequence manner,
to save power for example, or in a static on-off manner similar to a conventional tri-
focal. When looking from far to near, or from near to far, lens 2200 can help the
wearer’'s eye focus, by smoothing the transition between the various focal lengths of
25 the various regions. Thereby, the phenomenon of "image jump" is relieved or
greatly reduced. This improvement is also provided in the embodiments shown in
FIGS. 23 and 24, below.
FIG. 23 is a front view of an embodiment of another elecfro—active lens

2300. Within fens 2300 are defined various regions proving different refractive
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corrections. Below mid-line C-C, a single near distance corrective region 2310 is
surrounded by a single intermediate distance corrective region 2320. Above mid-
line C-C, is located a single far distance cc;rrective region 2330, -

FIG. 24 is a front view of an embodiment of an embodiment of another
5 electro-active lens 2400. Within lens 2400 are defined various regions providing
different refractive corrections. A single near distance corrective region 2410 is
surrounded by a single intermediate distance corrective region 2420, which is
surrounded by a single far distance corrective region 2430.
FIG. 25 is a side view of an embodiment of another electro-active lens 2500.

10 Lens 2500 includes a conventional lens optic 2510 to which several full field
electro-active regions 2520, 2530, 2540, and 2550 are attached, each separated from
the adjacent regions by insulating layers 2525, 2535, and 2545.

FIG. 26 is a side view of an embodiment of another electro-active lens 2600.
Lens 2600 includes a conventional lens optic 2610 to which several partial field

15 electro-active regions 2620, 2630, 2640, and 2650 are attached, each separated from
the adjacent regions by insulating layers 2625, 2635, and 2645. Framing region
2660 surrounds electro-active regions 2620, 2630, 2640, and 2650.

Returning to the discussion of diffractive electro-active lenses, an electro-
active lens for correcting refractive error can be fabricated using an electro-active

20 layer adjacent to a glass, polymer, or plastic substrate lens which is imprinted or
etched with a diffractive pattern. The surface of the substrate lens which has the
diffractive imprint is directly in contact with the electro-active material. Thus, one
surface of the electro-active layer is also a diffractive pattern which is the mirror
image of that on the lens substrate surface.

25 The assembly acts as a hybrid lens, such that the substrate lens always
provides a fixed corrective power, typically for distance correction. The index of
refraction of the electro-active layer in its unactivated state is nearly identical to that
of the substrate lens; this difference should be 0.05 index units or less. Thus, when

the electro-active lens is unactivated, the substrate lens and electro-active layer have
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the same index, and the diffractive pattern is powerless, and provides no correction
(0.00 diopter). In this state, the power of the substrate lens is the only corrective
power.

When the electro-active layer is activated, its index changes, and the

5 refractive power of the diffraction pattern becomes additive to the substrate lens.
For example, if the substrate lens has a power of -3.50 diopter, and the electro-
active diffractive layer has a power when activated of +2.00 diopter, the total power
of the electro-active lens assembly is —1.50 diopter. In this way, the electro-active
lens allows for near vision or reading. In other embodiments, the electro-active

10 layer in the activated state may be index matched to the lens optic.

Electro-active layers that use liquid crystals are birefringent. That is, they
display two different focal lengths in their unactivated state when exposed to
unpolarized light. This birefringence gives rise to double or fuzzy images on the
retina. There are two approaches to solving this problem. The first requires at least

15 two electro-active layers to be used. One is fabricated with the electro-active
molecules aligned longitudinally in the layer, while the other is fabricated with
latitudinally oriented molecules in its layer; thus, the molecular alignment in the two
layers is orthogonal to each other. In this manner, both polarizations of light are
focused equally by both of the layers, and all light is focused at the same focal

20 length.

This can be accomplished by simply stacking the two orthogonally-aligned
electro-active layers or by an alternative design in which the center layer of the lens
is a double-sided plate, i.e., with identical diffraction patterns etched on both sides.
Electro-active material is then placed in a layer on both sides of the center plate,

25 assuring that their alignments are orthogonal. Then a cover superstrate is placed
over each electro-active layer to contain it. This provides a simpler design than
superimposing two distinct electro-active/diffractive layers on top of each other.

A different alternative requires one to add a cholesteric liquid crystal to the

electro-active material to give it a large chiral component. It has been found that a
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certain level of chiral concentration eliminates the in-plane polarization sensitivity,
and obviates the need for two electro-active layers of purely nematic liquid crystal as
a component in the electro-active material.
Tuming now to the materials used for the electro-active layer, examples of
5 matenial classes and specific electro-active materials that can be used for the electro-
active layer and lens of the present invention are listed below. Other than the liquid
crystal materials listed below in class 1, we generally refer to each of these classes of

materiais as polymer gels.

