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FI ELD OF THE | NVENTI ON [ 0001] The present invention relates to the field of
optics. Myoa3parsti cul arly, the present invention relatesPCa/US0312308
correction wwth a nmulti-focal electro-active spectacle |ens. SUMVARY OF
THE | NVENTI ON [ 0002] I n accordance wth one enbodi nent of the invention, a
multi-focal electro active spectacle is disclosed. The spectacle conprises
an electro-active lens conprising a stack of at |east two el ectro-active
regions to produce a plurality of zones with different view ng corrections
and a controller for independently activating each el ectro-active region

to produce the pl UEREIHROIACIICE MULITINOCAICSPECTAVLBIENS ' ect i ons.
[ 0003] In accordance with another enbodi nent of the invention, a

mul ti-focal F“gjncéfqﬁﬁmgMac! e is disclosed. The electro-active
spect acl e cofiprrs =active |lens conprising at |east one
el ectro- act [0001] €he prestt ipvadionereqatesplouthal fidly obfoprionadomw pdrticiilifiyr that
view ng corrections and at |east .one bl endi ng zone etween the plurality
of vision cBiePaYnEentognEdatgh, do aVisight FBIecEen fith i%&@ﬁ%‘rﬁﬁ‘éﬁit@?ﬁtm& Vgating
each el ect rg;eg&rci?\{[gnsr' egion to produce the plurality of zones for vision

na t

correction e at | east one blending zone. [0004] In accordance with
anot her enbSUMMARYOF AEIE ENEENTION an el ectro-active lens is disclosed.

The | ens coppri.ses two, stacked el ectrp-active regians in which.a first

fegi on pr odlbB2T B peeiisiid wieer ibediai ot e SR b PrUGPoh 256 when
activated apdivenspldiaele & SYRCRREL." ETHORpBHAIS CRpRisEA an BleBiidBEliva! ki €W ng
correction zone when activated. The |lens also conprises a controller for

i ndependent tympriting atstasl aatteast éwe retectiotactive regonsrio BRIER DPRCRItPTION OF
THE DRAW NGS_[ 0005 resent _inv L e re f od by
readi ng thez?%ersl Ml‘ngﬁ% (’?iée)ntta?ll%‘év(]‘]n %ecé)%gl&bcgllgo%g&;f?ﬁ?gg Bﬁeersgélﬂt I){Ifldégrglgeﬁlged
enmbodi ment s aéth@aah$ eschvélédirot ditive actonfaprpiig tte pWirAlgs of izonsshivieh diffdsent
reference indicators are used to designate like elenents, and in which: WO
03/ 090611 PUPMUSDITIEHEOE.

[0003] In accordance with another embodiment of the invention, a multi-focal

electro-active spectacle is disclosed. The electro-active spectacle comprises an
electro-active lens comprising at least one electro-active region to produce a
plurality of zones with different viewing corrections and at least one blending zone
between the plurality of vision correction zones and a controller for independently
activating each electro-active region to produce the plurality of zones for vision
correction and the at least one blending zone.

[0004] In accordance with another embodiment of the invention, an electro-active
lens is disclosed. The lens comprises two stacked electro-active regions in which a
first region produces a near and near-intermediate viewing correction zone when
activated and in which a second region produces a far-intermediate viewing
correction zone when activated. The lens also comprises a controller for
independently activating each electro-active region.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] The present invention can be more fully understood by reading the following

detailed description of the presently preferred embodiments together with the
accompanying drawings, in which like reference indicators are used to designate like

elements, and in which:



2 [0006] FIG 1 is a perspective view of an enbodi nent of an el ectro-active
phoropter/ refractor system 100. [0007] FIG 2 is a diagrammtic view of an
enbodi nenwoaB/ogsot her el ectro-active phoropter/ refractoPCIsHEMS290.
[0008] FIG 3 is a flow diagramof a conventional dispensing practice
sequence 300. [0009] FIG 4 is a flowgdiagramof an embodi ment of

di spensi ng nethod 400. [0010] FIG 5 is a perspective view of an enbodi nent
of electro-active eyewear 500. [0011] FIG 6 is a flow diagram of an
enbodi ment of prescription nethod 600. [0012] FIG 7 is a front view of an
enbodi nent of a hybrid electro-active spectacle lens 700. [0013] FIG 8 is

a section ;tp Y1 SEPRAIRAELQ Wigprdrd ol GbAmBRL F urskeeiatkeve | ens
700 t aken sectlon e AAAof FIG 7. [0014] FIG 9 is a section view

of an errbocphmpxerbfefmntoeksmdsmd()@.ctl ve | ens 900, taken al ong section |line

Z-Z of FIG 0 er spective.Vvi ew O of an
el ectro- act[iﬂaw]lét‘of’é@@fsg@ﬁ’i ?6’@?8‘ ‘[lg‘ﬁf%]anﬁn&’o efto aanso etrleg%&\g“ag@{?%f an

enbodi nent I%r%tgy;gff RfdrisVgeBhogt ro-active |ens 1100 taken al ong section
l'ine Z-Z of FlI . [0017] FIG 12 is a front view of an errbodlrrent of an

el ect r o- act[0008] Blgs 319@@0W diagyag]of micgnvengional dispsaeipg praclisetpqpencg 300

nbod |
ST e gL, LS A SErOR ALr BYSgtR thpnag no seet o

tracking symbeo) BDG is b PRRBEctvE Griewt ofi &1 empedisjeac bi ¢ciro-avtief eypwear
enbodi nent of an electro-active lens system 1500. [0021] FIG 16 is a
per specti vedO-ew of an enbodi ment of an el ectro-active |lens system 1600.

|[ g2§2] 15 IO(C)-l [%k%ggg%?ﬁg@ﬁ%‘éﬁ d/f%glgg‘g» ﬁgnﬁmpﬂfeg@riﬁtloﬂfméﬂo@é(ﬁpt ro-active

[0012] FIG. 7 is a front view of an embodiment of a hybrid electro-active spectacle
lens 700.

[0013] 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.

[0014] FIG. 9 is a section view of an embodiment of an electro-active lens 900,
taken along section line Z-Z of FIG. 5.

[0015] FIG. 10 is a perspective view of an embodiment of an electro-active lens
system 1000.

[0016] FIG. 11 is a section view of an embodiment of a diffractive electro-active
lens 1100 taken along section line Z-Z of FIG. 5.

[0017] FIG. 12 is a front view of an embodiment of an electro-active lens 1200.
[0018] FIG. 13 is a section view of an embodiment of the electro-active lens 1200 of
FIG. 12 taken along section line Q-Q.

[0019] FIG. 14 is a perspective view of an embodiment of a tracking system 1400.
[0020] FIG. 15 is a perspective view of an embodiment of an electro-active lens
system 1500.

[0021] FIG. 16 is a perspective view of an embodiment of an electro-active lens
system 1600.

[0022] FIG. 17 is a perspective view of an embodiment of an electro-active lens

1700.



[0023] FIG 18 is a perspective view of an enbodi nent of an el ectro-active
|l ens 1800. [0024] FIG 19 is a perspective view of an enbodi nent of an

el ectro- awDis@9oenef racti ve nmatri x 1900. [0025] FIG 20 ispPaTpsoypmsesi ve

vi ew of an enbodi nent of an electro-active |lens 2000. [0026] FIG 21 is a
perspective view of an enbodi nent of elgctro-active eyewear 2100. [0027]
FIG 22 is a front view of an enbodi ne of an electro-active | ens 2200.
[0028] FIG 23 is a front view of an enbodi nent of an el ectro-active |ens
2300. [0029] FIG 24 is a front view of an enbodi nent of an el ectro-active
| ens 2400. [0030] FIG 25 is a section view of an enbodi nent of an

el ectro- aCt[Nf llﬁ@s 184 V\Pﬁ% S9Ny %P%ﬁ'e%‘bddirﬁ&lt%fzarpéle&k@actﬁfe ERO31]

FIG 26 is ctl on vie an enbodi nent of an el ectro-active | ens 2600
t aken al onngQ@ctlon line Z-Z of FIG 5. [0032] FIG 27 is a flow di agram of

mbod thod 2700, . [003 8 t
i cu of - an BRAFRLAL OF eBPLF ol Bt PL AR BRBIZGH | b SHPBrERTSs | & a

per spect i VeeMh@Wehatak 1900.i cal | ens systemin accord with another
alternative enbodi nent of the present invention. [0035] FIG 30 is a
per spect i v002BWIEE. 28niscpperspdctive rvieve v aa ambodieetref 4 electremeivgelens
alternatlvzzq?)gbodl ment of the present invention. [0036] FIG 31 is a
perspectiv ew of an optical lens systemin accord with another

al ternati veoes$lo=iG®Ntisaf pdriyecivesRAt of Ay efbbdiment 003lktrblativedyavean
perspective view of an optical lens systemin accord with another
alternati ve21é)|9bod| ment of the present invention. [0038] FIG 33 is an

expl oded pejoRAGISIYE AR vial Pk bBhahEASHSASIE AETaIdaqu Lh anot her

alternativ i ent o e present 1nvention. FIG 34 is an
expl oded pe[ﬂﬂp&]cﬂGz@B\zs e¥voof viaw ofph emhbdlthoﬁgtsﬁlmtm -active darsA@300 t h anot her
glc'fl_;a ngg/ \]/_(Za[ggg OﬁIIGrT% t1s a ffroBth \%egr %.I?re]}nbo 1\r/r?erI]1E })fo an elgc\ﬁ?roog)c/tlve 661’1:I§ 32400
[0030] FIG. 25 is a section view of an embodiment of an electro-active lens 2500
taken along section line Z-Z of FIG. 5.
[0031] FIG. 26 is a section view of an embodiment of an electro-active lens 2600
taken along section line Z-Z of FIG. 5.
[0032] FIG. 27 is a flow diagram of an embodiment of dispensing method 2700.
[0033] FIG. 28 is a perspective view of an embodiment of an electro-active lens
2800.
[0034] FIG. 29 is a perspective view of an optical lens system in accord with
another alternative embodiment of the present invention.
[0035] FIG. 30 is a perspective view of an optical lens system in accord with
another alternative embodiment of the present invention.
[0036] FIG. 31 is a perspective view of an optical lens system in accord with
another alternative embodiment of the present invention.
[0037] FIG. 32 is a perspective view of an optical lens system in accord with
another alternative embodiment of the present invention.
[0038] FIG. 33 is an exploded perspective view of an optical lens system in accord
with another alternative embodiment of the present invention.

[0039] FIG. 34 is an exploded perspective view of an optical lens system in accord

with another alternative embodiment of the present invention.



[0040] FIGS. 35a - 35e illustrate assenbly steps that nmay be conpleted in
accord wth another alternative enbodi nent of the present invention.
[0041] FIvwB.038%8m1t 36e illustrate assenbly steps that mayPog/usosrpiset ed in
accord w th another alternative enbodi nent of the present invention.
[0042] FIGS. 37a - 37e illustrate asseq‘ol y steps that may be conpleted in
yet another alternative enbodi nent of "the present invention. [0043] FIG
38 is a perspective exploded view of an integrated chip range finder and
integrated controller in accord with another alternative enbodi nrent of the
present invention. [0044] FIG 39 is an expl oded perspective view of an

I nt egr at ed m&gr e85 0akELh ¥ st thsk MY sRpS A GhAY BE LEpleReddaCRESdM T h
anot her al t[er n tF?d\;g' %?T%ogrjﬁélms of tshe grsgetgenjt i ny}renti onP e[ 0045] FIG 40 is
an expl odedvifhermfiec hitareativesumimidiraentiofi thegregeptinyenitanel | er range finder in

accord wt ternative enbodi,nent of. the esent nti.on,.

[ 0046] FI GTO@?}}Q&S' gé% 5 Bg%‘:ﬂ ysiat; BorY é%?PB 5‘9%‘3‘?3%% ﬁ%mgﬁ?léet%\élr%n 4508 cor

with yet anel iRkhehitehRdd MBoRIaaHd ofetd prédent ifelicsent invention. [0047]

FIG 42 is a perspective view of an optical |lens systemin accord with yet

anot her al {00423tHIGS. SithoddTee Hiustiptet dseerphlzsdens that sy bh copplgl inFyet, 43" i s

a perspective, Vi of. an ti cal n t. i.n_accord with yet another
al ternati vé‘ngtt]?ﬁ]bﬁflgﬁ%arlﬁveg %t%H eg}gﬁ@ﬁireﬁﬁﬁ}éﬁ |n('t)1rqp' [0049] FIG 44a is an

expl oded PO TIGYSS W £pérgiecare xplRBEaiadopanenegsaed Cieip rarperfindet iet and
range finder in accord wth another alternative enboddﬁglent of the tgr esent

i nvent i on. ipegmoyd Engollguin resorl withangber AlksTatIVE ERPIiReR il MEFhower
sour ce, CO%\E%Itiloﬁ.r and range finder of FIG 44a along Z-Z in accord with

one enbodi nént of t he present invention. [0051] FIG 45 is a side view of
the range flOOMIrFIG: daSsriahtegplodéd perEpectidtd view af enimtegnatedrontrellenintidiyment of

Focel ver o e i driiar i HEPH Vo BRI 6T PR Be gt
i nvention. p‘erﬂ?‘fn@@xﬁ%.l PCT/ US03/ 12528 5
[0045] FIG. 40 is an exploded perspective view of an integrated controller range
finder in accord with another alternative embodiment of the present invention.
[0046] FIG. 41 is a perspective view of an optical lens system in accord with yet
another alternative embodiment of the present invention.
[0047] FIG. 42 is a perspective view of an optical lens system in accord with yet
another alternative embodiment of the present invention.
[0048] FIG. 43 is a perspective view of an optical lens system in accord with yet
another alternative embodiment of the present invention.
[0049] FIG. 44a is an exploded perspective view of an integrated power source,
controller and range finder in accord with another alternative embodiment of the
present invention.
[0050] FIG. 44b is a side sectional view the integrated power source, controller and
range finder of FIG. 44a along Z-Z’ in accord with one embodiment of the present
invention.
[0051] FIG. 45 is a side view of the range finder transmitter of FIG. 44b in accord
with one embodiment of the present invention.
[0052] FIG. 46 is a side view of the range finder receiver of FIG. 44b in accord with

one embodiment of the present invention.



[ 0053] FIGS. 47a-47c are side views of a wearer of an optical |ens system
in accord wth one enbodi nent of the present invention. [0054] FIG 48 is
a perspecwpwa/oviéeww of an el ectro-active optical system i nPagrdmsosi12sesth one
enbodi nent of the invention. [0055] FIG 49 is a perspective view of an

el ectro-active optical systemin accor wi th one enbodi nent of the
invention. [0056] FIG 50 is a perspective view of an el ectro-active
optical systemin accord wth one enbodi nent of the invention. [0057] FIG
51 is a perspective view of an electro-active optical systemin accord

wi th one enbodi rent of the invention. [0058] FIG 52 is a perspective view

of an el ecﬁ?%gg‘i{d}%%ﬁpfﬁc%é sidl¥ S} df '31 WL S anWphila108® KRRAMIMMRBSd0f t he

i nvention 3a 1s a frontal view of an el ectro-active spectacle
i n accord withhomerenbodithad iofrthetprestnt ingetitionent i on. [0060] FIG 53b is a side

vi ew of an tlves ectaclel ord Wi,.t ment _.of the

i nventi on. [ﬁﬁgtﬁ[{&F 18 8 PETSPRCLyC ‘{‘}]la&ﬁ B0 %‘?ug?ié)@??al 5 &?I vltra1 ascpc)(térgt acle in
accord w t RiN&e &mghaﬁ@h&fm{,éﬁgohnventl on. [0062] FIG 53d is a side
view of an electro-active spectacle in accord with one enbodinent of the

i nventi on. [QQﬂSQS‘]IGFHQiIS BQeISQe@IVﬁr\OﬁW@lf apj Qdptigrackive @pEeal rsystgpy linv@cgliﬁlect acl e

in accord w. hh oneb etmx(/)efnthqe invention. [0064] FIG 55 is a
frontal vi e éIE?I}(S) t1Tve spectacle in accord with one enbodi nent

of the invqo§36)FIGL 80GSh petspectboaview of i dectio-gtivefopatal edyset in- cbidve
spectacle in accord with one enbodinent of the invention. [0066] FIG 55b
is a side widyersferphpdamenitof hedByenfi®nspect acl e in accord with one

crbod Tt g, B(OPY Rl Ay i SEerd st st
WO 03/ 0906]:)0-1&13655/ doTRtih 2 28 theGinvention.

[0058] FIG. 52 is a perspective view of an electro-active optical system in accord
with one embodiment of the invention.

[0059] FIG. 53a is a frontal view of an electro-active spectacle in accord with one
embodiment of the invention.

[0060] FIG. 53b is a side view of an electro-active spectacle in accord with one
embodiment of the invention.

[0061] FIG. 53c is a side view of an electro-active spectacle in accord with one
embodiment of the invention.

[0062] FIG. 53d is a side view of an electro-active spectacle in accord with one
embodiment of the invention.

[0063] FIG. 54 is a frontal view of an electro-active spectacle in accord with one
embodiment of the invention.

[0064] FIG. 55 is a frontal view of an electro-active spectacle in accord with one
embodiment of the invention.

[0065] FIG. 55a is a side view of an electro-active spectacle in accord with one
embodiment of the invention.

[0066] FIG. 55b is a side view of an electro-active spectacle in accord with one
embodiment of the invention.

[0067] FIG. 55c is a side view of an electro-active spectacle in accord with one

embodiment of the invention.



[0068] FIG 56 is a side view of an electro-active spectacle in accord with
one enbodi nent of the invention. [0069] FIG 57 is a frontal view of an
el ect r o- awDIdPIBPECt acl e in accord with one enbodi ments @CTiUse3/1aseent i on.
DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS [0070] In 1998, there were
approximately 92 mllion eye exam nati Qns performed in the United States
al one. The vast majority of these exam nations involved a thorough check
for eye pathology both internal and external, analysis of nuscle balance
and binocul arity, neasurenent of the cornea and, in many cases, the pupil,
and finally a refractive exam nation, which was both objective and

subj ecti ve. f 2 dadc@rd with one
understandl[g&‘)%ﬁé:(jgls}eIg’?hléaa{:trsrlwscllgﬁ\?%ggje}=| aglﬁgl'e?t%g&g\? ﬁ%g{ar@rgp?lactl ve error of
one's eye. ehft@dimqesf tie inemtiact i ve error that are currently able to be

di d ' t Li Sb
Qurent 1 etPHRHOHE: CribRdpransye st dmcas b P oo it Reflufl #7207 20
di stance ang,Qfhe A6k tht thvepfih.cases, 20/ 15 di stance vision can be

achi eved; however, this is by far t he exce-tlon It should be
poi nt ed oUtDEFAILERDESERIBTIQN OFiRREFERRE of one's eye

Chan'the- 1GAN BObPSRgs kf eépsrogl‘%%éeﬁxbf?lﬁl e?gfe%%a%ﬁb%e%?ﬁ%d i

today' s refihacgiied StahonRptemsy wRd QN bE an@b spedhaiine ineolves.a Wat is
m ssing fromthese conventional devices is the ability to detect, quantify

and corr ectthbll@rlgm@heCkc&iv@’ﬁtﬁ%bf&PgW bethaiatarpal andr %’?teméhc?ﬁa]éféls HPPSES ons |
irregul ar as - t e ations,
T oot ar an4cahA BRochiaBE MAlup BN he G 3Ad fih By THSRC IRARIGI! |
result of ofd fimally auefractiys teamontias whictewsd bothbbrbeve atdi suhpctivaused by

conventional eyegl asses, or a conbi nati on. of bot h. her ef or
woul d be exi0P ‘%fraf?élﬁ%f eEaminationsh e PEHEHRL! 1 &t Hé\‘? it/f”;dr{ aganﬁaﬁﬁc?

and corr eCtﬁlQé[}uﬁHQ aﬁd Y)}ﬁ)g' R e OREtR 0% FhdQ e9¢. MRS ASecPRTiVE REOr

Furt hernore beneficial to do this"in a Very efficient and user
friendly nhanere cU@NB/ GBR6 I beCHapssed 1&5 agasired, 04 yPRE, PYyPg@Rta,

AL U ueEsltllg}ngtelssm aan Op\{rgslbyog Braog ar(r:ehnt renfrac?or fpﬂo@gpterg}lﬁ&rﬁgt% 05 &% gne s

vision to 20/20 distance and near and, in some cases, 20/15 distance vision can be

fying,

achieved; however, this is by far the exception.

[0072] 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
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 aberrations, irregular astigmatism, or ocular
layer irregularities. These aberrations, irregular astigmatism, and/or ocular layer
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.