10 I) Liquid crystals
This class includes any liquid crystal film that forms nematic; smectic, or

cholesteric phases that possess a long-range orientational order that can be
controlled with an electric field. Examples of nematic liquid crystals are: pentyi-
cyano-biphenyl (SCB), (n-octyloxy)-4-cyanobiphenyl (80CB). Other examples of

15 liquid erystals arethen =3, 4, 5, 6, 7, 8, 9, of the compound 4-cyano-4-n-
alkylbiphenyls, 4-n-pentyloxy-biphenyl, 4-cyano-4“-n-alkyl-p-terphenyls, and
commercial mixtures such as E7, E36, E46, and the ZLI-series made by BDH
(British Drug House)- Merck.

20 M) Electro-optic polymers
This class includes any transparent optical polymeric material such as those

disclosed in "Physical Properties of Polymers Handbook” by J. E. Mark, American
Institute of Physics, Woodburry, New York, 1996, containing molecules having
unsymmetrical polarized conjugated p electrons between a donor and an acceptor

25  group (referred to as a chromophore) such as those disclosed in "Organic Nonlinear
Optical Materials" by Ch. Bosshard et al., Gordon and Breach Pﬁblishers,
Amsterdam, 1995. Examples of polymers are as follows: polystyrene,
polycarbonate, polymethylmethacrylate, polyvinylcarbazole, polyimide, potysilane.
Examples of chromophores are: paranitroaniline (PNA), dispersered 1 (DR 1), 3-
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10%& 0 ITnethyl-4-me1gh)oxy-4‘-nitrostilbex(ng, diethylaminonitrostilbene (DANS), diethyl-thio-
barbituric acid.
Electro-optic polymers can be produced by: a) following a guest/host
approach, b) by covalent incorporation of the chromophore into the polymer
5 (pendant and main-chain), and/or c) by lattice hardening approaches such as cross-

linking,

ILI) Polymer liquid crystals
This class includes polymer liquid crystals (PLCs), which are also sometimes
10 referred to as liquid crystalline polymers, low molecutar mass liquid crystals, self-
reinforcing polymers, in sity-composites, and/or molecular composites. PLCs are
copolymers that contain simultaneously relatively rigid and flexibie sequences such
as those disclosed in "Liquid Crystalline Polymers: From Structures to Applications"
by W. Brostow, edited by A. A. Collyer, Elsevier, New-York-London, 1992,
15 Chapter 1. Examples of PLCs are: polymethacrylate comprising 4-cyanophenyl

benzoate side group and other similar compounds.

IV) Polymer dispersed liquid crystals
This class includes polymer dispersed liquid crystals (PDLCs), which consist

20  of dispersions of liquid crystal droplets in a polymer matrix. These materials can be
made in several ways: (i) by nematic curvilinear aligned phases (NCAP), by
thermally induced phase separation (TIPS), solvent-induced phase separation (SIPS),
and polymerization-induced phase separation (PIPS). Examples of PDLCs are:
mixtures of liquid crystal E7 (BDH-Merck) and NOA65 (Norland products, Inc.

25 NJ); mixtures of E44 (BDH-Merck) and polymethylmethacrylate (PMMA);
mixtures of E49 (BDH-Merck) and PMMA: mixture of the monomer
dipentaerythrol hydroxy penta acrylate, liquid crystal E7, N-vinylpyrrolidone, N-
phenylglycine, and the dye Rose Bengal.
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5 monomer is mixed together with a liquid crystal and an UV polymerization initiator.
After the liquid crystal is aligned, the polymerization of the monomer is initiated
typically by UV exposure and the resulting polymer creates a network that stabilizes
the liquid crystal. For examples of PSLCs, see, for instance: C. M. Hudson et al.
Optical Studies of Anisotropic Networks in Polymer-Stabilized Liquid Crystals,

10 Journal of the Society for Information Display, vol. 5/3, 1-5, (1997), G. P.
Wiederrecht et al, Photorefractivity in Polymer-Stabilized Nematic Liquid Crystals,
J. of Am. Chem. Soc., 120, 3231-3236 (1998).

V1) Self-assembled nonlinear supramolecular structures

15 This class includes electro-optic asymmetric organic films, which can be
fabricated using the following approaches: Langmuir-Blodgett films, alternating
polyelectrolyte deposition {polyanion/polycation) from aqueous solutions,
molecular beam epitaxy methods, sequential synthesis by covalent coupling
reactions (for example: organotrichiorosilane-based self-assembled multilayer

20  deposition). These techniques usually lead to thin films having a thickness of less

than about 1 mm,

Still other advantages and embodiments of the invention will become readily
apparent to those skilled in this art from the above-recited detailed description.

25 Accordingly, the drawings, descriptions, and examples provided herein are to be
regarded as exemplary and illustrative in nature, and not as restrictive. For example,
electro-active eyewear can be provided that has one hybrid lens and one non-hybrid
lens. Similarly, electro-active eyewear can be provided that has one full field

electro-active lens and one partial field electro-active lens. Likewise, electro-active
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error to provide at least a part of the wearer’s vision correction and wherein the peripheral edge

is capable of being modified to fit within an eyeglass frame.

2. The lens of claim 1 wherein the vision correcting area corrects for conventional refractive
error.

3. The lens of claim 1 wherein the vision correcting area corrects for an aberration of the
lens.

4. The lens of claim 1 wherein the lens comprises a material having a variable index of
refraction.

5. The lens of claim 1 wherein the lens comprises a material having a modifiabie index of

refraction.



11 113"110%& ()- | IP 10%%$& ()- | 1P1O%& ()-1 | PAOWR ()- |

S1099& ()- |1f-1098& ()-(J<JIJ. KKK/ [:vU4 1 | 13S, 109%& ()- | v*V$1098& ()- |
| 3(1098&' ()- | 13C 10%$& ()- | 9%0%W&R ()- |P#10%& ()- KKLBMWMW obU4 1
| LP10%8! S& ()-10$10$10$1 13V61098& ()-1 O /! 10%#& ()- V,/!10%& ()-

| 3. 1099&' ()- M\VNNLIPQ2RzS| [:bU4 1 | e#! 10%! 0& ()- 10! 109%8g S& ()-|

101 10%g! g& ()-1 z{0!'10%K & ()- pl0%*& ()-0 |plOo¥s! S& ()-0zSSUnUVWVW| obU4
1 116109!9& ()-10S! S10S! s10S! Sl 13f 109! S& ()-M 11 +P"10%5r S& () -

el +P"10%! 0& () - |1#! 10%8! S& ()-VXMYM [\|[:bU4 1 | z#3"10%!j & ()-
11"10999& ()-1 O"10%R!?& ()-1 If 1109039& ()- H{f !1098!8& ()- W

| 109! F& () -\ Er “a'vUd 1 Ipyf 10%8n S& ()- |1ylous! S& () -

| L310%5! S& () - 10UT! U1OUT! ULOUT! U e#3" 109UJT! U&' () - : ‘

| #3" 10949\ & @he Sospfelye é hessingha back pustace Fopncas: ()| DS 1090 N& () - |

i, M 1098S& ()- Ip|f 1048 S& ()- el!10% & ()- Ip) f

10%8! S& ()-ccdfdzZeff|[:vU4 1 | 6 0- 10%H#& ()-<I |)P 10! v& ()-1 |6%-
108! S& ()- 16"- 1098S& ()- .ILL!I'"10%5 S& g) - . .
| S 109s!7s8: (b legs ofckfm wbatsinshgylens 1s capgbls of goprecting ngygenygptopal fefeacditns) S10S! S
5] 1098! S& ()-. 13 1098! S& ()-< 1210%8! S& ()-.ijjNkIBnn|[:vU4 1

|, " 109/9!958r fapsed by onq plognjabarrafiph, imegplis estigmaiis. and acyipager(iregulariyigfor g1 () - m
1109 & ()-no~pgqqgg=tvU4 1 IS 10%0! p& ()- |0P10%0! p& ()-109!9109! 9109! 9
13410991 9& ()-0 1S, 11091 9& ()- S, 110%!& ()-=tt7vvww y|[:vU4 1 |

sl +"10%0! & ()-1. 11 10% p& ()- I M 10%C & ()-.sIlm1090! & () -

sl i 1096t & ( %fhe llcPsn‘?ff%’d}@é! &fetf%tb? {79% E&‘?G“z‘xﬁﬁé‘?ﬂf@&“"fﬂ kf!10% & () -

f110%! k& ()- |,pl0% & ()-10*10*10* el +"10% & () -

I!+"10%)?! pfg I()-:{|x}~g|l[:v(l)J4 1 118 ith% ?&' ()- 11$110%@@ ()-1 1f!10%
& ()- 6f9'. 10 /(%heg l%ns( gf_cla.lixIl 1 %v%é'ée% tﬁg fensz I];a's %gh/f‘yiml'\(l:géhgl)aéter%tjil?’