[0073] 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.
Furthermore, it would be beneficial to do this in a very efficient and user friendly

manner.



correcting one's vision. The approach involves several innovative

enbodi nents utilizing an electro-active |lens. Furthernore, the invention
utilizes wormameléinppr oach towards the sel ection, dispensipag/Usagiiseating,
and programm ng of electro-active eyewear. [0075] For exanple, in one

i nventive enbodi nent, a novel electro- afti ve phoropter/refractor is
utilized. This electro-active phoropter/refractor utilizes far fewer |ens
conponents than today's phoropters and is a fraction of the overall size
and/ or wei ght of today's phoropters. In fact, this exenplary inventive
enbodi mrent consists of only a pair of electro-active |l enses housed in a
frame nounty t i g I ol Fahe S gn
and/ or by 9% fﬂgetll)ﬂfgt \/I\lgﬁvg@?(m@g%gsgtnﬁséelq\%girbgg&e%ritgég‘%élgoy&e% needed to
enabl e t he @recting-oae'siwigoh.efbesippwaclf umailvesnsgyemp anhgrative Erdlodipenis si st
wi t h under st andi n ertain _enbodiments of the invention expl anations of
various ter 1zg}geﬁh tg}-g)c{;}vgg%}s. Fﬁeﬁ?gresiﬂﬂeuléltvialbf?g,uqlﬁgggno éjﬁ% Bva li?ons are
not necessagigayisl mteesl%@la%ﬁioﬁpdibﬁenlsingl bthhtinBUhad Wi oeatbctid-detight  of

t he exanpl es, descriptions, and clains provided herein. [0077] An

"el ectro- actyewsazone" can include or be included in an el ectro-active

t t , d/ ion.. An ' - Lon"
por i on andBrSt b Balpieb g ofe, ABipBET EbBRARERL] ol SV AERBABE 1 e

region can %ﬁ)r@ﬁbﬂ%ﬁﬂ&tof Gs utiligéd eThielehatrocactios i pheropegirefactdnueligst fap- act i ve
region can be attached to another electro-active regi on, either directly,
or i ndi r ect feyveians copppnents handodays pheseptasnd ipadiacian oL & eyt S8 act i ve

0.0 AL AR B T ot £ g ve

zone and region and can attac ot
ei t her dir ecdnsists of onlyda ipaic tdfyelsdttoRactiverlemseamohsed mna ifresnd atoontiiethatéen each

el ectro- active layer. "Attaching"” can include bondjn deposi ti ,
adheri ng, aPWV@Fﬁe?lﬁlﬁélthmu@hBM FEEHCHRIn oSt ?ﬂf@%r BYA\%‘Q@O t3 BFtIWé’?]g %an

include or b& ghANddeds ] Qedrich RERESReded 1§ HEBRT BE &t&Po-aciRe i1Bieg 8t ed
circuit, an IC, a conmputer chip, and/or a chip. A "refractor” can include

a cont roll efuncwm pla)ptld)y.re]"ract o_r" can i ncl ude a wave front anal yzer. "Near
0 La0ce. " SAGLEL" sSSP AEIEE BRI SRR HE B TREER o one
to see cl eagdpladtionS st FhSéBNE&ms are now provided. In some situations, these

explanations are not necessarily intended to be limiting, but, should be read in light

of the examples, descriptions, and claims provided herein.

[0077] An "electro-active zone" can include or be included in an electro-active

structure, layer, and/or region. An "electro-active region” can be a portion and/or the

entirety of an electro-active layer. An electro-active region can be adjacent to

another electro-active region. An electro-active region can be attached to another

electro-active region, either directly, or indirectly with, for example, an insulator

between each electro-active region. An "electro-active refractive matrix" is both an

electro-active zone and region and 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 microprocessor, an integrated circuit, an IC, a computer chip, and/or a

chip. A "refractor" can include a controller. An "auto-refractor” can include a wave

front analyzer. "Near distance refractive error" can include presbyopia and any other



"Internedi ate di stance refractive error” can include the degree of
presbyopi a needed to be corrected an internedi ate di stance and any ot her
refracti vweoasioeineeded to be corrected for one to see clpearisy3/axs2s

i nternedi ate di stance. "Far distance refractive error” can include any
refractive error needed to be correcteq for one to see clearly at far

di stance. "Near distance" may be from about 6 inches to about 22 inches,
and nore preferably from about 14 inches to about 18 inches.
"Near-Internediate distance" may be from about 22 inches to about 5 feet.
"Far-Internedi ate di stance”" may be fromabout 5 feet to about 15 feet.
“Far di St anges Q@yen?ﬁ’ I?e%ﬂe@'tétb%né‘&rec%tﬂ&%e%og@e dRafipak mad distdicsi ty, and
nore prefera ?y inity. "Conventional refractive error” can include
myopi a, hy ﬁhﬁﬁmed;at@dlsiagmamfmqmvmrwrépalpmeblldycﬂpﬁ degree ofpreshyapiemepdndal

refractive error” ca i ncl ud i rregul ar aberrati

ocul ar syst%ﬁr?f‘ °8]ﬁ8°t%1 m Htt?rgie kg fhé%fjf?/%mg?r}yo&ﬂao]ie%r%we ded nee&’e(?iétr?\% St i onal
refractive grb&kd forOBhd Eitked Efehdf ol Vifte@iddRite dostahck Nt diistaes @h@élﬁ\&i i ons
associated wth a lens optic. [0078] In certain enbodinents, a ect acl e”

can i ncl udermonecaneinslude any rafeactive pisoinarded & becorsgséad e 0e Q865 Gl ?'R? Yude nore
than one len I - f J en
t%%ﬁ@?t%}}ce e 815%:1HCC 1% g t{e-af?om aBS]!’ltL%j&CR%SI tﬁ%g létjzr lln% ensArb ank can

quadr af ocal® F e5§Ve 44 Ionlens
i nclude a lfae @bﬁﬁéﬂal heém hasouf 117 alehes aptaboal 18 Lintlase "Dieabbitdmeitltes. A

“sem -finished" |ens blank can include a lethé bl apk hat téé?s on one side
only, a fidiftaned n@ﬁthecfwm@ibpvta%?elnCB?ﬁoFOcﬂl?w fest-hdar- edipte §1512868 | cal |y
finished sypfage ’frotnffg‘/bodtefp ﬁ%‘o&ﬂ {y?éetf'er"nggfsfahE@t in%?%e a?erCJﬁst%ﬁce for
exanpl e, grimnding an ing, to nmake It 1nto a useabl'e | ens.

" Sur f aci ng"beevadeni awutids @en and:l ingfivdnyd aod rwblmbﬁeraglyl}ofmﬁmeycc'@mvmtcmal al to

finish a non-finished surfa e.of a se{H finished Iazns bl %}1 L 079. FIG 1
is a perspdBlpQie\ATERY AP dRC B%&Eioﬁﬁ‘n YBFIORI2e @pHEFRA S ARA/OT Presbyop

phor opt er / rfdnach9éntinal RIFadBR erfor88RSindthle HRIFLRK AstBIrRf skl 2Bt tdtioas bﬁns 120,
which are connected via a network of conductive wires 130 to an

el ect r 0- actthy eochkenssystemntand| dnyr othe0 refiective errorenicincludad ipowgavertimate 150.
[0080] In Cef B%JIVF ee?rfnoté)ngSF %ag V%?ra slf)i\lﬁ:egré rl' & (1H85de Pfé\fﬂbélj?atﬂn@asgt)mﬂéd frames

110 cont ai'fi'f S stich a m cr o- f uel
cell. In othgh a YRs@3(i990611 PCT/ US03/ 12528 9 | nvent ive enbodl ments, the
temple or en;)I]eIi (c)ertglrli aenrr?boja}lgerﬂ(sjs§e§sspe£t2§le'n ec%g eglclude one lens. In other
embodiments, a "spectacle” can include more than one lens. A "multi-focal” lens can
include bifocal, trifocal, quadrafocal, and/or progressive addition lens. A "finished"
lens blank can include a lens blank that has finished optical surface on both sides. A
"semi-finished" lens blank can include a lens blank that has, on one side only, a
finished optical surface, and on the other side, a non-optically finished surface, the
lens needing further modifications, such as, for example, grinding and/or polishing,
to make it into a useable lens. "Surfacing" can include grinding and/or polishing off
excess material to finish a non-finished surface of a semi-finished lens blank.
[0079] FIG. 1 is a perspective view of an embodiment of electro-active
phoropter/refractor system 100. Frames 110 contain electro-active lens 120, which
are connected via a network of conductive wires 130 to an electro-active lens
controller 140 and to an electrical power source 150.

[0080] In certain embodiments, the temples (not shown in FIG. 1) of frames 110

contain batteries or power sources such as, for example, a micro-fuel cell. In other



el ectrical conponents so that a power cord is plugged directly into an
electrical outlet and/or the electro-active refractor's

cont r ol | ewOpBogeamrer 160. [0081] Still in other inventivecenisosiasents, the
el ectro-active |l enses 120 are nounted in a housing assenbly which is
suspended so one could sinply position 9 one's face properly in order to

| ook through the electro-active | enses While being refracted. [0082] Wile
the first inventive enbodinent utilizes only a pair of electro-active

| enses, in certain other inventive enbodiments, nultiple electro-active

| enses are wused. Still in other inventive enbodi nents, a conbination of
convent i onaj, 48R3 &SnbRNHe Rl SHEMEmBR! b RkRESEE fahR 110 bbskesh tHe0RRakd FI G 2
is a diagranmati c view of an exenplary enbodi nent of an el ectro- active
refractor ssledtecal 200pohertts isnchatde powe somdgisaduegged| §ireztly intraen ctagtriiahs at

| east one electrg-active lens 22 ngd several conventi.opal | enses,

speci fi cal I?}l,ﬂ%ﬁ'fn?‘ﬁ?r:tﬁ? PIgETO-pEhE rﬁ%@&“psr(iogﬁgﬁ?r@r?%rﬁgmﬁeﬁdf%]'ast igmatic |ens
250, and spfpegiciil lifnshed tvehine lewbolimeits, BB dilEdtiosetive r RBsed 7 2@ adect s
the electro-active lens 220 to a power source 275 and to a controller 280,
t hat provi desuriedimesdouping gsseabdy vdycp Gosuspaged so |ane el sipyphn ppsion

enbodi rent where nmultipnle el ectro- I S i Lon of
convent i ona?™“a nte “ePER) teﬁ&-lg c%nl??/reto Iolg ﬁlg tedlér\ég‘%ﬂe ﬁ{l}:t ‘iﬁ?(ftizadel gé,tﬂ{e hlgnsleg %lsengéé}ﬁg be

used to testfr@aeds vision in a random and/ or non-random one-at-a-ti ne

sequence. In other inventive enbodinents, two or nore | enses are added

t oget her gi WOBY Whilstthe firgtdpyedive canbodiasnt; wilizeoaply oF Pelg o UNBeded.
[0085] The gl act [0:a6kh Yehek GRVGFive Vgﬂ\b%t]irﬁérﬁ‘s, UhitibEeedttb-BAVe h&s are

el ectro-active ﬁnor opter and the electro-active eyewear, are conprised of
ei t her a hytweddSeihdnh ather novenhiyb reintbodometts, Lec tombination ef hgirentlowaddetsesict i on,
a conventiona: | ens optic is conbined with an el ectro-active zone. In a
non- hybri d FIRAGER  °I8S EDH fonal lens optic is used. [0086] As

di scussed ahypgs) Fid1© s 8fkia@tngdic Vi8wSoffl fnORehPiy ' ctnboaii& i lof @A @llectro-

di spensing practi ce sequence 300, which is shown as a flow diagramin FIG
3. As showertiae refraspey s3atem BaGnclndesdiovping assenbiin2 K dabsenidinhat loast

i nvol ving a V\Dlgcﬁrlﬁ)?%c E\% #%ng?gr())us%ss/e%ezrglzgonvégﬁi@gtelgEetgsi, ?&g{fi rﬁﬁ{l,rcﬁﬁ%y{ivé S

fol | owed by°¥bt rescri pti on an
lens 230, prismatic lens 240, astigmatic lens 250, and spherical lens 260. A network

of conductive wires 270 connects the electro-active lens 220 to a power source 275
and to a controller 280, that provides a prescription display 290.

[0084] In each 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
other inventive embodiments, two or more lenses are added together giving a total
corrective power in front of each eye as needed.

[0085] 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
combined with an electro-active zone. In a non-hybrid construction, no conventional
lens optic is used.

[0086] As discussed above,' the invention differs from today's conventional
dispensing practice sequence 300, which is shown as a flow diagram in FIG. 3. As

shown at steps 310 and 320, traditionally an eye examination involving a



prescription to a dispenser. Then, as shown at steps 330 and 340, at the
di spenser one's franes and |l ens are selected. As shown at step 350 and
360, the wenswsoéare fabricated, edged, and assenbl ed i nt ®Crhsos/1mees.
Finally, at step 370, the new prescription eyeglasses are di spensed and
received. [0087] As shown in the flow diagramof FIG 4, in an exenplary
enbodi nent of one inventive dispensing nethod 400, at step 410 the

el ectro-active eyewear is selected by or for the wearer. At step 420, the
franes are fitted to the wearer. Wth the wearer wearing the

el ectro-active eyewear, at step 430, the electronics are controlled by the

el ectro- athioK\gerI]lﬁgf;JlorQh%t()f & fAoWRE HyPBbthRingSYSdChlesMPtion 4nd @RBE BAses IS

oper at ed by ecare professional” and/or technician. However, in certain
inventive pessonplionent s disphisepdfticents grownealr gepsc3a® amsth 3H), 12 thgpdispanset he
control system and thlé

s, control the prescripti of i
el ect r o- actang'é fragsnd lpps ?ﬁehsé”iecfeﬁ]vzﬁt ﬁ%@gn & ??d?ﬂ}aﬁ?%fsg@o@ﬁqyﬁgs are
patient/we d eMECAEENPES gD Sie NRdmeN dFifdlly, @€ RMpCB70) theateky Wi t h
t he controﬁﬁﬁcaﬁggﬁaﬁ. [ 0088] At 1step 440, the1 cgtntrolwpgystem whet her

oper at ed bypresespiyreceghsses aof dspeanssthand reesdvasi ci an, and/ or the

patient/we is.util.ized.to select . o] i j ively the
best correi[)&g;ld A&r%’é’@?’ilﬂ eof}ko‘?’giag{aﬁ%%gﬁ"}el‘n% %e%éréedrpyﬁg]éf)@%dsel egﬂsllrl% t he
proper presgidnlvé ARpkRisOetod 400eatPadp 410 theadddtio-@tive 8yewedr és sdlésed opt i mal
correction, the eyecare professional or technician then ograns the

pati ent' s/ vievaerdpr e ayearsry At wen #26b the fsypaerare figedty the Weélﬁ?é’p\;\’h(gé ygaer

enbodi nent, _the d i i ' rRid tho- active
cyonearcontyoedfe SEHETaAEATblBh, SRR B AR o R B e the
sel ect ed el @€diocactiot pi@opieeveferctd ebnigoldiystemnwhichad niasbeasthes apested by acti ve
phoropter/refractor's controller ther inyentive.enbodi.nment s e

| .h
prescripti o i YepHegPERBERht E)nq/Wentg At T 0 A CPVER eyREHYC at a

later time. . |00 ts,gtﬂ BhdAebr &BSEr édﬁeacﬁiaﬁ‘}tgggfaﬁ'ﬁthé h‘@ntﬁ)l%?ﬁ@;h and tis@), ect ed,

fitted, programmed, d I spensed at step 450 in a total di fferent

sequence t hamtrobnke nirésoriptiore yfglhais ewn aglectra-aadivg . lemstiss 18 egfliehdeveativows f or

031 090611 FaYEDS 2R ety RO PR g B

pat i ent/ weaggfk with Bledbhitolftogeieect their
[0088] At step 440, the control system, whether operated by the eyecare
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
optimal correction, the eyecare professional or technician then programs the
patient's/wearer's electro-active eyewear.
[0089] 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-
active phoropter/refractor's controller. In other inventive embodiments the
prescription is programmed into the selected electro-active eyewear at a later time.
[0090] In either case the electro-active eyewear is selected, fitted, programmed, and
dispensed at step 450 in a totally different sequence than conventional eyeglasses are
today. This sequence allows for improved manufacturing, refracting and dispensing

efficiencies.



eyewear, wear themwhile the testing of their vision is taking place, and
then have them programmed for the correct prescription. In nost cases, but
not all, whios/op®idone before the patient/wearer |eaves tRreTasamsati on
chair, thus, ensuring the total fabrication and programm ng accuracy of
the patient's final prescription, as V\ﬂi | as the accuracy of the eye
refraction itself. Finally, in this inventive enbodi nent the patient can
literally wear their electro-active eyeglasses when they get up out of the
exam nation chair and proceed out of the eyecare professional's office.
[0092] It should be pointed out that other inventive enbodi ments allow for
the electr tdrve / C } | r i put the
pat i ent or 1O0Z Vi Ry JEPRIEE REHORTHR phleriTalor HoBph o eREt Mot
much the sayewsBnmenr &em while tie esthtg ofGheir ensidnyist thieing ipdaresand thenlhaes t aki ng
a witten prescription to di spensi ng.l ocati on where el ectro-.active
eyewear (f rta?méar%amrr@ﬁsfefs@e&%e R A n'@‘i‘?ﬁéﬁ‘?@%‘;f IE’FUERS@‘TI 1S 1dOPg, "ot her
inventive eqpadi fie %ﬁieﬁ%eﬁé@%&é@&ﬂ@@xdﬁnﬁ% cRAECHuONESsAtihY  the ft6fal
exanple, via the Internet, to a dispensing |location where el ectro-active
eyewear ( fiabriesioard progres)ning ecaipday. of[tho patjent's finhlepresgswtinhegsewelhes

prescription is not fi|led at_.the poinpt_where the .eye .. ref i i

per f or ned, Y 2SN ﬂ% hﬁﬁﬁﬁ?@%"%’ﬁﬁ%&ﬁn@%ﬁ@y’aﬂ tgfselg%/?%l-vgc Iﬁﬁlgogﬁdéél}{elmt}elgr
control | er, &R Qh 128Q119 AP HRiICSIFoRAioE eGIMOELWhén the§ el teiit ¢irtagr anmed
and |nstaIII)ed into the electro-active eyewear, or directly progranmed

whi | e i nst a¢¥agdndtion chiis and praceest e tof (he eygeare Brofessionpls@tHES t he refracti on.
In th thing i -act | L h
et o Se WAL BB B0 6t P nAERL aRBiLE, BYENERE ke

el ectro- actﬁ oné or nobre contro

conponent s, ele@roddctivet phozapter/tfiabior ito Paply dispidye oelpeint rax atht i patienieypewear

and does not negad to be added at .a |l ater. tine, E%QO%%LS FIG 27 is a flow

di agr am of BeATETRRRSE PRIFRCIESPrasssRHRR Whirhdn thepdillsddp aich {Re sama MaRRes #90. At

step 2710, thg Vvisio ' y f k@ i : .q At
step 2720, hglepbggbrlaﬂiug{efl%ﬂ% gfﬁr{)ﬁégé plg?(l)lgﬁst Eﬁﬁgg%t g?llrt\tgg.ﬁg\%/mgﬁ Eégqg??,o, t he

el ectro- acdispesingdoesioni share lelctredictivt eytverar Mrfa0¢s aivkleabasy arcosald taind e
eyewear is E,ro%réa d with the wearer's prescription. At step 2750, the
el ectro- act $49&° ?fgﬁar is di spensed. WD 03/090611 PCT/US03/ 12528 12 [0096]

Z: Sct r50i- S a[R9SFHAE ik \VeneY iBW¥nfile 3RBbAIRKentsNIHE HréséBpaod edidte Rlec@bnitdlsy,
for example, via the Internet, to a dispensing location where electro-active eyewear
(frames and lenses) are sold.

[0094] In the case where the prescription is not filled at the point where the eye
refraction is performed, in certain inventive embodiments an electro-active eyewear
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 or more controller components, is an intricate built-in part of the electro-active
eyewear and does not need to be added at a later time.

[0095] FIG. 27 is a flow diagram of an embodiment of another inventive dispensing
method 2700. At step 2710, the vision of the patient is refracted using any method.
At step 2720, the prescription for the patient is obtained. At step 2730, the electro-

active eyewear is selected. At step 2740, the electro-active eyewear is programmed

with the wearer's prescription. At step 2750, the electro-active eyewear is dispensed.



active eyewear 500. In this illustrative exanple, franmes 510 contain
generic electro- active |lenses 520 and 522 that are electrically coupled by
connect i ngowsne®1630 to el ectro-active eyewear control | ePCFAGIHMF2POWST
source 550. Section line Z-Z divides generic electro-active |ens 520.
[0097] Controller 540 acts as the "brajns"” of the electro-active eyewear
500, and can contain at |east one prottssor conponent, at |east one nenory
conponent for storing instructions and/or data for a specific
prescription, and at |east one input/output conponent, such as a port.
Control |l er 540 can perform conputational tasks such as reading from and

writing i ni@(}eﬁ(ﬁ 65 1SC£E§E¢&¥1'V@916\6%1{£13 r ifeRBve ARPOdiRENT & théleledirslual grid

el enents b on desir ractive 1 ndices, and/or acting as a |local
interface hefiwegrwehesqRln &nt fliseatie ee&ylmpkanframel Sﬂﬂeomgmogﬂnam@dlectro—

refractor/phoro ter equip 009 Ln.one inven

control | er asay® e§Se;§r par“@g% éarsye %Cﬁécau@)fé’lfﬁlreé%é’ pcé’élf’%ﬁ% n§tW15?S %Bt i ci an
to meet 1 h%le%ﬁ 1.8fe SyENOMCESRIOAET %ﬂ@ anC HONBL Yatirtd S50€ 8détion Mint -
enbodi nment I'S pre- grogrannlng is done on controller 540 while

control | er dpvi@es geneit shecteo—atta/edensfé!ﬁt s eyewear, and controller 540 is

ont -
embodi mont 100Atrepvioler SEFES L 1 @hiabofh ¢ SR AT A cieeliRe BERM 5. 1o

grid el eme@hgid ac dkabhe tﬂ?@ce@ﬁﬁ e raﬁ)lea@f dhefmambtweommhanefoﬁ 0
correct the vision for a ag;%emflc istance, As the patient's prescription

changes, a stmmgc@mtnl@ﬂ@@r or rdat fere 2 él?féfgficarﬁ%nﬁ%‘%f”l Ak 925t NRF t he
eyewear by ;th /Oélﬁ)élg Ics%n:ggﬁeﬁl[t Thi & gglrﬁcorrp ld rﬁroﬂ@xuélg) Ep&forfh &nfSiRaRina®S! C s,

or applicat® egrat | rcu S [ts menory  and processing
cormands pekdkBNeoh |y feading Tat. anBO\ﬂLﬂ@r}g ino ananét caleularing weltegdsodi ent , t he

el ectro-active eyewear controller be ori al |, ro d b t he
eyecare s peﬂ@Phﬂ ot individuak prid éleawnw%@?@dr s gﬁESlre‘g F‘g §% gld“% %Hg)(r he sane
control ler, 2?(:%9 NRRPERL 1569@[359 fihe gzﬁleﬁﬁusef € péﬁgfem 533 FHsﬁbé'izd&i a

di fferent corre Ion, as the patient's needs change. This electro-active
eyewear co%fr@dtbﬂphom;teb@luq)memct ed fromthe eyewear, placed |n t he

O 03/ 0006 14OBRTA eSS 1 1BEIEE PO g O Iek P st P oG rn R, BERE LG

situ, by thg rglraptasis bhOWchhRAVab meet the patient's convergence and
accommodative needs. In this embodiment, this pre-programming is done on
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-only" type, supplying the voltage to grid
elements 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 must be
programmed and inserted into the eyewear by the specialist. This controller would
be of a class of ASIC's, or application specific integrated circuits, and its memory
and processing commands permanently imprinted.
[0100] In another inventive embodiment, the electro-active eyewear controller may
be originally programmed by the eyecare specialist or technician when first
dispensed, and later the same controller, or a component thereof, can be
reprogrammed to provide a different correction, as the patient's needs change. This
electro-active eyewear controller may be extracted from the eyewear, placed in the

refractor's controller/programmer (shown in FIGS. 1 and 2) and reprogrammed



fromthe el ectro-active eyewear. The el ectro-active eyewear controller in
this case could, for exanple, be of a class of FPGA's, or field

progr ammewbDe3gaieel array architecture. In this inventive @ciyadosesesthe
el ectro-active eyewear controller nay be permanently built into the
eyewear and require only an interface Ilijnk to the refractor which issues
the reprogramm ng conmands to the FPGA™Part of this |link would include
external AC power to the electro-active eyewear controller provided by an
AC adapter enbedded in the refractor/phoropter or inits

controll er/programrer unit. [0101] In another inventive enbodi nent, the
el ectro- actj\f -8HEWRRhindGoS o??eﬁr@?ramhﬁil[ LR, by ARG rdtRRtR X ifHonken@sial pent
oper at ed by thg eyecare specialist or technician consists of nerely a

di gi tal andtem thealeogo-antier ¢yeswear. dhetpdeasioeastive exeveareconirellgan this case

controller. Thus, the e]ectrqg-acfive ar _controller |.so ve as
the cont ro‘iqug]rJ ff)f)FX?IHBfGr %F r(gc? Sialsi)ﬁ’gﬁ%ﬁ}g?’. o] ﬁeﬁdhprso ggar%rg%lﬁ%a?e: aff%’é
necessary pirOgiRstiréldn gk SlehOd GEb@liReRMBE bRbIr6 atvedyekat didtrallemyapf grid
voltages to the electro-active eyewear and reprogramthe el ectro-active
eyewear conbta peimaneniiy huilhino dhe gveweasrandhisquishonhapn deieracs 1Bk tp ghe t he
user is empitically.de .ne Ip‘mi bRt i he eye
charts throd ﬁ&ﬂf g"){lhcgrlts%fv?mmﬂeél SPPRCRC T vcgﬁggaenvc\%g(? ﬂ%ﬁﬁ%ﬁg Fﬁ%gyltelggﬁﬁln%at ion
and may be wpadan@uidattedal A€ sdveerits tisetleatd-agive geweat conaolacrovided
prescription, the controller in their el e@tﬁr 0-active eléewear IS,

simul t aneouy y 2Bei A§  re&Begr emheldcd| &bt r BRI cIiRGtor/PRAISPIET At hily it

i nnovative enbod] L idg&s an electronic auto-refractor that can be
used as a fi rstﬁé@pg{an %)rlr in conbination with the electro-active
refractors [06hjolmnanothdl ESentiveaembdjinent thasldpyrowmiivefeyewaarphass aputhe not
limted to Hynphrey''s Auto-refractor & N.kon's Auto-refractor whi.ch have
been devel o‘iﬁ’g‘i‘}CtBF’ aﬁﬂé‘?ef ?’%ﬁn?]pequm BBerf‘tggﬁyEléecff(yeﬁ?ﬁeéﬂe(il%llsg 8%3%1%1% and
programmed {Qfcisiser Metelly hNBgitdl\iB@ok @RalSg iRbESde ©- M6 tdlettol RAFESyeWdUI'S

i nnovative enbodi nment i's uséd to neasure one's refractive error, while the
patient or eedmoder.i Thyseathi ngle¢iicsagsiveheyevedap caongyolen icge alspesetvgclesthe Thi s

f eedback is fed.autonatical I I ' . OoRL.r.ol :

pr ogr anmer , C?Kﬁ‘iogﬁr f(ﬁ ° Ee;f?aicg?’f/é’ﬁce’rso %g-?@&b%&nq%’?l@%’%r gltéarl{a%ﬁés%ﬁ)@}géeﬁglgl Bller of
t he WO 03/ 09686chid3Cre USR:BABI2 Sd8altet 4Ahdl by Visfagred 'veltades ctor the aclédtroeactive
spectacles. In this innovative enbodi nent, one's el ectr

O- .
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
prescription, the controller in their electro-active eyewear is simultaneously being
reprogrammed electronically.

[0102] Another innovative embodiment utilizes an electronic auto-refractor that can
be used as a first step and/or in combination with the electro-active refractors
(shown in FIGS. 1 and 2) such as by way of example, but not limited to Humphrey's
Auto-refractor & Nikon's Auto-refractor which have been developed or modified to
provide feed back which is compatible and programmed for use with the invention's
electro-active lenses. This innovative embodiment is used to measure one's
refractive error, while the patient or wearer is wearing his or her electro-active
spectacles. This feedback is fed automatically or manually into a controller and/or

programmer, which then calibrates, programs or reprograms the controller of the



active spectacles can be re-calibrated as needed without requiring full eye
exam nation or eye refraction. [0103] In certain other inventive

enbodi nenve,030M&15 Vi Sion correction is corrected, by wapCofusosrelses

el ectro-active lenses, to 20/20. This is obtained in nost cases by
correcting one's conventional refracti Z}i? error (myopia, hyperopia,
astigmatism and/or presbyopia). In ceftain other inventive enbodi nents,
non-conventional refractive error such as aberrations, irregular
astigmati sm and/or ocular layer irregularities of the eye are neasured
and corrected, as well as conventional refractive error (nyopia,

hyper opi a, \astiyeirBld SBANMRE sPERTEOR Bis inhdvaie chibé@ithdny,®ne8 RRRELTENT S
wher eby aberrations, irregular astigmati sm and/or ocul ar |ayer

i rregul ari taceise ofpettadlepy@mnabe otalibratesd as nneadigilt wathowto rewvisies tiubngye
refractive error,. one's vision can be corrected in many cases to better
t han 20/ 20,° t18§°f8yezf9¥r g0 5 petter than 20/15, to 20/10, and/or to
bett er tharo28)1-cefBik0sther iR éntidg eaboaBKDS 08E'E SlsiGiOEITELtibA RS ¢drected,
acconplished by utilizing the electro- active |enses in the eyewear

ef f ect i vel yoyawazof sugptelaconstive lenagsagr 20@00phiscis abiaieed HeBASHRENRY r at ed

and in use for many a . r for i istorti i
gr ound- bas PSS 8 %’I’g c%%vfgﬁe}foglgi(’: 5%?5(:} 1fv§1 seﬂavéer Fﬁﬁg{bﬁ,ofﬁypﬁzg@e@ %lért%ﬁnsa!rtn&gs ion
t hrough t heandadrnpepbgipea)f dh eonriminiteat Investiandnotliranty apptémvatti@ns. | n

t hese cases, segnente or "rubber" mrrors are usuall | oyed.t o make
smal | corr cefiREE EBOE FBCRAY cAbSFTAtORS, drregHar RRtgRatism,| é@Z‘F{pF’? P WCE. These

mrrors ar ei{ﬂggﬁu' Y, b&dted afill URKRERA s "SI £386Venti ko]
Adaptive opti S?Hgés@gg#?eeﬁ%gsﬁls?one, i s based on gcti've pr obierrllg of the
ocul ar  systefmrtivetdiroa (niyghit, Hyparopias asignzesissrandyjar-psesbyopiak &r theamenieasur es
the wavefront, distortion of either the retin fl ecth&g or .t he i mge

S

|
creat ed on TRRPAIBERE ,WhegPY FRSFIATony FEGURF o 1g51%§fr§}sia§1 O 2% ane or

spherical prRBGIMAYE AR SRASHIBREBE in AHigikiOh b WdnkMRMLIEFIABL ¥ biFor,
wavefront by tThe ocular system By conparing the initial wavefront with

the di st or t e'sovigion gamské boresstediamiangrcasssio et thim20/ghaauch apoddthhite i es
exist int ocyl ar, . sy. d e I.Re ropriate corrective
prescripti g‘ﬁ‘?ﬂﬂrﬂ’@-?@(’&i&’s /gggfl%f)?r?&ge |ntgh?l§e2§ﬁghs for wavefront anal yzers,

however, WQ0Q84 0986 hilviREddcbBahdi2Entetiddid eompighddcy aliile thel datifoo- act i ve

| enses described here for use as_either a . . . .
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
atmosphere for communications and military applications. In these cases, segmented
or "rubber" mirrors are usually employed to make small corrections to the wave
front of the image or laser lightwave. These mirrors are manipulated by mechanical
actuators in most cases.

[0105] Adaptive optics, as applied to vision, is based on active probing of the ocular
system with a light beam, such as an eye-safe laser, and measures the wavefront
distortion of either the retinal reflection or the image created on the retina. This form
of wavefront analysis assumes a plane or spherical probe wave and measures the
distortion imparted on this wavefront by the ocular system. By comparing the initial
wavefront with the distorted one, a skilled examiner can determine what
abnormalities exist in the ocular system and prescribe an appropriate corrective

prescription. There are several competing designs for wavefront analyzers, however,



transm ssive or reflective spatial |light nodulator to perform such
wavefront analysis 1is included within the invention. Exanples of wavefront
anal yzer swerog/opreovi ded in U.S. Pat. Nos. 5,777,719 (W | ipam8)Soxm$28
5,949,521 (WIllianms), each of which is herein incorporated by reference in
its entirety. [0106] In certain enbodi gents of the present invention,
however, small corrections or adjust ts are nmade to the el ectro-active

| enses so that an image |ightwave is inparted by a grid array of
electrically driven pixels whose index of refraction can be altered,

accel erating or slowng dowm the |ight passing through them by the

al terabl e 1fdexiaptitn (4l ha'@loyrb Bl kb RELANA_ hERSIHeGU™RS GheAdapti ve

optic, whic conpensate for the 1nherent spatial inperfection in the
optics of ttmseysivietaetfleciine spntldbhghtanmblﬂaiomtoq)enf@anlsyclab'gwfmnt emalysiee i mage
on the retina. 07].1n certaj.n inven d ment.s, because. t

el ectro- actlﬁ\}’éd{“ge#s 1&%1“1‘%}? ERVentigR, I% n\gpve ]fof’)t< BRALYSIY Py Pr%@?&é?i ons
caused by thg @se No@pﬂﬂahwwnﬁﬁfhgaﬁldos 949@apmmaﬁd;%f@rchbf whigrripor at i ng
the small index of refraction corrections on top of e gross vision

correcti on lpreisdndopparatad g eefsrepee inHes gpéitdtent /user. In this way, vision can
be correct zl%&h@] ]glcl cyel %}g?ciagete%tg%f Eh qeé@ﬁﬂnv%ﬁi%n h%%e@grhkl%\c{ﬂ)go%&i% gomon

conver genc OF et SHe cou d resul t

in vision feidigkmbie e add to HELE8]trd-fetive dedset o aﬁdnlasn\/iﬁlatgbllghtmtvbas t han
20/ 20 correcti on the patient's ocular _aberratiaqgns can be measured by, for
exanpl e, a imRAEd by %&ﬁ%alff@.‘ff phelegricalty drivannyxels wheseindshiof delfachpn an

anatyzer degl ofigdy SPEEIH R b ibRing®¥EwARRE 1t QBsTRARKOEIP Mot by e the

ocul ar aberrations an t ypes “of non-co active error
have been dsteeabie melex.ilin tlm@twhxynﬁg ridgctrdectvileap bedoaids yn atla[m\@@xptlcmfﬂueh in the

eyewear can be programred t ncor orate he 2-D spati al.ly-dep ent i ndex
of refracti ¢ CONPIANES qrdh‘?:’&g‘ﬁfé"ﬂ%%i’ta a]le’rPe ReHon inihe B%tf‘isé’ml\‘/%‘?‘y& gsf’ﬁé? types

of non- convght! BNdkain B%E&?Piﬂe‘ﬁ%u@ﬁ FRE ithfocBSifink k@fhat 0 the overal | nyopi a,
hyperopi a, presbyopia, an astigmatismcorrection. Thus, enbodi nents of

the el ect r ol0467] Inecéreais imfentiie eprbediamants, iheoaiseithe edestroeicliee densais tfnllg| y

Co O A0l LGP S B S TRy s

certain pOV\&fmﬁéi’ﬂ’sit@@ Terfy iBtorpSrafiflg ieQypiAl iBdERYT R€raction corrections on top of
the gross vision correction prescription needs of the patient/user. In this way, vision
can be corrected to a level of better than what could be achieved with common
convergence and accommodation corrections, and, in many cases, could result in
vision better than 20/20.
[0108] In order to achieve this better than 20/20 correction, the patient's ocular
aberrations can be measured by, for example, a modified auto refractor utilizing a
wavefront sensor or analyzer designed specifically for eye aberration measurements.
Once the ocular aberrations and other types of non-conventional refractive error
have been determined in both magnitude and spatially, the controller in the eyewear
can be programmed to incorporate the 2-D spatially-dependent index of refraction
changes to compensate for these aberrations and other types of non-conventional
refractive error in addition to the overall myopia, hyperopia, presbyopia, and/or
astigmatism correction. Thus, embodiments of the electro-active lens of the present
invention can electro-actively correct for aberrations of the patient's ocular system or

created by the lens optic.



required in a certain electro-active divergent lens to correct a wearer's

myopia. In this case, an array of different voltages, VI ... VN, is
appl i ed twotohmoddiel ements in the grid array to generate R0TAr0xY250%
different indices of refraction, NN . . . NM which give the

el ectro-active lens a power of -3.50 dL@pt ers. However, certain elenents
inthe grid array may require up to pl or mnus 0.50 units change in
their index NI ... NMto correct for ocular aberrations and/or
non-conventional refractive error. The small voltage deviations
corresponding to these changes are applied to the appropriate grid

el enent, | i QN Oxtaﬂfp | R : vel ersl Bh¥0de | N
order to dg?w,fﬂ&g’aﬁéri?y, é%gfg?ﬁ%gmogg%@%ﬁ%%mhg’gsgggg? | e fo% non-
convent i onatquirtiriact carmire electro-acttte diseigemtelgnd & cerstdt gneiedrers myepikam
refractive Irregularities,._.such as foy, exagple, the.tear Jlayer on.the
front of t H]é‘S(?B?ené&mlaﬁé’?%}ffﬁW}t Voﬁﬁgaﬁa k- of %)"héS e 1ﬁ%§3 Fhﬁq%[e ed%en(%s m

i rregul ari t},eSrigt feayf toofhete BRGKaPof [diertfNindiedt AF réfatSion, Mi LT.ONg,
irregularities, or fyor ot her aberrations caused by the ocular refractive
system it selith givrethel elettroaciivei leas reepowiet of -pR0Br Gppisrs. iHowRYsH &&E@8Y ding to
an enbodi nent of .the i.nventive prescript]i .Qf . -1 0111]
At step 61(5’?6%?I’tt?151rtlﬂ8 gﬁlgﬁ{?@ﬁﬁa& r{g et é’célggp?%ntﬁgﬁé%é@ggﬁ%%én?%?% act or
havi ng  botjRd&GORY ent Q& bomsd 1@ Ralak abaedtione ahdosssn-canventiorel adtactvact i ve
refractor havin only electro-active | enses, or an auto-refractor, is
utilized tcermesabag snaheoliage deviaiqnsverrespopding (o these emgente dhRled ke power s

such as m nus_power 0 o] LU RYRS fResds. cYlindrical
power and a%PPEPJ%%rgrg({s %Iagr%tt?ls Itgﬁégg}ein%\rér\?%lgo lral vc\)Al:uljg'n ee%gds. Utilizing

t hi s appr ogo10]0neondet ko detectnhmintify, kmbon cometayasamutthes pasdiblatfos noBVA (best
visual acuity) by way of conventional corrective refractive err.or

However, ceionaeHionah JeitaRite sCBPT SHEN 4%y LFReUil ATHESREY STH oifHE i She s
vi sion beyi?rrfégul‘ﬁﬂﬁés, LRI £5r SOAMPRN OB 12§ @ At BohPHIAROBERES thé frbniachi eve.
ef r e

[0112] Ther , step 610 provides for further refinenent of one's
prescri pti oor baok af theororane@rebivirigulanivies tthe, ronegr, barck of theplegiaylartens,

prescription, whi.ch acconplishe this .end point, ..i.S ' t he
el ectro- actYl%oqséfrFﬁlaf‘%Ws’ 9’?1%“ Bilff ahrrapigns ?ﬁ% %‘{;W §Pep§’8§|fa??‘%§agg§ egscysﬁ%lgk
t hrough t hej@ifeael Qe Acti®e reMERs/fhavdpid i8 uset hécogding to eh eabbdingmt oy e

structure into a nodified and conpati bl e autorefractor or a wavefront WO
03/ 090611 PbFinysoBye peegiption madid/6A8of Elff @h aut omati cal |y neasures

precisely tﬁﬁli]ej\{ ﬁgﬂ lSY(f efthdr COnEgﬂtﬁ)nEFJefﬁ&B{, Vi§i electro-active refractor having

both conventional and electro-active lenses, or an electro-active refractor having

only electro-active lenses, or an auto-refractor, is utilized to measure one's refractive
error using conventional lens powers such as minus power (for myopes), plus power
(for hyperopes), cylindrical power and axis (for astigmatism) and prism power when
needed. Utilizing this approach, one will get what is known today as the patient's
BVA (best visual acuity) by way of conventional corrective refractive error.
However, certain embodiments of the invention allow for improving one's vision
beyond what today's conventional refractor/phoropters will achieve.