10.  The lens of claim 1 wherein correction of unconventional refractive error is provided by

localized changes in a refractive power of the lens.

11. The lens of claim 1 wherein the lens corrects the wearer’s vision to better than 20/20.

12. The lens of claim 1 wherein the lens corrects the wearer’s vision to better than 20/10.

13. A method for producing a spectacle lens for the correction of non-conventional refractive
EeITor Comprising:

determining a lens prescription for unconventional refractive error based in part on a
wave front analysis of an eye.

providing a lens to correct for refractive error having a front surface, a back surface, a

vision correcting area; and a peripheral-edge;
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15.  The method of claim 13 whetein the unconventional refractive error is corrected in part

by a refractive index change.

16. A spectacle lens comprising:

a front surface;

a back surface;

a peripheral edge; and

a vision correcting area having a refractive error correction, wherein the vision correcting
area uses adaptive optics to correct for non-conventional refractive error to provide a wearer
better than 20/20 vision and wherein the peripheral edge is capable of being modified to fit

within an eyeglass frame.

17.  An apparatus for determining the refractive error of a
patient's eye, comprising:
an optic within the line of sight of the patient's eye, wherein the optic is capable of

refracting light entering the patient's eye; and
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23.  The apparatus of claim 17 wherein the optic is modified in its power prescription as a

final optical prescription for the patient is determined.

24.  The apparatus of claim 17 wherein the optic is modified in its power prescription as the

patient determines-his or her visual clarity. .
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29.  The optical measuring system of claim 28 wherein the optical measuring system

guantifies the refractive error automatically.

30.  The optical measuring system of claim 28 wherein the optical measuring system

quantifies the refractive error with the aid of an eye-care professional.
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measures the refractive error with the aid of the patient.

32.  The optical measuring system of claim 28 wherein a lens is inserted in front of the
patient's eye and wherein the lens is modified to correct for the patient's refractive error as the

patient's refractive error is being quantified.

33.  The optical measuring system of claim 32 wherein by the lens is modified in its
prescription as the patient decides on his or her visual clarity in response to the modification of

the lens.

34,  The optical measuring system of claim 28 wherein the conventional refractive error is
one of myopia, astigmatism, hyperopia, presbyopia, and wherein the non-conventional refractive

error is one of irregular astigmatism and an aberration.

35. The optical measuring system of claim 34 wherein the aberration is within the human

eye.

36.  The optical measuring system of claim 28 wherein the refractive error of the patient is

determined by at least one of subjective and objective measurements of the patient’s eye.
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37. A method of examining a patient’s eyes using a wave-front analyzer and a lens, wherein
the lens corrects a patient’s vision while the patient is seeing an image through the lens and while

measurements are being generated by the wave-front analyzer.

38.  The wave-front analyzer of claim 37, wherein the lens is an electro-active lens.

39. A system for measuring a refractive error of a patient, comprising a wave-front analyzer
and at least one lens, wherein the system is capable of providing the patient with improved vision
while the patient is looking through the at least one lens, while the wave-front analyzer is taking

measurements.

40.  The system of claim 39, wherein the wave-front analyzer is coupled to an electro-active

lens.

41.  The system of claim 39, wherein the wave-front analyzer is coupled to a conventional

lens.

42,  The system of claim 39, wherein the refractive error is at least one of conventional

refractive error and non-conventional refractive error.

43. A system for measuring a refractive error of a patient comprising a wave-front analyzer
and at least one lens, wherein the system is capable of subjectively and objectively measuring the

patient’s refractive error.
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44,  The system of claim 43, wherein the wave-front analyzer is coupled to an electro-active

lens.

45.  The system of claim 43, wherein the wave-front analyzer is coupled to a conventional

lens.

46. The system of claim 43, wherein the refractive error is at least one of conventional

refractive error and non-conventional refractive error.

47. A method of correcting a patient’s vision by combining a subjective eye exam with a
wave-front analysis of the patient’s eye to correct conventionat and non-conventional refractive

CIror.

48.  The method of claim 47, wherein the subjective eye exam utilizes at least one

conventional lens.

49,  The method of claim 47, wherein the subjective eye exam utilizes at least one electro-

active lens.

50, The method of claim 47, wherein the non-conventional refractive error correction

corrects for at least one aberration.