[0112] Therefore, step 610 provides for further refinement of one's prescription in a
non-conventional inventive way. In step 610, the prescription, which accomplishes
this end point, is programmed into the electro-active refractor. The patient is
properly positioned to look through the electro-active lenses having a multi-grid

electro-active structure into a modified and compatible autorefractor or a wavefront



error neasurenent detects and quantifies as nmuch non-conventi onal
refractive errors as possible. This neasurenent is taken through a snall
appr oxi mewelog/ode2® mm targeted area of each el ectro-actipca/usess2s28vhi | e
automatically conputing the necessary prescription to achieve the best
focus on the fovea along the line-of-sight while the patient is |ooking
through the targeted area of the electro-active lens. Once this
measurenent is nade this non-conventional correction is either stored in
the controller/programrer nmenory for future use or it is then programed
into the controller that controls the el ectro-active |lenses. This, of

course, is neAPRkeshitebubsiabicalByfsasuted bledlseAt ths keFhcBROerrb ThiRabir&dttveOr
wearer now may at their option elect to use a control unit which wll

al | ow t hem £6OF Reasyermnens fietaels epd Jenifien as Baeh neoeonientional ssfrastive eseisect i on,
o ' . e . ) ; . :
the non Con}éﬁgbésg@@ THi§ nﬁe%gﬁljefﬁ%nte{s.rt%encﬁ-%&%%tig 1051??39;&%{5?&&9%;}[9?\/8 v or

both, and t final prescription, el r TTki

i n additiontargdied ®yecdr eachr efeesshactival ey witifd metonhatichlly i donmputiagntecases
no further refinenment is, perfornmed. At this point, an inproved BVA for the
patient, bePEEESANRICSSIRIORgiachigYRthe\hest fogps ehthedhxea dlaps Hicdinesof-saght  be

achi eved. [ QbidkndbarithfR 18kthe Mch!thd Bt Pl NBHANBIEREDILH Ol RN

programed into t contr ich contro el ectro-active lenses'
prescri pti othis Ateasireped4id, madecthipnogramendorel eotreciicactsi arthes peoddanl the ar e

di spensed. [011 VWil e the precedi ng steps 610 through 640 present an
b0 mont  BPHGHET ProgERFS BRBER G HBeht totub Nt Reby B dnto the

pr of essi onakogirdllef SRMBHM 0N the dRRIrOAE Ve RHER! PMS, Sl dohRkeRtrefldledStoPbb@l |
approaches could be used to detect, quantify, and/or correct one's vision

usi ng sol el p¥y&l ectro-active refractors/phoropters or in conbination with

wavefront a IS thod, .no matter in what,, sequenc hat utilizes
el ot o ToisF Bl e, TS Bafens I8 PG ont ol R ek THER STt o6 Be B 1 e
one' s Vi Si ogontydl@hiterhitweld Ao Eicn®to firthsr @finevief dodRentinal prattiw et , 1S
considered part of the invention. For exanple, in certain inventive

enbodi ment s COTRAtioRs the1 nOR-eeIyGBYOIEh GelkRalive CTIE rqoBieAien. i 9f dicombinatiopudi f i ed

O oven LU EMIAR e B GBI T

of the | enseyaher pedessionalnmay epfificl @, untilvin Bome tdagesr andertindr @bioemed. 8
performed. At this point, an improved BVA for the patient, better than any available
via conventional techniques, will be achieved.
[0114] At step 630, any further refined prescription is then programmed into the
controller, which controls the electro-active lenses' prescription. At step 640, the
programmed electro-active spectacles are dispensed.
[0115] While the preceding steps 610 through 640 present an embodiment of one
inventive method, depending upon the eyecare professional's judgement or
approach, numerous different but similar approaches could be used to detect,
quantify, and/or correct one's vision using solely electro-active refractors/phoropters
or in combination with wavefront analyzers. Any method, no matter in what
sequence, that utilizes an electro-active refractor/phoropter to detect, quantify,
and/or correct one's vision, whether in conjunction with a wavefront analyzer or not,
is considered part of the invention. For example, in certain inventive embodiments,
steps 610 through 640 may be performed in either a modified way or even a

different sequence. Furthermore, in embodiments of certain other inventive methods,



mllimeters in dianeter to about 8.0 mlIlineters in dianeter. Still in
ot her inventive enbodinents, the targeted area can be anywhere from about
2.0 m |l iwetoafoso6in di ameter up to the area of the entirePCEFs03/[15246]
Al t hough this discussion has thus far concentrated on refraction using
various fornms of electro-active |enses gl one or in conbination with
wavefront analyzers to performthe eyé exam nation of the future, there is
anot her possibility that new emerging technology may allow sinply for
obj ective neasurenents, thus potentially elimnating the need for a
patient's comruni cated response or interaction. Many of the inventive
enbodi ent S des64bP afla U Len raLHES R GRS & witithaRdRmeb Of WBsI 20 1h any
type of neasurifig system et her objective, subjective, “or a conbination
of both. [ Ohilliinefers ini digmetoxtat aboth 8 Oghidlimetorsaotdianetbr Ssilliin sehefr inventidé scussed
above, an enbodi nent of the present .invention_.conc rns gn elhecgro-.active
#8 milhae

refract or / pHBPUHRENS. thRfravid ep @R e PR 4190 PRV, Tai"ei t her

be of a hybfihfe@F u®fo Be ARA-ORYRY drffire RGOSt ruction. By hybrid construction it
is meant a conbination of a conventional single vision or a nultifocal

| ens opti c, [0MdelhAlkougbattis shssussier they - thes ifye comsatrhiod age deframionhBsipg ont
surface, back. surface, .and/or i.n betwee he f.ro . ha S , the
zone consi s‘fa]nr%ls T, Ogl ée{%‘infoée-lc ¢F blensvég Oﬁe %f l{ﬁaé\;)hlbgﬂﬁ Ol?l %h %%?ff’%?

i've materi a € necessa

el ectr 0- act inggyzeBBferfolmGhaBgeefoaiHsi@ eCtheifGamtd, thert s amuthe possiblingi ment s
of the invention, the electro-active zone is specifically placed either
i nsi de the thahsewemsrsing éechaelRey aylloy smphhie pectineg nesswremsnisy Bgct it

fromscratc cﬁéntﬁﬂg Q:figlﬁ{atiﬂglrjg%g ndEA' for! B %)Qtﬁ?t‘?”p&ﬂ}nﬁﬁﬂﬁteﬂh?és ofisB® or

el ectro-active zone 1's 1nc as part o e front convex urface, in
nmost cases mtgadtidhchlang st giedntentivaeimbgdinsengpiescriebd didér chaiped béremmaref t he
conventional single vision lens or. a conventi onal Itibf ocal |lens.and the
el ectro- acifspded Ehwory WA aph AYREREIReasRiRS S %]?er%lq{é) WBV?’&uglgﬁgvedesi gn.
By non-hybrjd idigatidi&d Mot | €ns which is el ectro-active whereby nostly
100% of its refractive power is generated solely by its electro-active
nat ure. [O1MEL7FT@ning inowa té rtbat ele¢temactivndlens Gised, ias dissessed oabove.ewnt aken

o ong 117, G SRR b RRe SLETP B kr DA SRR BRBREL
exampl e, | epgt HAK hdvel sldeso-activensns) Biat ear/ dither At o @NBBritl @r o€ AS100Mybead 710 i s
construction. By hybrid construction it is meant a combination of a conventional
single vision or a multifocal lens optic, with at least one electro-active zone located
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 electro-active
means to change focus electrically. In certain embodiments of the invention, the
electro-active zone is specifically placed either inside the lens or on the back
concave surface of the lens to protect it from scratches and other normal wear. In the
embodiment where the electro-active zone is included as part of the front convex
surface, in most cases a scratch resistant coating is applied. The combination of the
conventional single vision lens or a conventional multifocal lens and the electro-
active zone gives the total lens power of the hybrid lens design. By non-hybrid it is
meant a lens which is electro-active whereby mostly 100% of its refractive power is
generated solely by its electro-active nature.
[0118] FIG. 7 is a front view, and FIG. 8 is a section view taken along line A-A, of

an embodiment of an exemplary hybrid electro-active spectacle lens 700. In this



an electro-active refractive matrix 720, that can have one or nore

el ectro-active regions that occupy all or a portion of electro-active

ref racti vweorpaoicx1 720. Al so attached to lens optic 710 amdTatSo$/exs3
partially surrounding electro-active refractive matrix 720 is fram ng

| ayer 730. Lens optic 710 includes an aﬂi gmatic power correction region
740 having an astigmatic axis A-Arotate€d, in this specific exanple only,
approxi mately 45 degrees clockwi se fromhorizontal. Covering el ectro-active
refractive matrix 720 and framng layer 730 is an optional cover |ayer 750.
[0119] As will be discussed further, electro-active refractive matrix 720
can i ncl udeimatrhtiad:dnple, ml708 Atk edesa 106 opiRr719ehtadbe8 € 1eds dptid YE) is
refractive matrix 720 can also include an alignment |ayer, a netallic

| ayer, a condwaciiacpctisg sefrachivg /maatrian/20n shat san rigve |oag egr. mpe glogirg-activie
alternative_er LEN Sk tic.cor jon region 40 is.elimnated so
that | ens of) é}%&%@? 8%)crup gca?fs gfgrﬁogtﬂ)%ne P{é%%%{vr\g—rac%ﬁ §/e. raf%v%r%a?rﬁ}% Irjbg} égS'P native
enbodi ment , attghsd apldns opfi® 7t@and af kees tpaftidily 8uirbexdih@eletlrs haheeefra@dle

di stance, and/or _ both, and any sort_ of conventional refractive error,

i ncl udi ng sEREF J20cis| framing clayety /3 nstis coptign d 1 inchagssean @stegmasicspower

El ectro-act bye.digh rr@%&ﬁ Y50 fm&fg Xn dHBBAD afls FOA &ﬁit%cfg?ﬁ %ﬁ{pﬁ@iﬁ% lex Ellteance’

and/ or for non-conventi ona racti-ve error suc atirons.“1I'n other
enbodi ment s pnlyl epiropinstdly VS degfaeactackeisediom hori2éhtalaCosaringelectrangtiveor t  of

conventi onal .or .non-conyentional, refragtive err.or and |l ens tic 710 can
correct for "EHTHERERERA ﬁ}aé‘ﬂrfg?éwg YSF?%(hS aPGE’?TTaIICPV?{égy%gg - di scovered

that an el e%fl@g aGtwiriend cﬁEL%sM\’ﬁlﬂﬁe@el@&t%—h&ive%ﬂ%tfdé&ﬁz}tﬂ& 72BRLP Afcudaas

certain distinct advantages over that of a non-hybri ens. These

advant ages arlisuidbowystabhad/or & palymen\gel. Hleattdsactiveratirantivb andtax y/28icae alsoonger
battery life expectancy, |less conplex,electrical. circuitr fewer .

conduct ors, D?Cg'\léran ﬁﬁgﬁ\eg} Bye, %ﬁc }‘Fﬁﬁﬁfaﬂ?flg%tlﬁé 1@8’51?,(# qrﬁgﬂg%’iaéﬁlgopt i cal
transparencyayeand i ncreased structural integrity. However, it nust be

noted that non-hybrid electro-active |enses have their own set of
advant ages, [91201 Iy pm glieragtiveeambadimrife asigmatic wagectiongdagia s plimingpd
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field hybri dmbpgineacHensvtic 740lcawcboect for either far distance, near distance, and/or
both, and any sort of conventional refractive error, including spheric, cylindric,
prismatic, and/or aspheric errors. Electro-active refractive matrix 720 can also
correct for near distance, and/or for non-conventional refractive error such as
aberrations. In other embodiments, electro-active refractive matrix 720 can correct
any sort of conventional or non-conventional refractive error and lens optic 710 can
correct for conventional refractive error.
[0121] It has been discovered that an electro-active lens having a hybrid
construction approach has certain distinct advantages over that of a non-hybrid lens.
These advantages are lower electrical power needs, smaller battery size, longer
battery life expectancy, less complex electrical circuitry, fewer conductors, fewer
insulators, lower manufacturing costs, increased optical transparency, and increased
structural integrity. However, it must be noted that non-hybrid electro-active lenses

have their own set of advantages, including reduced thickness and mass

manufacturing.



mass manufacturing of a very limted nunber of SKUs (Stock Keeping Units)
when, for exanple, the electro-active structural design utilized is that
of a mul twogsioghe1el ectro-active structure. In this case, PCTIUs0b/tsonly be
necessary when nmass manufacturing to focus primarily on a limted nunber
of differentiated features such as curypture and size for the wearer's
anatom cal conpatibility. [0123] To understand the significance of this

i nprovenent, one nust understand the nunber of traditional |ens blanks
needed to address nost prescriptions. About 95% of corrective
prescriptions include a sphere power correction within a range of -6.00
di opters to[6XR200 dilsopthas Sheehn dlcaVerddi aRdtebothneice MALEbriBasRd an solties
range, there are about 49 commnla prescri bed sphere powers. O those

prescri pti ofEPPHERCI S dha il Held babrid gre ppdial Eéltdrl@@ﬂﬁmpf%huwﬂbé%w fon

wi thin the , er

i ncrenments. rngagsec?ﬂ gfr?cﬁ%lﬁlgg Ogg%gléﬂ edr)r(laungbreggg out F@%;Cﬁ Kérfr:prltl)%l&%sﬁjgvg'g}rll bed
astigmatic @olr examhpledér) elpcvendiveBenetusd dsigrgmdtizeimishamt af a axils-grid
conponent, wever, there are atlgut 360, de rees of astigmatic_axis

orientati on§ ectipagtiven SRR &y ;fra%?scﬁtl‘ﬁ ‘8 i A0y Bredieeessaiyc MBgR N0ass Thus,
there are %@ﬁufyc{l.{rﬁl'g%@tfoc%§ tphﬂ{ﬁ?ﬂ 6n &XinfteR AR e} M&l%&’ﬁtlht@%%égtu%g Ver,
many prescriptions include a |focal conponent to correct pr esbyopi a.
Of those pr @semrwpmueomlmmrﬁmmamr]srae@bympﬂcompatrbehuyu on, about 95% fal |
wWithin the ¢ f +1.00 to +3..00 d ers 25 di opt ncr nts,
therepy rel0PRTAg iabogtiodufimiie 5F He CimpHugerty weshbi st 0% | o125,
Because sonﬁuﬁﬁb@dﬂ iR Sn 2@ ferfs ankd WBEHH QD 2@ sV ﬂ@scfri%ﬁoﬁso DI E85%
cylindrical, axis, and presbyopl c corrections, one non-hybrid

el ect r o- act ©of eomresiiye PEascriptiang anclede FPPET, WBET @aztgct»ong&tbanaeangc of -6)00
different pr el,ectro-active l.ens can
elimnate t gﬁ)ﬁgééeg)t %ga%lsoye#%ﬁﬂ a%(aﬁstd}ué) er1 él%ﬂegtsst i(%Csked W8 ﬂ:lg:ﬁesargl ank
SKUs, and Ohbqnngrglcbhyncgﬂjépte@cmbeﬂmphdra@Gﬁersceﬂtlﬁiw pie@@ﬁ;ﬁlofnblﬁlat iRAdetaa grind
and poI i sh each | ens bl ank gartl cul ar patient' sbgr escri ption. [00126]
To account ]ag;gnga}pén\,%ﬁr;egggnﬂ @‘?Et feviat ighn fhearange pf diQpigs (@ +4.0
accommodat e 4 calosi f a I I c.,
Someunat WO DS 6005L L BCH BRI TASEL T MR rE, ke 0Ly 3

el ectro- act pvmmoabsplswmhcdwlsﬂgmmmm sylimdenf powers eHecaamjésmgnﬁmmklmd.an

b SKU could be r ced frommllions
Never t hel €S 3xis tggmg(l)]nen however tRere are aBout 93%8 ?legrees of astigmatlc axis

orientations, which are typically prescribed in 1 degree increments. Thus, there are

360 different astigmatic axis prescriptions.

[0124] Moreover, many prescriptions include a bifocal component to correct for
presbyopia. Of those prescriptions that have a presbyopic correction, about 95% fall
within the range of +1.00 to +3.00 diopters, in 0.25 diopter increments, thereby
resulting in about 9 commonly prescribed presbyopic powers.

[0125] Because some embodiments of the invention can provide for spherical,
cylindrical, axis, and presbyopic corrections, one non-hybrid electro-active lens can
serve the 5,239,080 (=49 x 33 x 360 x - 9) different prescriptions. Thus, one non-
hybrid electro-active lens can eliminate the need to mass manufacture and/or stock
numerous lens blank SKUs, and of possibly greater importance, can eliminate the
need to grind and polish each lens blank to a particular patient's prescription.

[0126] To account for the various lens curvatures that may be needed to

accommodate anatomical issues such as face shape, eyelash length, etc., somewhat



to about five or less. [0127] In the case of the hybrid el ectro-active

| ens, it has been discovered that by correcting for conventional
refracti weoasnoeini th the I ens optic and utilizing a nostiPgT/tsesnzsesed

el ectro-active layer, it is possible to also reduce the nunber of SKU s
needed. Referring to FIG 7, lens 700 2fn be rotated as needed to pl ace
astigmatic axis A-Ain the needed posftion. Thus, the nunber of hybrid
| ens bl anks needed can be reduced by a factor of 360. Mreover, the

el ectro-active zone of the hybrid | ens can provide the presbyopic
correction, thereby reducing by a factor of 9 the nunber of |ens bl anks

needed. Thyg,. P%Y ?é%glogl:ﬁ}@hgoe%%?fo%%ﬁvé %r}%e§ﬁbpg&dﬁrﬁe A8 hiHEGBurdd Om nore

than 5 mllTon e nu r of lens blanks needed.

Because it amdir beckahNavaithglesspthsinohibet of 8KES ersuhdibaceduced &aoy millignsock thi s
nunber of hybrid | ens bl ank SKUs, the need for grinding and polishing may
be elini ndPaboutfiy¢ssieshevert hel ess, grinding and polishing seni-fini shed

hybrid | engoP)ANkShd BiR off the@h§bed ele8is-aBiw ks, e AR PéenadifRSsiclithattny FI G
28 is a perspective view of ah enbodi nent of a sem -finished | ens blank

2800. | n t hiosreetingnidi menventismatireffactive hwer witk e Ibhaepicoadotiiznga mesly opti c

2810 with a fjni face 2820 £i,pi 3
parti ol 11 debleBEapRes erfy B i Fotla s Byl e Aonatil SREA ©

enbodi ment , 888, Rekdtind esl FIGNS, 1bhand0 2806e ededay aeddetiub|pldce elsdgmatic
el ectro-active layer. ~Mreover, the electro-active structure of
semi - fi ni stesds Achan teasrdedlgnitioanThes, e rumbegof Byid leps §lagks preded 6hect .

T rer s o Sl el B e 4ef 1R SR0AOAKE pctRIAGRE L Y bt

diffractive characterss I'n"erther the hybrid or thhe non-hybrid
enbodi nent @h préadetheqiresbyapicicemedtins therabysedming ey afactemdfér thefnumbeded
correcting prescriptions, can be creat eci and custom z

laﬁms?

d..by the
el ect r o- act9fviens Bmkww%ﬁdc%u%é edrSHAVEIRLY B ‘é%‘“%?t 6an FEGHES ol | er
that has beﬁ&ncrﬁg%%brﬁgnﬁ?ﬁﬂe o 18] PeLATER) FR nbRBeP8t B9 blmkS RB&de C

prescription nee m | lions of prescriptions and nunerous |ens
styl es, siBglesevitsimap beemsasbhaik possilsle el nass manefagtme raad®r raivaki thisal

e S8 VA COURA L RO RRr  L e BT, °10

know it mayeiRgink@yol utioni zed.
[0128] Nevertheless, grinding and polishing semi-finished hybrid lens blanks into
finished lens blanks remains a possibility. FIG. 28 is a perspective view of an
embodiment of a semi-finished lens blank 2800. In this embodiment, semi-finished
lens blank 2800 has a lens optic 2810 with a finished surface 2820, an unfinished
surface 2830, and a partial field electro-active refractive matrix 2840. In another
embodiment, semi-finished lens blank 2800 can have a full field electro-active layer.
Moreover, the electro-active structure of semi-finished lens blank 2800 can be multi-
grid or single interconnect. Further, semi-finished lens blank 2800 can have
refractive and/or diffractive characteristics.
[0129] In either the hybrid or the non-hybrid embodiment of the electro-active lens,
a significant number of needed correcting prescriptions can be created and
customized by the electro-active lens which can be adjusted and controlled by a
controller that has been customized and/or programmed for the patient's specific
prescription needs. Thus, the millions of prescriptions and numerous lens styles,

single vision lens blanks, as well as the numerous multifocal semi-finished lens



[0130] It should be noted that the invention includes both non-hybrid

el ectro-active lenses, as well as full and partial field specific hybrid
el ectr o- awDim@Iléenses that are either pre-nmanufactured elPeTtusosizsze&yewear
(frame and/ or | enses) or custom zed 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 frames and the | enses are pre-nade
with the | enses already edged and put into the eyeglass franes. Al so
considered to be part of the invention is the programuabl e and
re-progranmable controller as well as the mass production of franmes and

| enses havi Bﬁﬁl&hﬁa&'%@eﬁﬁ%}ga o864 "ThCraGO ARRNRAL Sniimht ARRuASALSTARY I cat ed
and sent to the eyecare professional’'s site or sonme other site for either

t he i nst al | disiribotios,, as fwerknexaitrplag beaevlwtomrizedned control l er, and/or one or

nore contro o nts r.the pat.ient's rescription. [0131] In
certain cas L‘ng{)]n]g Sggﬂaﬁ’& I}Oé‘?df t%%til}}a 6’?‘%8h8n Grelydss 2’ 0@0?1%’%@&‘31%%%%% fts, can
be part of fdAgsphrewaRRY AL LHA Seitial ABR pacifieHSBEl RicRbblatavd RSesxhaesrdl y and
then programed at either the eyecare professional's site or sonme other

site. The either moe-ineanufaghigd elesienioreyiewiedr tenme andier lesapopefyomized be in
]E ?:n:a?r (Tn I ﬁrgct%rc?n)l(éi g?év?dﬁr g{]teh% tfrrgén §f géohr\%% H)![ tﬁg fp'{:théﬂt%@%u%tﬁﬂl&%ﬁﬁé@%@ agn_the

r ang; ens o e eyegl asses. The

control | er, tRYEAEardEEn Oprefabicat@indodskainibled, Boa tenfr@nescaid the lenses are
re-progranmabl e or not re-programmabl e based upon the businpess strategy to
be i npl enmenPEdnade, withethe Jepseqradicady dseoand ot axo thagveglagnlapes. AsPe

controller GRIRARANCShe bt df-hE HNATBRN fhe fibksimthddlc Ghd QWplRarhiiiepeat ed

updati ng of one's prescriptions as long as pat1ent or oner 1Is happy
with his ocomileeyegkthas tHer mamspraducimeh lof fisnteh and tswet haviggpihe arceassayand

functionality of the electro- EC“ ve | ensgg.. 48%3?2%%' n the c‘fjise of the
latter, the®KEHChyBIPEAR Wﬁlﬁ i gtk R tRrEtabpet sseme_ntﬁoa FreP5H Pust
di scussed, bhgesBASIRSsiIST sdife diteH Glid! @ ivhed Ak chsBIMAHEM o NfoPleStBiplel @
protect the eye frominjury froma foreign object. In the United States,

nmost  eyewegrogramsed confzllepaand/ag dEDAT meye icoritbllemsamponants, fon the patent'st o meet
t hese WD 03/ (%906 1% PCT/ US03/ 12528 23 requirenents, it is inportant that a
support strBEEUEE s built into or on the lens. In the case of the hybrid

type, this [@33FGOcaAaisER6s thE @bnteNRAHENG/or bhé bi Aofgcditioller conponents, can
be part of the pre-manufactured frame and electro-active lens assembly and then
programmed at either the eyecare professional's site or some other site. The
controller, and/or one or more controller components, can be in the form, for
example, of a chip or a thin film and can be housed in the frame, on the frame, in the
lens, or on the lens of the eyeglasses. The controller, and/or one or more controller
components, can be re-programmable or not re-programmable based upon the
business strategy to be implemented. In the case where the controller, and/or one or
more controller components, is re-programmable, this will allow for the repeated
updating of one's prescriptions as long as the patient or customer is happy with his
or her eyeglass frames as well as the cosmetic appearance and functionality of the
electro-active lenses.
[0132] In the case of the latter, the non-hybrid and hybrid electro-active lens
embodiments just discussed, the lenses must be structurally sound enough in order
to protect the eye from injury from a foreign object. In the United States, most

eyewear lenses must pass a FDA required impact test. In order to meet these



prescription or non-prescription single vision or nultifocal |lens optic as
a structural base. For exanple, the structural base for the hybrid type
can be newe ospo6of pol ycarbonate. In the case of the nonPayhrsosiidsens, in
certain enbodi ments, the electro-active material selected and thickness
accounts for this needed structure. In,,other enbodi nents, the
non-prescription carrier base or subst f3te onto which the electro-active
material is positioned accounts for this needed protection. [0133] Wen
utilizing electro-active zones in spectacle lenses in certain hybrid
designs, it can be essential to maintain proper distance correction when a
power inte I -0: t- . f t r
wiring fai I%{lﬁei?e&]?ér?ﬁsé gfr)r%es lﬁ'g)io%t%gtst ??)tnés)%Béosaﬁugmgé;%dﬁgg?@oog?%etlﬁﬂesyvl\tgar er
was dri vi ngharagubbebhyteridtyppj thit iingccoaplishadyfanexamplet higlizinglieghenze
correction was | qst. To prevent sucq occurrenﬁlgi% 81“16 i{i%/enti ve td%fi gn of
the el ect r GEEPHRN O BER-REGSEHIPHARSLIIBIC XI51G8, O pliIqest 1onf, QPHE 8¢ 3 SiRctur
correction Q. PRoTBLMRENER é’tﬁ%fhr&lhﬁas@f%?ttﬁé)h?ﬁﬁﬁ\’@pez@&??oeaﬁﬁdé dut be OFF
position (the i1nactivated or unpowered state). In an enbodi nent of this

i nvention, pdiycrioeatebdn the casplof shediobshypridviens.rig eduaind esbadiseengorthect i on

with a conventional fixed focal , | th optic ther It fractive
or a diffraltiiPe B rIP%ertl%}681%‘:5&9fngglgllc]?[f%gg‘fcoug%lbgl\}vgeP%edteﬁggg?tgfeé I,if?i s
provi ded byyhbeebssitdcarsatiel Yéh-gre@{ptibn chiitg, base foaishbgiate onl whichahact i ve
system occurs, because the conventional |ens optic will preserve the

wearer' s di decireactivermasenial drposjtppgd peappds for this needddioleLe-of an exenpl ary
enbodi Ment g a3NAINRT Al AH EROAELINE A0S ORRARK R heBSAP @10 that

is index na 0 an e ro-active rerractiv mat ri x S
il lustrati vgesenaml@n behessetticd rtgimgniaanproppt distaddd cohrentiongwhen aipodex of
refraction, nl, provides distance correction. Attached.to_.lens.optic 910 is

the el ect r GiaEpHion to e 158%‘}3 WECHEt 10y the §2%§ of hPAiFTY: 8 Wﬁ"é%f"]_élﬁreu NactTat ed
state, and g, .0Uber 0l ReiiNEbEOiF hlBRer WAS Brifing G RnARddiM I ckiast | ve

matrix 920 1s 1n i1ts wunactivated state, it has an index of refractron n2,
whi ch appr oxi ampleheyanhtheirelistitve coimdmn wihs loef. Tagirevant sweh oashrrbeges, Bpt i c

910. More accurately, unacti vat ed 2.1 within 0,05 refractiye units
of nl. Surrby ﬁ’&ﬁvﬁg‘g%’rgé‘c\,\‘,%ﬁgs: 3&6&9@” & ?%?8{1310{?6 SRS (PN PESHAS Or\/@e (5%;? &6’6%611

PCT/ US03/ 1284&ctidh t& 'hthdlftalrdd 8iheB3fe cWatr6cha® zadesidiél @x tief OFBfpositiohon, n3,
that al so approxinmately matches the index of refraction, nl, of lens optic

910 withi n Ghomactétatettel wpowaiedstase). In an embodiment of this invention, this can be

accomplished by providing the distance correction with a conventional fixed focal
length optic, whether it be a refractive or a diffractive hybrid type. Any additional
add power, therefore, is provided by the electro-active zone(s). Thus, a fail-safe
electro-active system occurs, because the conventional lens optic will preserve the
wearer's distance correction.

[0134] FIG. 9 is a side view of an exemplary embodiment of another electro-active
lens 900 having a lens optic 910 that is index matched to an electro-active refractive
matrix 920. In this illustrative example, the diverging lens optic 910, having an
index of refraction, n;, provides distance correction. Attached to lens optic 910 is the
electro-active refractive matrix 920, which can have an unactivated state, and a
number of activated states. When electro-active refractive matrix 920 is in its
unactivated state, it has an index of refraction n,, which approximately matches the
index of refraction, n;, of lens optic 910. More accurately, when unactivated, n, is

within 0.05 refractive units of n;. Surrounding electro-active refractive matrix 920 is



nl. [0135] FIG 10 is a perspective view of an exenplary enbodi nent of
another electro-active lens system 1000. In this illustrative exanple,
el ectro- awpiospIdeens 1010 includes a lens optic 1040 and ®aTAISes12508 acti ve
refractive matrix 1050. A rangefinder transmtter 1020 is positioned on
el ectro-active refractive matri x 1050. 4AI so, a rangefinder
detector/receiver 1030 is positioned 0?1 el ectro-active refractive matrix
1050. In an alternative embodiment, either transnmtter 1020 or receiver
1030 can be positioned in electro-active refractive matrix 1050. In other
alternative enbodinents, either transmtter 1020 or receiver 1030 can be
posi ti oned f4.n0r 100 dBNSORL hs H04ex! & RENGE0EHOHaTBRb SapBldxiRbte]
transmtter %% g}%rrec’ei ve 1%30 can exbe pos?(t? 6%’(1 (E)ln outé)? cévefiyng | ayer
1060. Furt heatchdsnhoirdex of mifottiom it sof 1020ptanl0 ¥IBR @8 réfeacvs bnitoeled on
any conbi nation of the preceding. [0136] FIG 11 is a side view of an
gai(farrpl ary éhbodi nent of a diffractive electro- active lens 1100. In this
iITustrati g1 £4ame). &0 1se9SpetiPebiGvel :bQ BF Qui d@snliir§t aABRlimesr beGho@s: Et ched
on one sur:‘/[gc?jof lens optsl?c 1110 is diffracti v%ﬁrs}attern 1120, having an
i ndex of r eflecaotictime lans sydtern 1009.tIa dlis dlustratiemexapiple, slesxregichyrileadv@lq ng
diffractive pattern 1120 is el ectro-active refractdyv a1 I , whi ch
has an i ndé}?au T taellerné_c?]i’tbcn,l%ﬁ&_sﬁ%fffl F]ﬁ(éttm%%bvreo%ﬁﬁaﬁ 6% nl.é{srféb.]l%?&v\ﬁen
el ect r o- acthN@ @bl R&tsifer 1020k podifidfbd én bRcird-actiiraetrastiteatlatsikal050. Al so
attached to lens optic 1110 is fram ng | ayer 1140, which is constructed of
materi al noAkspya ragnptindes|detestor/Esesivepd 30 mIPpsitionsd on wiFcHA-25HVE BARCU YR ti al |y
surrounds el ectro=active act { [ [ : i
a1 ached oveRoy D0y bl ACuleLARE AR chner e EANED P ecoht PN 1140
\m_e 1;] r am ngcahayepodilidfed am eldcso-dedvaneieadtivnsiamixol03enk ofier altéhaye i n

ich can no  actual l|ayer is add however, s optic .1110 is fabricated
so as to freamodipents, “‘l"lﬁﬁﬁéré‘ﬁ%‘éte’éﬁg%q P’E)IeéE]tVF’{/ébf(gF?nag? P%‘tlpr‘éf‘%r ™9%0.
[0137] FI Gle,f]‘szofr)]t& foid. Mok BiboBRtEnE Gihel Rafsniittde 10P¥H repivanoseeam! ary
enbodi nent of an electro-active lens 1200 having a nulti-focal optic 1210
attached tle pusiteined bn outkc toweeing dayei hQPQ. Hygher] pgheriembodimgerits, 1020 prd i ve
exanple, mu|ti-focal aptic WO 03/090611 PCT/ US03/,12528 25 1210 is of a
progr essi vei(g’gdi_aPi?’Sﬂ?O?IBﬂ%edcfg’s?“éﬁm%ﬁa 80 of e BICEHNE i || ustrati ve exanpl e,
mul ti - f ocal (03B} LIGLA40s angdeudes of ahicksiplp) bbbdifeh 64 diBftadtive kgectrone 1212

and a active lens 1100. In this illustrative example, lens optic 1110 provides distance
correction. Etched on one surface of lens optic 1110 is diffractive pattern 1120,
having an index of refraction, n.sub.1. Attached to lens optic 1110 and covering
diffractive pattern 1120 is electro-active refractive matrix 1130, which has an index
of refraction, n.sub.2, that approximates n.sub.l, when electro-active refractive
matrix 1130 is in its unactivated state. Also attached to lens optic 1110 is framing
layer 1140, which is constructed of material mostly identical to lens optic 1110, and
which at least partially surrounds electro-active refractive matrix 1120. A covering
1150 is attached over electro-active refractive matrix 1130 and framing layer 1140.
The framing layer 1140 can also be an extension of lens optic 1110, in which can no
actual layer is added, however, lens optic 1110 is fabricated so as to frame or
circumscribe electro-active refractive matrix 1130.
[0137] FIG. 12 is a front view, and FIG. 13 a side view, of an exemplary

embodiment of an electro-active lens 1200 having a multi-focal optic 1210 attached

to an electro-active framing layer 1220. In this illustrative example, multi-focal optic



second progressive addition optical refraction focus zone 1214. Attached to
multi- focal optic 1210 is electro-active framng |ayer 1220 having an

el ect r o- awDIdMt6eyi on 1222 that is positioned over secon®CapiSosals28
refraction focus zone 1214. A cover layer 1230 is attached to

el ectro-active framng layer 1220. It should be noted that the framng

| ayer can be either electro-active or non-electro-active. Wen the fram ng
| ayer is electro-active, insulating material is utilized to insulate the
activated region fromthe non-activated region. [0138] In nost inventive
cases, but not all, in order to programthe el ectro-active eyewear to

correct one'1gly isScbeﬂperrebilﬁe adtifisR s &é’s&%} M6 Re ] inHisfilistRahe é}@d’iﬂ%@tl onal
refractive error it Is necessary to track the | i ne- of - si ght of each eye by

way of tr aélvéllﬂéo%aﬁépélgielzdﬁv@ﬁﬂéﬁ?ssa(fertt ﬁ@lc@btreféawloarfom@ame 12191 304 aF| G 14

1300, " Fr anos oy poadsle A EHCORIA JerBERRAELIR Lo 1214 QREOE s BREST
backsi de of fedakopticolZickis \zhctrensuﬁedfﬂwntghayeraad@ha\hﬁgaﬁtalebﬁoiabﬁ?vd/\@gfo@r' S

eyes, also _r rred to as the proximal side), are a tracking signal
sour ces 14302 giﬁ’@hlsanémluio@?ﬁ OVeéﬁ?CtOPiiHBtlﬁﬂ ﬁ%%loﬁ%s é?lﬁeabﬂédAtC@V? Y®acksi de

of el ectro-364h Ve akRASA %&%&c% Betivd ﬁsﬁ@glaz&gi@io Iﬁglgc}u\r@ e n%feﬁothf§ g%h aS

light reflection sensors. Receivers 144 nd possi bly sources
connect ed t éramicpiryentiebe githir aéntnordctivhat noneleattesiciive.i Waen ttmnimynng

B e e T A

variation thei @ehontbiivatéSregrRpded as certain types, but not all, of
non-conventional refractive "error needs to be corrected and |soI at ed

wi t hi n one' $0338hdn grost inyientiye eases o alli i ondpretacprogrash the elpetod-hétivecor neal

i larit h .[ 0140 n_var. ous
2l tornat ve Skl KBt LEoaCEYEDe % 1 BBuRR, IR SBhieoupesf Hhyredn) iR
attached t ordfretiback®i deisohedesame so 1htR, thempeddsibhk ot dagh dayads frames

1410, and/or enbedded in the backside of |enses 1420. [0141] An |rrportant
port| on of HAGKIESeeYe MOVERISEts of Hie RAEPMPTIWRIE] ect ro- acti ve spectacl e

Vo5 s DR LY IS oo e gy LABag Rl Liglh il 1

person can syterappfdxilrames y1490 cegaieedettm-adivehizns s1400, Adehsdabpdrt

visual acui 1llagckmde ofc e%c(?tgo \all\ét}vry lens 1ﬁ£‘@l(tlh%{ sfdeec!lgse(s)tf tovthe wearer's eyes, also
referred to as the proximal side), are a tracking signal sources 1430, such as light
emitting diodes. Also attached to the backside of electro-active lens 1420 are
tracking signal receivers 1440, such as light reflection sensors. Receivers 1440, and
possibly sources 1430, are connected to a controller (not shown) that includes in its
memory instructions to enable tracking. Utilizing this approach it is possible to
locate very precisely the eye movements up, down, right, left and any variation
thereof. This is needed as certain types, but not all, of non-conventional refractive
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).
[0140] 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
1410, and/or embedded in the backside of lenses 1420.
[0141] 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



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
circul ar wegBomeneasuring 0.40 nmin dianeter on the retipca/usdsidises onal |y,
the eye images the scene through the entire pupil dianmeter, so the pupil
diameter will also affect the size of i¢1e nost critical portion of the
spectacle lens. The resulting critical“tregion of the spectacle lens is
sinply the sum of the dianeter of the eye's pupil dianeter added to the
projection of the fovea's field of view onto the spectacle |lens. [0142] The
typical range for the eye's pupil dianeter is from3.0 to 5.5 M wth a
nost common_val 4 h I f [ j BeJreedl fat el y
04 Lt T e e e R et el

di mensi on ehh& $ibe ths phatpast eistansuity iafldettdewitbin gushalisarfidoérdcs t he

| ength of the eye, the distance. fromth to th tacle | tc.
[0144] The cPRePRIGE Sy SIEGRIBr Dhite SRV ih did PRIBNEH S BIboTHESs on
| ocates theye [ gL ?@ﬁn&;%g@ﬁueeﬂo%ar, r28d 3¢ bppiBxingitdly taha@fcut® e @b n@ab@ridighe eye

movenents relative to t fovial region of the patient's retina. This is
i mport ant @it inen imdiemeten wnshe oftimaaAdditionalpy, sk evenisepged thel seaye thegighect f or
t he non-conventijonal. refractive errgr.that I r I e

noves. Thugl,le pRure Qu%g&%egqry 59 ﬁ]en%u?‘} ,dlﬁr&?ateﬁg%%l 3&?#&%@?#?\?:& tféé.' 6di ment s

that correctitbQrpddas 6P Meeiicc@bR! lefig fTRCEbMEng Crifital trogioh ettthe spatdckel y
alter the area of the lens that the line-of-sight is passing through as the

eyes fi xat denst isesimplyathgesuny of dhe diametergpfhde ugsdRuPl diafgies Wity it

i nventive enbodi nent. the w } QF | hegtro-active |l ens corrects
f or conventprr‘?iﬁ%lfonr(;eﬁﬂrl%%{vfa%‘llgﬁélfl roglr% iegil%ﬁtéstﬁ?ptﬁgﬁg%&%bves the targeted

el ectro- act[i)y&z]may?i@@luang@msha@av@dpimamr of frome3.0 to ASkinmg withst em and
software to correct for the non-caonventi onﬁ\l refractive error %al&iépg into
account t henesigPanan vHpe AL ¢l e Avergg HPveaHIaMEtet 1% R PFEEHY Ydect i ons
of the len nd factoring this into the final prescription for that
specific area. [0145] In nost, but not all, inventive enbodi nments, the
tracki ng sy9148h Brdtypeahhdngados dfet sies of ite fovied's pejected dongnsion ee’the vi si on

i st ant " ob] Beeacleansis PERRFR Y BhomBaRTIS s SIS SR g o SRR 12 G
is wutili zqgorh%ebé%;eho%@g&@@lglgnlg,eeté,ange of near point focus in order to
correct for one's )
[0144] The tracking system of this specific inventive embodiment then locates the
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 all, inventive
embodiments that correct for non-conventional refractive error to electro-actively
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
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.

[0145] In most, but not all, inventive embodiments, the tracking system and

enabling software is utilized to correct one's vision to its maximum, while looking or



acconmodat i ve and convergence near or internediate range focusing needs.
This of course is programmed into the el ectro-active eyewear controller,
and/ or onwoams/opmne controller conmponents, as part of thePoatises2508
wearers' prescription. In still other inventive enbodinents a range finder
and/ or tracking systemis incorporated gither into the | enses and/or
frames. [0146] It should be pointed out2 that in other inventive enbodi nents
such as those that correct for certain types of non-conventi onal
refractive error, such as, for exanple, irregular astigmatism in nost but
not all cases, the electro-active lenses do not need to track the patient
or wearer's apz}'rfzgat L4t bBieERSFHER o RYE R InbarS Rk fiRs @addnsSsyste )9 dsed, is

pr ogr ammed ¥ &orrect foJr this, as well as the other conventional
refractive utdizedrto bbtht ¢edeybaie ithentangg 0fl 4Fqr paingdocusi incwderierqoaterioios oae's
directly related to.the view ng distance, it .has been discover t hat the
can be cor r PRIt YEIL FoRNCLS nﬁ%%?%\ﬁ%ﬁleéﬁa%trgﬂ%ee&cﬁ% ne?‘%‘, "1:"1%1'%82 t he Y
aberration gy rahbe 'pfc?gtrirﬁﬁﬁd ey ehdE8ArIRASY re?é'weairtcohﬁom,sﬁidbcbr&)nb(i)r efreect for
these aberrations inm the electro-active refractive matrix by way of

segr egat i ngcantiller=¢erppansnisces pat o€ Hieopaiicshon WepsTe PESEHRINe \?@?{Wl@ér rect
for aberrations.for specific dist i ] | Sl :
far-inter methivaty eve}n%l? H,mlﬁggrr?ril etfér?%ggﬁ%/? g&%@%%&ﬁ@gﬁ%ﬁ%@g@ ?/llthselron. For
exanpl e, thpteihetddses arl/orMearh®ns can be segregated into a far vision,
far-intermedi ate visiaon, near-internedi ate, vision, gn near v{asi on

corrective [(A4ABY sheuldbe prinisdruiihab it 6HEF SIVENRY EREAIEBRE Wahgh ﬁ@os‘?he zone
to correct far NOSEror a(%ﬁl{ai;nart}é)gp%ft R IR Ednal ri‘@frch“l?ic"\if[f: ESRANGLA0 a1 fM NG

di stance. Thererore 1n pecific 1nventive enbodi nent, where the
el ectr o- act exeenplefirragtlavastipmbiisny, in snoss bgrmeg all eakseb ghe dietfrerctine ldiss daces

wher eby each segregated region corrects for peci fic aberrations of a
specific di 89teEe 1O tack @%g@ée%f’%wﬁﬁmﬁ%?}leeg’f‘ tﬁlgrcaﬁ’o © roé’F’faé\lc%?‘i}]é)'aC@eror

wi thout a tfacki ?&gfﬁﬁh@@%&@an&%&&hﬁs&@wehyas thé ogleubsvdaBopaiBfradiveut t hat
\Y

in another inventive enbodinent, it is possible to acconplish the
correction efrottdfeghepaticobnventi onal refractive error, such as that caused

by S A ARl 3y SRR DR LSS Y

enbodi ment , hetsi diovBRAMh@Whegca 158 @ditRtedsinadlatiom plthe VidveingafigtavreeThal] ust s

the focus of a given electro-active area to account for the
is, once the aberration or aberrations have been measured, it is possible to correct for
these aberrations in the electro-active refractive matrix by way of segregating the
electro-active regions so as to electro-actively correct for aberrations for specific
distances such as distance vision, far-intermediate vision, near-intermediate vision,
and/or near vision. For example, the electro-active lens can be segregated into a far
vision, far-intermediate vision, near-intermediate vision, and near vision corrective
zones, each the software controlling each zone causing the zone to correct for those
aberrations that impact the corresponding viewing distance. Therefore in this
specific inventive embodiment, where the electro-active refractive matrix 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 tracking mechanism.
[0148] Finally, it 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



correction needed for an aberration that would otherw se inpact the vision
at the given view ng distance. [0149] Furthernore, it has been di scovered
that eithwooaooshri d or non-hybrid electro-active |ens cacThsosiexsegned to
have a full field or a partial field effect. By full field effect it is
meant that the electro-active refractivg matrix or | ayers cover the vast
majority of the lens region within an ég%glass frame. In the case of a ful
field, the entire electro-active area can be adjusted to the desired
power. Also, a full field electro-active |lens can be adjusted to provide a
partial field. However, a partial field electro-active specific |lens
design can pQfoRGmadiutiuetaél@ng thuhk chi®biEndhSusiny thBSiewink Chitddcy a8@gded to
make it partial field specific. In the case of a tull field |lens adjusted
to becone ainpattthasofiwase ddjustshe focpneti 4 gives elecironctdte arhetatcsonntdondei ve

o or an SARRPGCRh AL ARRaFSEABEIERe AREPHs o 1B BREET

1500. Franmegivéhievanatatancel ectro-active | enses 1520, which have a partia
field 1530. '015%] For purposes of conparison, FIG 16 is a perspective
vi ew of an &t Farthermess o s nbeept digeaveredothak eitbere @t hyhrisk of onthyheidsy st em

1600. In thi i) rafkJ A j . ive
Fonses. 1620 HRIBLY AR bty oy 2R s ARLRY R BRLE Srath U0
enbodi nment s fieldeefifiact it fsqaednt ehat che oleawd-asteveoefiactivesmptrex- omagerk aoverr thd and i n
some cases, due to.the si nificantlﬁ,reduced nynber og SKU s 1;r?guired,
even i nvent SR SRAIHLYtHdhicap By thigaa sygRlass rame . 1n; tam seperl acfurl gl

el ectro- acil & e BRctd-aitve aldd Sanl BV EHsERAR AdlifRovil! RWS, 4 &l {1&9

di spensing site to sinply fit and edge the inventoried nultifoca

el ect r 0- act eleetrd-aetsvebleanéan heradgustdueto pedade a paitial BeldbHowgvén apedial NIl e i n

t t hi i ti . | h f tial ield i.fi t
ot caoes bl el Bt Seatn an eP Fcd e i ar ilEol' de, B, |
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[0153] In one hybrid enbodi nrent of the invention, a conventional single

vi si on | ens adjppied & bedomy aopardal fiedd leas.densarigal seetionan-the plaelre-ectivedengreanavi ng a

toric surfa OR L. eGl:l astigmati smand a spherical surface is
utilized to%gﬁﬁaugtﬁ%g? fok kit hofer

[0150] FIG. 15 is a perspective view of an exemplary embodiment of another

electro-active lens system 1500. Frames 1510 contain electro-active lenses 1520,
which have a partial field 1530.

[0151] For purposes of comparison, FIG. 16 is a perspective view of an exemplary
embodiment of yet another electro-active lens system 1600. In this illustrative
example, frames 1610 contain electro-active lenses 1620, which have a full field
1630.

[0152] In certain inventive embodiments the multifocal electro-active optic is pre-
manufactured and in some cases, due to the significantly reduced number of SKU's
required, even inventoried at the dispensing location as a finished multifocal electro-
active lens blank. This inventive embodiment allows for the dispensing site to
simply fit and edge the inventoried multifocal electro-active lens blanks into the
electronic enabling frames. While in most cases this invention could be of a partial
field specific type electro-active lens, it should be understood this would work for

full field electro-active lenses, as well.



power needs. If astigmatic correction is needed the appropriate power
single vision lens optic would be selected and rotated to the proper
ast i gnat iwoagiososhiocati on. Once this is done the single viPETarsos/es38 opti c
coul d be edged for the eye wire franme style and size. The el ectro-active
refractive matrix could then be applieg on the single vision lens optic or
the electro-active refractive matrix c ﬂ be applied prior to edging and
the total lens unit can be edged later. It should be pointed out that, for
edgi ng whereby the electro-active refractive matrix is affixed to a | ens
optic, either a single vision or nultifocal electro-active optic, prior to
edgi ng, an t .05 i i : ;
@hggefrnooé@%ybﬁs gﬁf%ﬁﬁﬁ%‘t of ﬁl‘éq}?véﬁﬁoﬁ[agélﬁé%]@ﬁ'imﬂ?!;mgl@)(qst?@n lens

advant ageous o | 'qui d cryst mat eri al . The el ectro-active

refracti ve opicrbeing @f dsphesiopddsign tronaoagpheiibldesipe havimgt 4 ¢oric byfagayfoof

di fferent technol ogies. known in the art. atible lens optics.are optics
whose cur ve¥rEREeR 1L' fl%{:g&a%\ﬁinl an&aacgnzlﬁpca;l ﬁg%‘}gejlétql‘%-zgq: {q ooVt ftbgﬁts?a‘pge matrix
properly framtfaeds tandsartibicortctRandnbdicdars hhetbpiste potdf gihglragen final
| ens power.  For exanple,” adhesives can be utilized applying the adhesive
di rectly tolenheptiewsuldpeiselecigddnd metaed &y thegprepsrmstigraate] axds fosatigm: Opse| ayer .

Al so, the electro-active.refractive ..matri n SOt is
attached t ot P ltsf:dl%g% ¢ ﬁ'nilgl?nvllsrllonv\%fl% pt%:cgégoeu Ii(lil Fe %gged%g’r %e%\%%ggﬁ%ersgé%t ached
adhesi vel y 4l ¢ihe TiRNEle@d-hétiveAefactiviet madiit durildtHeacthe dpplizdt oMOtheVygléi | m

carrier of which the carrier itself is attached adhesively to the |ens
optic. FurViHepaseptic or BgplesdrogsHre wdragiys matrixgag bgepphgderes4e pging

techni que i i t§, V. f 1 I Xe | :r eat ed
st o, onsEe b g unk n B RLEEIAG! fob AR IR ok S450E3

conbi nat i onwhéreby tletd¢dtom-atide nefrectivatiatixajspifiieahtol sslens eptid, eitlkata Shgleone' s

m d and near, point visio needs, a nultifocal, K progressive l.ens 1210 havi ng
the proper HEER IH?@_?%%E@“@‘E)’P‘F%V&QP(S‘H’ BIAef ‘i?a?ﬂgﬁg%; g“P(fiecéSQaar?ﬁV% ,rnater.1a9. _
appr oxi nat eé&hﬁ%a%@lﬂ@%%a& BE adddnlagBbusidiet a lifSACrAM cREVRY. 1S utilized in
lieu of the singlée vision lens optic. In utilizing this enbodinent the

el ect r o- act [01&4} Ehe elettro-ectingt nefractive aBatgacai be ppplissddtosremgiatiblerlens efgicef WO
i as well
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utilized towRbRVaEFGesf Qid REdbés WBAccaptdthp @Wtro-aclifd eGtac\ihe matist biopeflg a
| ower add power in the |lens optic than required by the overall multifocal
| ens, the firpa thgadansopeipt of bopdingopesthetien | and{os nyoRwT fiegl lepePpwey. For

example, adhesives can be utilized applying the adhesive directly to the lens optic
and then laying down the electro-active layer. Also, the electro-active refractive
matrix can be manufactured so it is attached to a release film in which case it can be
removed and reattached adhesively to the lens optic. Also, it can be attached to two-
way film carrier of which the carrier itself is attached adhesively to the lens optic.
Furthermore, it can be applied utilizing a Surface Casting technique in which case
the electro-active refractive matrix is created in-situ.

[0155] 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 point vision
needs, a multifocal progressive lens 1210 having the proper needed distance
correction and having, for example, approximately +1.00 diopter (or “D”) of full
near add power is utilized in lieu of the single vision lens optic. In utilizing this

embodiment the electro-active refractive matrix 1220 can be placed on either side of



mul ti focal add and the additional required near power generated by way of
the electro-active |ayer. For exanple only; if a nultifocal progressive
addi ti on wens/ogpti c had an add power of +1.00 and the el @CTrusoHTISLY €
refractive matrix created a near power of +1.00 the total near power for
the hybrid el ectro-active | ens woul d b% +2.00D. Utilizing this approach,

it is possible to significantly reduce Snwant ed perceived distortions from
mul ti-focal |enses, specifically progressive addition |enses. [0157] In
certain hybrid electro-active enbodi nents whereby a nultifocal progressive
addition lens optic is utilized, the electro-active refractive matrix is
utilized toggubikiaskhl ?i‘ngééE‘i\()’é'i&%do&ﬁﬁ IR AMurEll ifisite (Re LAuRbiis Meds by
neutralizing or substantially reducing the unwanted astigmati smthrough an
el ect r o- act ¢elvettoractive el adive enatnixalsiwtilined pqwevide Sorpddismnaloddgomer.y in t he
areas of th where. t he .unwanted astigpgatismexists. [015 In certain
Mvent ve. clISAl BRE S fiatneg JAPHORGPoPRLIT e BT oPHG T HaRkEhSd. Be ven
appl yi ng a grsanuaie@dceslaphd, dhe fihal fidepRed:rio 1€ tdmeaddaivedsdvier fTRE Ndwk 1t 1S
necessary to align the electro-active refractive matrix in such a way to
accommodat emuttifecahradgdedndathei agiditianel ssguired gear pewen gendiated ibygway wifsthen | ens
optic so as_jtq allQw:for i .one! J I it ist, as
vl | “as 1| ocsfG R THRE e SRR My 2P R i PR (O fRth S opfE

| ocati on f oRadoAe'a8d P¥@e: oS00 dntl ths eltege6@vey/ reftattive tdaariparchiedla fidagl d
design to align the partial field location tqo allow for proper

decentrat i opp\mraefeﬁbEP the tefak pepsmewver ok s helrideplectso-aetiie leas yanddds. 1t
has been 45 bOB! ABARY R dpbldan, Uil §8s808\BMibARRIn P RRGE: WiRkfichhe
static bifocal,” multifoca 8 progressive regi ofis are “al ways placed to

al ways be bptrosivaheligortidhs tfasra emultefuicalg lagaes, spebidicalde pbgrassiv edditionacti ve
l ens allows for certain manufacturing freedomnot available to

convent i onal®™ift ti f ocal | enses. Therefore, sone enbodi ments of the

| nventi on, fsdlg7]3hf3céerr@irﬁcﬁ9b\fﬁ red&i@lhctiSe | emBb@itheewhasy VIO R3180a11

PCT/ US03/ 12528 ~ 31 woul d typically find the distance, internedi ate, and
near Vi si onprogiiseing adflition lephwete iipmtilizets rihe ledastrogqctive irefeactive thatfigcial | ens.
For exanpl e, .the electro-active egion..can-be.pl aced..above the 180

mer i di an of VS € sEOtEsE PR vyl SRS RHGHRL DIE ACe TR MhERP Ve i on
zone to be gegabstamially Yre@icg ded vabaned t ieigaBfsiemhidlighnadfelectro-actively

created neutralizing power compensation solely in the areas of the lens where the
unwanted astigmatism exists.

[0158] In certain inventive embodiments decentration of the partial field is needed.
When applying a decentered partial field electro-active refractive matrix it is
necessary to align the electro-active refractive matrix in such a way to accommodate
the proper astigmatic axis location of the single vision lens optic so as to allow for
correcting one's astigmatism, should it exist, as well as locating the electronic
variable power field in the proper location for one's eyes. Also, it is necessary with
the partial field design to align the partial field location to allow for proper
decentration placement with regards to the patient's pupillary needs. It has been
further discovered that unlike conventional lenses where the static bifocal,
multifocal or progressive regions are always placed to always be below one's
distance-viewing gaze, the use of an electro-active lens allows for certain
manufacturing freedom not available to conventional multifocal lenses. Therefore,

some embodiments of the invention, the electro-active region is located where one



the lens optic. Providing the near vision zone above the 180 neridi an of
the lens optic can be especially useful for those spectacle wearers
wor ki ng awoaBogw1di st ances to an object directly in frontrcartSovershead of
the wearer, such as working with a conputer nonitor, or nailing picture
frames overhead. [0159] In the case of non- hybrid el ectro-active |ens or
both the hybrid full field |ens and féf exanple, a 35 nmdianeter hybrid
partial field lens, the electro-active |ayer, as stated before, can be
applied directly to either the single vision | ens optic, or
pre-manufactured with a lens optic creating electro-active finished

mil ti f ocal \+(ﬁﬁ§ t gilc Sfinaﬁ&het AR L e Rlid, OB L 8 Qisl NS B ©f Prior to
edgi ng the Tens or the s ape of the frame's Iens nounting. This allows
for pre-assentdnyiondl sdbreeckcte-activevmultefiwal dnanker exsmplsl ltheaslegupragtivmbl e to

Al owi ng_ f GFEPReEn bk ploHs aysghaded PRER BT e af Shiy Thorafh B R e 1M

di stributi ofyiikdal HEirREsibSoslOGL Y oRbsiORALiyChrdMided abbvechs 180hhéridMi bf al | ow

i
all optical dispensaries to be able to oryfcer fast service with m ni nmal
needs for ekpdemsioptic. Pabvidisgtheoneas gisipnaone abiyeshedfemeridizmaliheclens er s,

s for atpdampiogc. Pay : merilimal .
of  the par (9 o B @stecial JeSLE Tuorf SRRV Syl PRI A iyY, 21 7€

enbodi ment hat oibet dakctlyah ffdelod sRrerRhd iof the giearer Coiththsb@orkiBh withn a
di ameter centered or decentered round design. It should be pointed out that
the di aneteompie sneuiferaampilpspisiuedimes ONCEe needs. In certain inventive

mbodi t : ] ' : i zed.
[0161] The 1S9 e TR  Adp Bbr el e RS Sr SORTRL ThBrR AL 104 e

el ect r o- actleneand ff reasmhplepa Batmmxdianettohytrhiepatigciald lanst theeldciretagtivt | east
two such structures are_ contenplated. as within the scope of .the present
i nventi on, h&‘?feﬁ%?tatédéﬁeﬁﬁ?’élanﬁﬁtaé’@?fﬂﬂ’é%cﬁlyéP§é£?%{Plﬁélqg&gv@topdﬁ?su? and a
mul ti-grid &l ectiauehirdwithaU&isWtic WA EReRE6 bl RAINIERAE] 182 [ 0162]

FIG 17 is a perspective view of an enbodinent of an electro-active lens
1700 havi ngblanksi oighe nivitifcaqnogessiet lencepiicepriorensdging the leas fogdke shapens

oPLe 1710 BB sl Ry S T B AT b 2D e
activated pghilisahs ¥k@hebdidd @it k@ Mvantorypdeek figishedabiii noatdgkdfdleiud-dcdve r egi on)
1750. A single wire or conducting strip interconnect 1760
lens blanks, thus allowing for just in time eyeglass fabrication at any channel of
distribution, including the doctor or optician's offices. This will allow all optical
dispensaries to be able to offer fast service with minimal needs for expensive
fabrication equipment. This benefits manufacturers, retailers, and their patients, the
Consumers.
[0160] Considering the size of the partial field, it has been shown, for example, in
one inventive embodiment that the partial field specific region could be a 35 mm
diameter centered or decentered round design. It should be pointed out that the
diameter size can vary depending upon the needs. In certain inventive embodiments
22 mm, 28 mm, 30 mm, and 36 mm round diameters are utilized.
[0161] The size of the partial field can depend on the structure of the electro-active
refractive matrix and/or the electro-active field. At least two such structures are

contemplated as within the scope of the present invention, namely, a single-

interconnect electro-active structure and a multi-grid electro-active structure.



connects the activated field to a power supply and/or controller. Note that
innmost, if not all, enbodinents, a single-interconnect structure has a

si ngl e pawp osfvmshectrical conductors coupling it to a powem/tsosnases [ 0163]
FIG 18 is a perspective view of an enbodi nent of an electro-active |ens
1800 having a nulti-grid structure. Le 1800 includes a |l ens optic 1810
and an electro-active refractive matrix 1820. Wthin electro-active
refractive matrix 1820, an insulator 1830 separates an activated parti al
field 1840 froma franmed non- activated field (or region) 1850. A plurality
of wire interconnects 1860 connect the activated field to a power supply

and/ or cont FOJHSQPFIG.[ DA AL poRpBetivel Jikw i dTGhnt &abSdTREhEb Bh @IER{r6lastivedlenk he
partial field, 1t has been discovered that the el ectro-active thickness

di f f erenti al 780 batiegigesingle suercemest struglire.pbensi B00findndesspéasfapticridgPon when
EIJ_L! lizing a & nglel%cﬂr{;lglgt{\%orgﬁg&}veerhﬁﬁ&rl%?&%it}ﬁﬁn el%t%oqgétﬂrre%leﬁ&%vg?nﬂ&' m zed.
is has a Very positive role 1h mnimzing the electrical power needs, as

wel | as nunbg20, ah itdueedr F30GEparstes Ay adtiatcdaitict dicldeBRIO @h layfrdngsd Adie

single interconnect structure, This_ is not al \angq){s the case for the partial
field speci fstivateddisld(pripgipbl/S0t Aingls yits of crpdycting sirip igtescanpectddPye
structure. i1z : I j i ryct ure,
Th iy nvenR e d 0 ol FloDD kBT BRIGE LodoBE Nl Mopai T Ut

el ect r 0- act hateals tembexlimess, ar singlayeierdnwdct Kiractore lon 4 diegle|pairsofsdlecdcdlo al | ow

for mnultiple e ectro-aftiye Iagers creating for exanple, a total conbined
el ect r o- act PUEIUAQRETOURINE B 1@ 8 BOWPLSQUE®s i nventive exanple only, five

+0. 50D si ng[(H6BPFﬁ§.CPE§“ike§tpefs%¥&fv% aeW ¢ feeRbaisdnOBE aR R1dcAB-Rfive RGR ot her
separated only in nost caseS, by insulating layers. In this way, the

proper el ecl8@dhivippwemulitiagrid sireciure. Laes h&¥kbiwhidgs pdfnsopticyé81thdek ashange

for each layer, by wa f mnimazi t .electrical needs of one i ck
s ot e i nt ebetret R seBar Nyl 000 Mns (BEhListte BIRCHmaBRs 8. o
energi ze prapefdatoNVIBABLERRHL alP GELVISEB/phdhd FielBI 840 &kh 4 traglea@uhsh-be
further pointed out in the invention, certain enbodi nents having nultiple

singl e i nt erbiaredicld (@ciegionhd8iQ A phality of sareyateasnangsty 4864 gonpect the
preprogr ammgd. sequens &80‘%r|58¥\%19q§%90%ﬁ]§)3 he ability to focus over a
exanpte; two +0.

range of distances. For ‘singl e interconnect

el ect r o- act [0d64] &tenms utilizihgl théesneatler giiaacters cfoeathe npardal+fieldDB ihat esaerdi at e

focus to al lii%\é\é\fe(r)gd t%a’:- ﬁieqeac%tg)r-z?c%% ?‘ﬁi%kness differential from edge to center of the
partial field specific region when utilizing a single interconnect electro-active
structure can be minimized. This has a very positive role in minimizing the electrical
power needs, as well as number of electro-active layers required, especially for the
single interconnect structure. This is not always the case for the partial field specific
region whereby it utilizes a multi-grid electro-active structure. When utilizing a
single interconnect electro-active structure, in many inventive embodiments, but not
all, multiple single interconnect electro-active structures are layered within or on the
lens so as to allow for multiple electro-active layers creating for example, a total
combined electro-active power of +2.50D. In this inventive example only, five
+0.50D single interconnect layers could be placed one on top of each other separated
only in most cases, by insulating layers. In this way, the proper electrical power can
create the necessary refractive index change for each layer by way of minimizing the

electrical needs of one thick single interconnect layer which in some cases would be

impractical to energize properly.



to see at finger tip distance and then two additional +0.50D single

i nterconnect electro-active layers could be energized to give the +2. COD
presbyopewDhag/oalsiill ity to read as close as 16 inches. |t fooaisds/bs2s
understood that the exact nunber of electro- active layers, as well as the
power of each |ayer, can vary dependi upon the optical design, as well
as the total power needed to cover a gg%cific range of near and

i nternedi ate vision distances for a specific presbyope. [0166] Furthernore,
in certain other inventive enbodi nents, a conbination of either one or
nore single interconnect electro-active |layers are present in the lens in

combi nat OTO]%Sth sﬁlomdll}e' ﬁlﬁﬁérg%o%#t@& bhQndfd inVentin, Gt 8hpbdMRhts HRE agai n,
this gives* one the ability ocusing for a range of internedi ate and
near di st amgesplas singienginteréumnpetopdectiprasgivambayer. dahndiel yeneigizedt Har a

i nventive enbodi nents, only a nﬁl ti- ri?‘ ehﬁc r.lo-e%cti ve structure ds
utilized ePrEPSRRMEdFEayenRe & a %‘?ﬁ-‘ﬂ%ﬁ?' ave EA5APIEY (1 LPCUSRYer 2 FHIEe i - gri d
el ectro- actgye 8t FH¢ bihBple Nt TBISOBL difke WitbRoAndet BREfrb-YciveORy@RTBHld

el ectro-active eyewear c%ni roller, and/or one or nore controller

conponent s bewnergited adrbasingfoot1.001 intbinkddiate farup bz aldovoera 52.0013 esbEeRge of

i nternedi ate and near di sfances. Ql67 0 1< i she -active
| ens bl ank<® tAAEAL aﬂﬁ?rdgmqtiﬁwcpoqndshu;p gg’gonééﬁté?neaf %Wssgﬁng{n%?nﬂltt%é&gg%tge of
the i nvent ie@Rirolaiitdiagesasalid W élesizal Wegentier-eno0ms grésby@d, the paility &l fi el d
el ectro-active refracfive matrix incorporated with the blank, or a full
field el ectreastascloseersrléfinghesi i shordd pe understopd diap Hieaaet MRSt Ohelepank and

embod ment 4ot 95T B EE e BFREL P EAATIIEE TR, ik SeRinchil G013

embodi nent &° e power ectro- e 'fiel ocated over the

entire | engpabd RMigdstswal a8 tho railaguiwes pledddcial coveme spatifin gagewémeahe
entire surface of the |ens_to accommdage one's wor ki ng near vision
focusi ng neaddnterpediaie MisiongHERRACHENASPEHECPESPEM® power fiel d adj usts over

the entire : inSSS ki ; i Mibihgid oftdi@es ane
tinme creat i[gg@r@gp e@?@gﬁz@%%lpi phe#%\%ﬁ%@g%?%%g%%?gi%&/ UISOCI%I 102558e 34

power ef f eatnei or mottesingte irtelocmedi steotro{aotiveatryersbater presemysn the lewsnin of t he

enbodi nent s ntioned above, the.distance power.jis co{rec of
either the CO%%HWE*} M}U?‘i‘xﬁpgieﬂ%&f&rac e pUYYal %P{%r'b nacgl?é?%gb@st %@gs
mul tifocal pEQgt §6isity6r fRiSing Gt fangd BE iRb@RdiAe atd hate difidcedhssuayes
corrects mainly for the working di stance focusing needs. It shoul d be

noted t hi s the proper plogeayemingeFinallp, in jother dnysag¥s pmpodimentsopply a multi-grid
electro-active structure is utilized either in a hybrid or non-hybrid lens. Either way,
the multi-grid electro-active structure in combination with a properly programmed
electro-active eyewear controller, and/or one or more controller components, would
allow for the ability to focus over a broad range of intermediate and near distances.
[0167] Also, semi-finished electro-active lens blanks that would allow for surfacing
are also within the scope of the invention. In this case, either a decentered, centered,
partial field electro-active refractive matrix incorporated with the blank, or a full
field electro-active refractive matrix is incorporated with the blank and then surfaced
to the correct prescription needed.
[0168] In certain embodiments the variable power electro-active field is located over
the entire lens and adjusts as a constant spherical power change over the entire
surface of the lens to accommodate one's working near vision focusing needs. In
other embodiments the variable power field adjusts over the entire lens as a constant

spherical power change while at the same time creating an aspherical peripheral



cases, to utilize either a single vision, multifocal finished |ens optic,
or nmultifocal progressive lens optic for distance spherical power only and
correct rwero3wp®ion wor ki ng power and astigmati sm t hr oughrCrheso3/12528

el ectro-active refractive matrix or utilize either the single vision or

mul tifocal lens optic to correct astigggtisn1only and correct the sphere
power and near vision working power through the electro- active |ayer.

Also, it is possible to utilize a piano, single vision, nmultifocal finished
| ens optic, or progressive nmultifocal Iens optic and correct the distance
sphere and astigmati sm needs by way of the electro-active layer. [0169] It
shou' d be AL et tin! Bifer Wo! Pedull® Gi6AMN fla SFaROME! 1nC QbMECH Qs NeCded,
whet her pri*snati C, spHerlcaI or aspheric power as we as total distance
power needssmbddirderntangatipmderbone ehis datadcapawerpoicotreqiedey wag ofl sitherdhe be

acconplished by way of _ an unber of ditive, power..copponents. These
i ncl lrjrge t hélllﬁlglvilsi%/ﬁ’i%ﬁlt 90%5?@?%11 éensvs]gll%sn %rthg i%ﬁ%‘ﬁ%@fﬁmgﬁﬁsb‘@a}len? ens
optic pr Ovicﬁhﬂag ’[ﬁ%:leléé?ﬁ)-ﬂ:iti%aéiﬁi%alsl%@@f c6RbctP AMBAly RPEHS, weRIRy afstdnbe

di stance sprierical power needs, all “of the astigmatic power needs, sone of
t he asti grebtusiggomeeds.eettsild b¢ hoted thikés mtiabwaysitee pasaek inpesdible, spprme of t he
prismatic power needs, .gr an onbi. nat | of , t.he, abpv n.c j W th
the el ect r d®& ?Q/Etlﬁ%?y%‘ﬁ'fer ] %{]ilg(if) P bs\}?lhénﬁﬁfoc %]Lémgh?dg e&? O\é\ﬁg’u%ri Iﬁgﬂr@%gs.

[0170] It haschesw Wnscaprier e difidicet fpBedl Gower amly wad lcefreachday evisih I i X
allows for the wutilization of adaptive ogti c correction-1like techniques to
mexi ni ze onworking ppwer antrastighatiing thyouglrthe| edeatiopachiye | GEA¢ERs BGUE; Oher

. reoting SBR ahrastigaacs b ¢ | SUIE i
B0 owi g s R 5Pt Hton A Bl lens By RRATRICH AT REMOMTNET ot ve

| ens or | enggiscardt a@j sphetengowdremdnmat aision workify puayr tfrouwghsthe ailedtro-
designed automatic refractor that al nost i.nstantly AR sur?, )

convent i onalCtiaAdaer Alsenit SoPRASIRIG Orilize @rpiang, sigleayision. BHETRFA finied ect any
remaining r . i { 9906 hiic RET/cHS03/ th2 328nc3 B phdre SRAET i Cal |
astigmati C,Eg%gﬁdé;é?ggés%r&é%‘%%T |(2c%t ech%’%’qﬁé1 vvicl | allow forC tﬁe ra/ear er to
achi eve 20/ dfigomtibmnteats by wayof thecleamy-actisedgyer[ 0171] Furthernore, it should

e PO, ol bR S SRS Be ST ber R b Lt 1
bl ank or op}h&mhasprivlatic aphbheul 8 8phehc BEWENS W@ totak@Tsta¥apPY & nebls
Fresnell layer is utilized to provide spherical power and thereby reduce
| ens thic knmgtyangmgowemeés and near point power needs, can be accomplished by way of

any number of additive power components. These include the utilization of a single

vision or finished multifocal lens optic providing all the distance spherical power

needs, some of the distance spherical power needs, all of the astigmatic power

needs, some of the astigmatic power needs, all of the prismatic power needs, some

of the prismatic power needs, or any combination of the above when combined with

the electro-active layer, will provide for one's total focusing needs.

[0170] It has been discovered that the electro-active refractive matrix allows for the

utilization of adaptive optic correction-like techniques to maximize one's vision

through his or her electro-active lenses either prior or after final fabrication. This can

be 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



vision lens optic to correct astigmatism and the el ectro-active refractive
matrix to correct for md and near distance focusing needs. [0172] As

di scussedwalmeweieli n anot her enbodi nent a diffractive opti eCrasey/iiseged
along with the single vision lens optic and the el ectro-active layer. In
this approach the diffractive optic, @ﬁich provi des for additional
focusing correction, further reduces the need for the electric power,
circuitry, and thickness of the electro-active |layer. Once again, the
conmbi nation of any two or nore of the following can be wutilized in an
additive manner to provide the total additive power needed for one's

spectacl e crhRGidiDRsRANRLC, B8 Fiond RS erHeicBinigud /a5 ARY fbP8 wearer to
conventional or non- conventional single vision or nultifocal |ens optic,

di ffracti veadyevie20f Wyarbettaridsior fiemanycases-i ve refractive matrix or |ayers.
Furt hernore j,t.| ossi ble thr h an .etchin rocess to inpart a shape
and or eff e[:qﬁai ﬁg%bﬁr?lpfeaéttsl%\‘?gﬁo w@gﬁgw ﬁhgg/g?C%FﬁWoerﬁkf%@mgﬁﬂg&ﬁf%s-ngﬁti ve
mat eri al SQ?@&Seﬁ ensTagat B 1Rilined alduB with B sl vidiodl @chilbifaat by gutibtd

having a ditfractive or Fresnel conponent. Also, it is possible using the

el ectro- aclengBlapkasops awell e theelesiipypcivmiorar Forrmps: Sepgaeell Iaver al so
DSt PRMlgga LObARkad byl Hose: BEPTSAACRUELE! ] Lol L her

an approxi nate centere
field speci VistoneleaCbptic Actireet heipsnatides agd tler clactradjtivetrafrheivdanatnkeoed
hybrid el ectro-active partial field specific design being approximately 30

p
mm i n di anef@fed forin%ldﬁﬁgélieﬁl‘ESt?Q?eriﬁP?ﬂsiﬁgz‘l?eflﬁg el ectrical power circuitry
needs, bat! piifa} WhelisSbaPRoVE! h Mir dRSEROG TRNMLARLUHIOICARRA and

i nproving optical transparency of the final electro-active spectacle |ens.
[0174] | n oaleng witnthe smgéniisidn ferst gptichad dec elacter-ectiyedaydraln thissdppregebei fi ¢

| ectro- tive, i | t.ed .th t he,.opt i | t f this field i
Pocat ed appls ARG SPucmitch SRS St POt ipewsTaE coeiom Jidhdyi o on
I ens, whil er@fucdshtBe fadErok itife1b@ME PEwMOCRSMIR) Ot RERédJSH0 Bl eleldectfb-actiet he

near morkin? di stance el ectro-active partial field being decentered nasally
or tenpor aldygr.t@nosaagast, ythe ifembinationtof any gwoeet meea et the Fdlowingcar bedi at e

and near- internedi ate far-inter i i i ry. .«
st ance. 1 PHERRR R Bl Bielfbilehnf PEFHSEE Bl Kdad BOOG RUBLL KR her, o ¢
a circul ar ggstaglk duiecisiipslvdrends. Thadel heingpFresiwplaydhednvahfiensedr adre pr oper
el ectro-active visual field area needed for one's_ vision needs. For

exanpl e, t heowEatigfpl corale Waow x| mulideqahdghy gpuic. sEffsctive Rpbisglayer. and

electro-active refractive matrix or layers. Furthermore it is possible through an
etching process to impart a shape and or effect of a diffractive or Fresnel layer into
the electro-active material so as to create a non-hybrid or hybrid electro-active optic
having a diffractive or Fresnel component. Also, it is possible using the electro-
active lens to create not only conventional lens power, but also prismatic power.
[0173] It has also been discovered that utilizing either an approximate 22 mm or a
35 mm diameter round centered hybrid partial field specific electro-active lens
design or an adjustable decentered hybrid electro-active partial field specific design
being approximately 30 mm 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.

[0174] 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 5

mm below the optical center of the single vision lens, while at the same time having



octagonal , partially curved, etc. What is inportant is the proper placenent
of the viewing area for either the hybrid partial field specific designs
or hybri dawbuwBlosdeiel d designs that have the ability to achkcCausopses al
fields as well as non-hybrid full field designs that also have the ability
to achieve partial fields. [0175] In ong6 exenpl ary enbodi ment, such as
shown in FIG 53a, the electro-active one nmay be de-centered vertically
such that a pupil 5310 is at or near the top of near vision zone 5320 when
the lens is worn by a patient. Alens in this configuration may be

advant ageous by requiring only a slight eye or head novenent to viewitens

through t heyzopgr SAIRINNdiSRAnEBYlcBEQYLAR ]?air@iz!ﬂeﬁema@ﬁng péRnRe ahlly Vr
far-internmediate vision correction or both. A patient may al so access near

vi sion for temermddlbyy tov sehisfyt the patéeat'drcogntety nearsta ghar-intesmedigie dedvivar-d eye

Tone may be gl EantGR AL e BT R o O BERE HpRE 1 S

enbodi ment e sivdad desvdiSafpRoaBNen&BERitand d dteiaRdsigh ®uv t6ilebe 220115330,
which may be near- internediate, or far-internediate, are de-centered

nasal |y as 8mowkapedhatzallostedahe prope ilgstro-agiaveatisyal dighd) areagnaedesl fuveaes t he
patient. The. phas I al | r i d tion of
the eye whi ghsﬂglcgéuerd g%ﬁf%@é@gg%y ascgkné\i.d %BY% geac Hglﬁgioa&i %ﬁ{e %l{?g&%asal
de- cent er i ngctagorabopirtiAtyvuraéd, heael GWhhthisSinghogth@ns ehé prdper \pdacemeht ek trpl e

only and may. vary depending on the patiept. [0177], I.n sti]l ot her
exenpl ary eisSanGat 1F cubaydbe axbradt agrtial Seinweabe ouss %Eyb%ﬁéfﬂaﬁeld
el ectro-act 'd¥§%r¥sgﬁﬁ§ha5§%ﬁ)e Qﬁﬁty?é%@hi%ﬁ?’g&ﬁaﬁﬁél&@ﬁ@ fErds HBﬁJEyH&ﬁ Riieablgy and

hori zontally a own in FIG C. exenpl ary enbodi nent nmay provide

access to desgnsithaterlsoduivatle, abalmg té achi¢vetpartrd dickise vi si on wi t hout nuch or
any head or 03/090611 PCT/ 1US03/ 12528 . 37 | t, ile at.the sane
e accountO 31 LLoRE R FREPHTPOL TP A B8 TGk St b RaCTeativhg .
tasks. [0178hneYBlay BeUNMtBXENRIALy QERAHAMNE Phpil 53 B drndat Ghe BBhf Thi s
enbodi nrent denonstrates de-centering the electro-active zones 5320 and

5330 to pl aseat Wiiopuppne 5820 ovhsnt Hiedéens his WOUNKY dfpatipel. nedrlens dp dhiszone

5320 . 10 L A, RSN TR SIROSLR b S 50 e BEEE AR

movenent f otto vieaviteh@s hbjughttbe 2ireesSB0 which happiovide dither pegpiihtermediate, or
far-intermediate vision correction or both. A patient may also access near vision for
reading without a need or only a slight need for downward eye movement.
[0176] In yet another exemplary embodiment, the electro-active zone may be de-
centered horizontally such as shown in FIG. 53b. In this embodiment the near
vision zone 5320 and intermediate vision zone 5330, which may be near-
intermediate, or far-intermediate, are de-centered nasally as shown for a patients’
right eye as viewed looking toward the patient. The nasal de-centering may allow
for a natural inward rotation of the eye which occurs during reading tasks. In this
embodiment the nasal de-centering is about 2mm, although this distance is by way
of example only and may vary depending on the patient.
[0177] In still yet another exemplary embodiment of a de-centered electro-active
zone, the electro-active zones 5320 and 5330 may be de-centered both vertically and

horizontally as shown in FIG. 53c. This exemplary embodiment may provide access

to near-intermediate, and far-intermediate vision without much or any head or eye



such as view ng a conmputer nonitor for exanple. A patient using the |ens of
this enbodinment nay still access the near vision zone for reading through
slight eywoms/09tsend novenent. [0179] It shoul d be appreci CadSohax528 hese
enbodi mrents are by way of exanple only and may be varied for patient
habits or view ng needs for exanple. Chg placenents of the

el ectro-active zones with respect to t patient's pupil are easily
created and fall within the scope of this invention. Likew se, the

el ectro-active zones may be independently de-centered by different
amounts. Likewise it is possible to turn the near zone conpletely off

duri ng_near b piey nmhigé BB ALBHITE BBukASKSrar GG i B
e pup

pl acenent regards to internediate vision is |ess
critical, bdmmgseadlﬂn@taekm re area of zone 5330 and 5320 nmay possess

near-lnterrredl ate or far-internediate ouer, onl.y. er., . odi nent s
where it n7®leYefcoiien pEeTRR) Ay AP OdEEnt Y &Owlﬁr}:&aoég‘?/ ﬂ\lﬁg g%) vi si on
or far- intgn rﬁEE-Q{erEfdé"céﬁt@[h%ﬁﬁ'e‘le%ﬁbf’acﬁv%ﬂe@%w%d’53361&5 I}ilh@cmmpﬁpﬂof t he
pupil within ectro-active zone will need to be caref uié%pchosen

based on t h83l0omsiide thet haymds ofldrecreabeidionarong SB320 gnédapithin zeng eF1yr mance

of the spect 01 | t. has be n dISC ver t hat ive
refractive TEP? qe]%eﬁ[‘tnp??ﬁ}ﬂf’ cfggélgcesf ﬁtneﬁ{)%n “ggﬁt"“g %’[I F Igteeﬁiiﬁg{lltlgﬁ‘gﬁgfﬁ uneven
thi ckness. JhRbutiafly h%&tﬁom@)rea}hbwe@n@ﬂﬁbr Vit objeve diectlpuntlomopfitaypurl, ar e not
paral l el and the gel polyner thickness varies to create a c% ver ent or

di ver gent | eeh ashagieing |a Cqmpyis@piE f?bemlﬁy A petpend usigg-the, .
Ly okNess ol R0 ALY Sifi SLEREHRARAId .kl 8 R B f%ﬁ%&;%ér%?t or in

a hybrid nmot& e vision or opt presents
a W de varh&ldyméfenast. ustabl e lens powers thr ough var| ous conbi nati ons of
these fixed and WO 03/ 090611 PCT/US03/ 12528 . 38 el ectrical acIJ)ll ustlabl e

| enses. | n HO#8I Itshewdbgapprestrd s these cmbodimmisareby way %@E’t ¢ only

el ectro-act 5%/0;3' zﬁ{l %@%dr%é‘at E%t géti&nytﬂabft%% NeRifanaddsetors bA@spI6T eBiiddg a

non- uni form ess o l'ectro-active structure, However, in nost
inventive phbankmenf the dledtrorativalzbnest wigh mspccrt-tg thelpatient's Popderd easily

e AR ek SRSt D, AURS, s DR RAD ckress
possi bi i ti g§hes BmaP HECIABHEndSANYId8-c¥hBicdNby €iiFerof afouBy Dikehdwdadisto a
convergent Ie)(l)sifl;[lé ?0 %ﬁﬁnl ¥h% Illeea? Szotn(e) c((:);n%?e[tglyaof? ydtl)lg'llng rlle(zalrn-fntgr?r'lse%gt)é >z/md far-
intermediate tasks, such that the placement of the pupil with regards to intermediate
vision is less critical, because the entire area of zone 5330 and 5320 may possess
near-intermediate or far-intermediate power only. However, in embodiments where
it may be desirable to have near vision and near-intermediate vision or far-
intermediate vision available simultaneously, the placement of the pupil within the
electro-active zone will need to be carefully chosen based on the considerations
described earlier to maximize the performance of the spectacle.
[0180] It has been discovered that the electro-active refractive matrix in many cases
(but not all) is utilized having an uneven thickness. That is, the metallic and
conductive surrounding layers are not parallel and the gel polymer thickness varies
to create a convergent or divergent lens shape. It is possible to employ such a non-
uniform thickness electro-active refractive matrix in a non-hybrid embodiment or in

a hybrid mode with a single vision or multifocal lens optic. This presents a wide

variety of adjustable lens powers through various combinations of these fixed and



Dependi ng upon the el ectro-active lens material used, the electrical
voltage nmay either increase or reduce the refractive index. Adjusting the
vol t age wpyotos/opwduce t he index of refraction would changecrhsos/iasad | ens
assenbly power to give |less plus power, as shown in the first row of Table
1 for different conbinations of fixed §§ el ectro-active | ens power. |If

adj usting the applied voltage up incredSes the index of refraction of the
el ectro-active lens optic, the final hybrid | ens assenbly power changes as
shown in Table 2 for different conbinations of fixed and el ectro-active

I ens power. It should be noted that, in this enbodiment of the invention,
only a sing E&n?zﬁ{}] KGusrAhd 2Rl ffners%?rfee 1h§erftﬁfgu'eh%dﬁﬁé'n@§stﬁéqesmgle

el ectro-active er. " TABLE 1 S.V. or MF. Electro- Voltage |Index of Final
Hybrid Len smtdremme@pelectro@mtlwereﬁlaemgenmfx atilizes etl%g@dibﬁlySle@catll(gIJﬂ st an c e

Lens Change Vis Po + .- es

Vnas - e s o0B Sl BRT i Sy, Hogi HAdt s antphtye  p ¢

El ectro- Volh&aBmeAEeBuiofotFINahe MuM-Eld leBitsro-decaRs sttt Wdlideye shange
Refractive Assenbly Power (E]stance Lens Change Vision) Power + + - - Mre

Plus + - -struchweswiBrlygreates a unifpeae ghighngsssof the electrwtéfemtrﬁe@rq 0182] A

possi bl e mi@ﬁ%?ﬁi fh?sgra W QesS ﬁIh% o§§{ﬁlﬁ5t1? ahayé)d’nlvgrrggﬁtsg y\’l{lgll € % c#:n one

exanpl e, o= actd ve pol y I on-no
cast, stanpagbemaldd@cth ccﬁivafgeﬂtdelédnfdnwﬂive aeméltorcrqaca a aiynmﬂ lent assamibét. | ens

optic ShapeDe;-)rerL%mg upon the electro-active lens material used, the electrical voltage may
either increase or reduce the refractive index. Adjusting the voltage up to reduce the
index of refraction would change the final lens assembly power to give less plus
power, as shown in the first row of Table 1 for different combinations of fixed and
electro-active lens power. If adjusting the applied voltage up increases the index of
refraction of the electro-active lens optic, the final hybrid lens assembly power
changes as shown in Table 2 for different combinations of fixed and electro-active

lens power. It should be noted that, in this embodiment of the invention, only a

single applied voltage difference is required across the electro-active layer.

TABLE 1
S.V. or M.F. Electro- Voltage Index of Final Hybrid Lens
Lens Optic Active Change | Refractive Assembly Power
(Distance Lens Change
Vision) Power
+ + - - Less Plus
+ - - - More Plus
- + - - More Minus
- - - - Less Minus




thin metallic layer is deposited onto both sides of the injection nolded or
cast polyner gel layer by, for exanple, sputtering or vacuum deposition.

| n anot hewoO oasewspl ary enbodi nent, the deposited thin netalPlCTawsShayzses i s

pl aced on both the lens optic and the other side of the injection-nolded
or cast electro-active material |ayer._,,A conductive |ayer may not be
necessary, but if it is, it my also bégvacuun1 deposited or sputtered onto
the netallic layer. [0183] Unlike conventional bifocal, nultifocal or
progressive | enses where the near vision power segnents need to be
positioned differently for different multifocal designs the invention can
al ways be placed in one commopn |ocation. For unlike different static power
zones ut|I|zed by t he conventlonal qﬂgﬁﬂg , mhere the eye nmoves and the
head tllto tH oE h—zone tLUHC e o :an 1t rartows one
to either Mgg E"éi’d( Fﬂéé" " dr_down “?%ng Wire

el ectro- act |Id%n gtey | | adiy[{fg‘t"@ W8 |cor r%ﬁamlb PYWE necpssary
near morklngﬂﬁﬁﬁﬂwﬁce Tﬁﬁgs reduces eyp #H@mgﬁe and head and eye
novement s.| FuMisi@mnor ¢, R#eer one needs o 1 ook tio the distance the
adj ust abl ¢ el ectr 0-ac ive-wefractive mat ri x_adj ustMoteoPluhe correct power
needed to [cl earky see|the distant object. In nost|lcas®us this would | cause
t he el ectrio-acti.ve adjustabl e near workj ng di st anlcieeskMihgs t 0 become pf
pi ano power, thus converting or aqjust ng the Nyt PliA&t F0- actve| | ens
back to a 'distanceWO-03/096611PCT/USO3r 1252840 vrstom correctiom | ens
or low power nmultifocal progressive |lens correcting distance power.
However, this is not always the case. [0184] In sone cases it may be
advant ageous to reduce the thickness of the single vision lens optic. For
exanpl e, the central thickness of a plus Iens, or the edge thickness of a
m nus | ens, [0382] b@osfébllﬁcm!luwmmﬂ PEpCesHIfE saghpt bmn%@%erablgtfaﬂ%s Iy gper

t th ly t
FoTPene oL i, (e REH GAE ptfipRe) HALTRLE LRYRE TR apil ARy (o 8
all cases ofta@ Fem;) ﬁtachﬁlbdlcﬁarﬁblﬁbtﬁlr&damdlmq)cﬁlpbm acd end:tdms opltio 3B&de. Thee

again, it should be pointed out that the ad & Ble el ectrogﬁgtlve
refractive Wt rllieialh‘éé%‘/eﬁdﬁ demosdted P05 hod & e, IREGH e Jrolied aCh RSt coul d

cover the a§ Lk ggll pgke By,' gdfro&a %ﬁftérﬂ%ﬁbr Iv@&ﬁm?@%b&sahdﬁ"@h eMBlhepi Z€

area or shape“is fequrre elt exact overal si ze, shape,
and | ocat i ogxeniplirpendodohent.- the tdsapcsﬁed thin metallic layer is placed on both the lens

optic and the other side of the injection-molded or cast electro-active material layer.
A conductive layer may not be necessary, but if it is, it may also be vacuum
deposited or sputtered onto the metallic layer.

[0183] Unlike conventional bifocal, multifocal or progressive lenses where the near
vision power segments need to be positioned differently for different multifocal
designs the invention can always be placed in one common location. For unlike
different static power zones utilized by the conventional approach, where the eye
moves and the head tilts to utilize such zone or zones, the present invention allows
one to either look straight ahead or slightly up or down, and the entire electro-active
partial or full field adjusts to correct for the necessary near working distance. This
reduces eye fatigue and head and eye movements. Furthermore, when one needs to
look to the distance the adjustable electro-active refractive matrix adjusts to the
correct power needed to clearly see the distant object. In most cases, this would
cause the electro-active adjustable near working distance field to become of piano

power, thus converting or adjusting the hybrid electro-active lens back to a distance



refractive matrix is constrained only due to perfornmance and aestheti cs.
[0186] It has al so been discovered and is part of the invention that by
utilizi ngwohe/osnpper front convex and back concave curve®Cafusosre2ses ngl e
vision or nultifocal lens blank or optic it is possible to further reduce
the conplexity of electronics needed Iugr the invention. By way of properly
sel ecting the front convex base curves™of the single vision or nultifocal

| ens blank or optic it is possible to minimze the nunber of connecting

el ectrodes needed to activate the electro-active layer. In sone

enbodi nents, only two el ectrodes are required as the entire electro-active
field area _.l. . 1S VATORE il ; Thi s
occurs due \4[1%31% Egﬂrc %ﬁggﬁ%?ﬂp gﬁ'oacti vehlfdr%gleglloggs %1%/?1’4@3%?%‘&?%@%@%@%&6

mat eri al , whiveh Howeategshis depetntivayg thpparset he pl acement of the el ectro-active
| ayer, a different power front, back, or mddle el ectro-actiye |ayer. Thus
t he appropr[p?ﬁ‘ﬁ In SQRpaSClt mAY A %fﬁ’é’“' By tp H%A“FF’(S}WE ﬁ%ﬂﬁ‘eﬁa‘%ﬂﬁﬁﬁﬁ\%‘% of
each | ayer diél&'hliﬁr{lﬁgﬁict R RERHRI ROVEHraP dhibRiFBRE Oplut Nenselopths ed@st i ve
hybrid or non-hybrid lens. In nost, but not all, hybrid designs especially
t hose not uhickness g @ ndids feast ¢anebo redBced hgl wax ofsome rappiapriate digjsnee ant

that the electro-active refractiyve tri s,.not -have i 0 back

curves par G COPPERFAHOL I tE"f‘lS egtir?_'-aggve\ﬂdiqsga?ﬁ%lray%if llsf‘%%da(ﬁ g%pelﬁnh? ??Hlisg‘hed VO
03/ 090611 RiTA biSARAd? BdBficld hybti@Blec®6-astiviipectitis 1@R @fin Blllchics @€ alnohi ni shed
l ens blank it is attached to. One exception to this is a hybrid design

utilizing ahypuitelecgpiagtive snestegledenst 0188] It shoul d be pointed out that one
embodi ment O@;ﬁﬂ;%%cegxfi%&hditegﬁoﬁc{ Orfeaﬁ&i:r&/eﬂ Ol!'lte thrat U[% L%dids@%}i%ﬁ%%tr&lﬁ@ﬁvé full

field appr ni mum of two" el ect rodes. ments utilize
a mul ti-griefretibet hariacddey @of Riveaot beviecared in ¥ laypsdoaed btitocaddaver thhe

el ectro-active refractive matrix _which case nultiple el ectrodes and

el ectrical °¢ig sigeleryisign of _“b‘éﬁfP%ﬂd?ffseQP.ﬁC_\/\)‘( AfeliEr §14S ATy OLSHARF £ tegPired _
el ectro-act iy &ﬁ%{rrcﬂfgggh%’ exakt B3&a11PERN HhSComRr fidatifiAbr fRE ddegobRubglari es

of the grids t een electrically ~activated to be cosnetically
accept abl e rfefrastileymatnixiisédnsedined onlysiye bepavérawsen andtagsthplicsduce a refracti ve

i ndex diffe i al. be en adj acen ids of. zero to 0,,02.uni.t.s. of
refractive llroﬁggxﬁ‘&’ia? P%&E’ﬁ%&s%%‘ﬁé%?%sﬁgndctﬁg ﬁ‘é‘{eflﬁoﬁgﬁgﬁ&s}l,uh%]ﬁé t}rl%mge of
refractive jngaxrélitfcbaiandndalack eohchvdeuive®oT theQind® vRdiddorumultifocaf lens
refractive index differential but in nmost inventive enmbodi nents the

di ff er ence blank priptigiit ippossille & further reduce the complexity of electronics needed

for the invention. By way of properly selecting the front convex base curves of the
single vision or multifocal lens blank or optic it is possible to minimize the number
of connecting electrodes needed to activate the electro-active layer. In some
embodiments, only two electrodes are required as the entire electro-active field area
is adjusted by a set amount of electrical power.

[0187] This occurs due to the change of refractive index of the electro-active
material, which creates, depending upon the placement of the electro-active layer, a
different power front, back, or middle electro-active layer. Thus the appropriate
curvature relationship of the front and back curves of each layer influences the
needed power adjustment of the electro-active hybrid or non-hybrid lens. In most,
but not all, hybrid designs especially those not utilizing a diffractive or Fresnel
component it is important that the electro-active refractive matrix does not have its

front & back curves parallel to that of the single vision or multifocal semifinished



controller to a maxi mumof 0.02 or 0.03 units of refractive index

di fference between adjacent areas. [0189] It is also possible to utilize
one or nOWe oalogwtir o- active | ayers having different el ect PCTAISDE/ V2528
structures such as a single-interconnect structure and/or a nulti-grid
structure, which can react as needed oqﬁe energi zed to create the desired
additive end focusing power. For exanple only, one could correct for

di stance power of a full field by way of the anterior (electro-active

| ayer, distal with respect to the wearer's eyes) and utilize the posterior
(i.e. proximal) electro-active refractive matrix to focus for near vision

range utiligipg & ﬁﬁél&'\ﬁhoﬁl&f' Hmﬁﬁ@&dlfﬁrﬁs&ﬁpfeﬂﬁﬁaﬂ@ﬂe{saﬁt%ﬁh&i/ t5hene
posterior layer. It should becone readily apparent that utilizing this

mul ti el ect exsepaer fovbisrigd hprid deélgmxtﬂlzmgaqapubagmd giicudtural | ow for increased

compl oxi ty” OB SSRGS euf 5t oo SRy o F L SalR e o 1 or

sequenci ng feheuiifglhy idds 8lanlaaViBFRld fHpasachyab a3SiniBhe dfawonRiBlde Otiegm al |
at one tine, to generate a sinultaneous variable additive focusing power

ef fect. Thi embedimspisaitilize agnwg-gsic deatraagiive defsacsiqn qealrik APRrop¢tntd creaipsed

sequence, a i on

range WO 03%9%%%% %d%@ét%S%& %ﬂggc%agfg h@”ﬁ edglg&goc%ﬁgdnﬁ ois Jfa%clom far
to near andciidugtiny o1k dt eeduired ) When sidligihf achuldisgrihélecttoadtizefstratmung arhaso far.
[0190] The pulti_. electro-active refractive matrix approach also allows for

faster el eB3Podigeqveled that i Hig Prwedrrisseeh diss arids that bane Depy slisticalltie to a
conbi nati on, t t rij,al

t hi ckness négﬁgﬁh?%”&éigﬁgﬁﬁﬂggr oP&ﬁﬁﬂﬁﬁgH?§g¥§%&gcﬁﬂsgﬁB%;%?%%&?ghs.

Al so, bec aupmdacma,ltetfracmeemﬂwodﬁﬁerﬂnmd bateéeraatjaceet grdsrafzeal fod@2 dots dfr eaki ng
up the conp YVF ctro-active refratlvemarixint two or
more | ess c@ﬁﬁ??té |W3ﬂxv ‘?nclea SOGRE HPORy SOSTRYS dpgands, theggnge o

i ndi vi dual | yriban tfiex Ebehial @Rid 8 rih el 8Yel05 LA&93] rafheniolddew ng
describes the materials and construction of the electro-active lens, its

el ect L i cal differangiabbytdny mqsymvcmte/eeelné@ﬂrm@m th@ciﬁeresmsdlémtetdhby vlapof pi CS'
sw tching t echngug, a%%&éﬁ‘%%gﬁﬂ gf g%% fgﬁé of Pe‘h% ubeei?l%% df%f’éré‘n% egHan

obj ect distance rangin perspective vie

exenpl ary endjactntedehs.of an el ectro-
[0189] 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
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 refractive matrix to focus
for near vision range utilizing a partial field specific approach generated by the
posterior layer. It should become readily apparent that utilizing this multi electro-
active refractive matrix approach will allow for increased flexibility while keeping
the layers extremely thin and reducing the complexity of each individual layer.
Furthermore, this approach allows for sequencing the individual layers in as much as
one can energize them all at one time, to generate a simultaneous variable additive

focusing power effect. This variable focusing effect can be produced in a time

lapsed sequence, so as to correct for mid-range focusing needs and near vision range



active refractive matri x 1900. Attached to both sides of an electro-active
material 1910 are netallic layers 1920. Attached to the opposite side of
each net aWwbios/obwyer 1920 are conductive |ayers 1930. [ O01®8JI/UBa&12528

el ectro-active refractive matri x di scussed above is a multilayer
construction consisting of either a polymer gel or liquid crystal as the
el ectro-active material. However, in rtain inventive cases both a

pol ymer gel electro-active refractive matrix and a liquid crystal

el ectro-active refractive matrix are utilized wthin the same |ens. For
exanple: the liquid crystal layer may be utilized to create an electronic

tint or sungl as ect an tBY DRl dife-Z2 80010 add
or subtracgtlg,%l Y rngg%ozf%k?n %@%gﬁﬁmmf){ggf”gﬁ ﬂ}e?%qéﬁﬁgad crfstél has the property
that its ogdkisGadm hewdexfapf refraction can be changed by an applied electric

voltage. The electro-active material .is covered by two nearly transparent
net al Igi c | 490 Thg @P]tﬂhélPICt\rl%'F‘?}E’,e ’&EEF&C%‘I’GCHWH{I%?PWBE‘%%? qﬁllé)wde%’f)sfflst%%rdpon

each net al |} &}, a¥ele f(iguﬁléggbgf@r £906hse $InRC tihi CRIppeANNRCHo! LEorhsInktser | ayers.
When a voltage is applie cross the two conductive layers, an electric

field i s creabedohebamentht redued dledtrosagtive tihafeddlebickoessargcido® fameedh al |

changing the refractive index. lLn no casgs., the liquid. Cr 1 din W
03/ 090611 _E@FF (0B STastrO st e, Y LRy Py o e R L S A
encapsul at i gg, §RYhARL MAbwa fERbREkIAL upStk &ohPllxitysh & hlastepBRStro-active

pol ynet hacryl ate, styrene, proline, ceramc, glass, nylon, nylar and

gl, ,
ot hers. [ OTeijctive@atoiite two pemoprless vamplpewdsTidush laygboniigh Ate askedp
el ectro-actjve l.ens., 2000 havi i - Q] ructure. Lens 2000 incl udes
an el ect ro-dz?ﬁ’ﬁs\}g&mgﬁ% gﬁm%@%@h%%@éaﬁ% ﬂayg%ms enbodi ments, define a
plurality qbh1eixelestolleRiy d@sciibys ahe aareriabearsiegasanadnbyf the ekteoiaativthavi ng

electrical insulating properties. Thus, electro- active materi I}I 20&0 can
define a nuetseritofeleshjcak exifing ofiEdirpaty slsHECHoRPRPHSAECC o GISCHSA

pi xels. [0 t 0 | i efJch0 126 UGjuBRicRE, Ald BRI s a
metallic | ;S%Jr(:h%z%,%ﬁﬁ%%’c Y aséar (glrll Bl i=gérrr ay of F%ret algjlui c elect rodjcjaeg 2030
separ at ed hiistandembegingl (not shown) having el ectrical insulating

ties. Attached to th ite sid t.shown). of tfo-acti
acort al - 20U8SHEI dgrita PeRRERY visenol daicsaplary parnayap ShEEEINRG " each

el ectro- act j¥Ge RiARtive SndiBt 4066l ARache@ab ot sigbe6ft hOERSrdA3vd Material
1910 are metallic layers 1920. Attached to the opposite side of each metallic layer
1920 are conductive layers 1930.
[0193] The electro-active refractive matrix discussed above is a multilayer
construction consisting of either a polymer gel or liquid crystal as the electro-active
material. However, in certain inventive cases both a polymer gel electro-active
refractive matrix and a liquid crystal electro-active refractive matrix are utilized
within the same lens. For example: the liquid crystal layer may be utilized to create
an electronic tint or sunglass effect and the polymer gel layer may be utilized to add
or subtract power. Both the polymer gel and liquid crystal has the property that its
optical index of refraction can be changed by an applied electric voltage. The
electro-active material is covered by two nearly transparent metallic layers on either
side, and a conductive layer is deposited on each metallic layer to provide good
electrical connection to these layers. When a voltage is applied across the two
conductive layers, an electric field is created between them and through the electro-

active material, changing the refractive index. In most cases, the liquid crystal and in



define a grid elenment pair. [0196] Attached to netallic |ayer 2020 is a
conductive | ayer 2040 having a plurality of interconnect vias 2050 each
separ at edwbys@oeeat eri al (not shown) having el ectrical i n®aratSosRs28
properties. Each interconnect via 2050 electrically couples one grid

el ement pair to a power supply and/or ntroller. In an alternative

enbodi nent, sone and/or all of interconnect vias 2050 can connect nore
than one grid elenent pair to a power supply and/or controller. [0197] It
shoul d be noted that in sone enbodi ments, netallic |ayer 2020 is
elimnated. In other enbodinents, netallic |ayer 2020 is replaced by an

al ignment  Jayelased BE98HIs hit FGIERIR o PARAL NSRS FRBbSe 0hG Haitfal
(distal) surtface, Internediate surface, and/or back surface can be made of
a materi al sehredi ffomgilkconos)viedymethadrylatsh styverte; pnelitiec cerampe nglags, nYlons

phot ochromatic co nent may or nmay not be utilized with an electronic

pr oduced ti%YW@?ﬁi%ﬁ%tsassoci ated as part of the electro- active lens. In
the event t[odq] tid. Q0Ukid p&Ssbctile Wi &f Rh hidRidAéht asftnt elerd-héttvel Bndl
conplinmentary manner. It should be pointed out, however, in_many inventive
WO 03/ 0906 12000CEYiug03 ndt28id stmcawdodinyef0d inpladgshen eleriromeivemeteralial i s
used sol el y,w.th the .el ectrosactive | A t I ronic 4i
component . G BHGHBR O R o PR of Bkl B o fich i

el ect r o- actpevegafidéd bayemabianvayvial dlédritayiasulangppoptitiesn Thusadikedol ater to
the electro-active refractive matrix or added as part of an outer. |ayer

ei ther on taséive merial @019 san geline amumber phadjacopy; Zeesy fRFAEZONE (rentalning

el ectro-actjve | f the invention can be hard-coated front, back, or
both can beéngooétngégg&nﬁieﬁs' an anti-reflection coating as desired. [0199] This
const ruct i do1P3] Arfdched edohosids obelsctho-adbembityrid k@10 tis ¢ artdlc Blyec2020cal | y

t lled to t i.th i ti h , t.i ti
pover . cor rERichdRs mapReriay dolpialic icties 930 RPHARICH PIBRFEH GF t he
wear er . Fur§h§§ffn?‘?1ra€ing dOriSHRRRIAMR! Mrop@fieCAGRAED @b IR oppbsitt Wide tdvat of a

Fresnel | or ractirve surface. [In one enbodinment, if nore than one type
of correctishowing ofieddtd-activio nuteriab281€ uba sysueamiallysidentivabastallie 68 ed,

Sobar ot o D g - L R B DD b5y ey e
define a grid element pair.
[0196] 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
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 connect more than one grid element
pair to a power supply and/or controller.
[0197] It should be noted that in some embodiments, metallic layer 2020 is
eliminated. In other embodiments, metallic layer 2020 is replaced by an alignment
layer.
[0198] In certain inventive embodiments the front (distal) surface, intermediate
surface, and/or back surface can be made of a material comprising a conventional
photochromatic component. This photochromatic component may or may not be
utilized with an electronic produced tint feature associated as part of the electro-
active lens. In the event that it is utilized it would provide an additive tint in a

complimentary manner. It should be pointed out, however, in many inventive



sanme subassenbly is utilized to create nmultiple power corrections. Either
of the two sub-assenbly enbodi nents just discussed can be made of two

di fferentwetosmetour es. This first structural enbodi ment alpiCovssos/ises each of
the | ayers, the electro-active |ayer, conductor, and netal, are
contiguous, that is, continuous |ayers material, thus formng a

singl e-interconnect structure. The second structural enbodi nent (as shown
in FIG 20) utilizes netallic layers in the formof a grid or array, wth
each sub-array area electrically insulated fromits neighbors. In this
enbodi mrent showing a nmulti-grid electro-active structure, the conductive

| ayers are einbbéitheh® thé pHbtEchroman@ iteiablsaskd kaldly Wt RISt active Wrsodes t o
each sub-array or grid elenment. In this nmanner, separate and di stinct

vol t ages nayitgeutantleeepnic iyscomneapntydhel photephsamapa materiah cah be inpjeded
creating regj i i f t I ro-active
materi al | agler : a‘?ﬁgo géetwgiqfngsn%?’érg:gg‘%ﬁgf fhﬁéﬁgicﬁ’%@f’%{g‘e’é %fﬁ(?(%eglﬁlétgg,to dex of
refraction, eleviob-betpesefraaihdidatie oeladddd - met ofvan cmércihyal sSthet aiy e fBédtuct ur e,

nunber of |ayers or onponent s, arrangenment of |ayers or. conponents,
curvature oPyg‘ﬁi’Hd? %&/@‘F‘ lepsaf therapiep s strcorastiye lenses o theni@vesptancan beesi gner

to decide. WQ4Q36308d0% Bkl 'dpbdtil 2af e c%étehqgi%)]anl%?éi%ﬁ&t&nb@oaﬂﬁgeaq t hat

either the nulti-grid el ectfo-active structure or t st ngl'e 1 nt8rconnect
el ectro-act dessredt ructures can be utilized as either a partial lens field

full I ield. ver, tial field specific electro-acti
Cet racti ve {199 TEisconpioRds iAo ok sulesstbbl wif Foondt iy [l
having a cleaRlikd @t elRhRgeifRl rAGhi¥ati Wr,a§pﬁepé‘?)o@lfer,tKﬁi[gﬁﬁﬁyﬁ’ciwécri el d

specific electro-active non-activated l'ayer (the fram'ng layer) is
utilized | acemestioy, asgherieenrachorrm abepaiian eurectipnni theevenaen Fafthdrineie)

specific el gctro- jve.region n . insul.ator. This.is ne.to nhance
the cosneti glensél %Sr%(gﬁl%]fy Pheve gté%’)l)r{%d?tgcrfuln\]/l% t}rag r?i aguesigl) 051‘1%%8%%‘{6@“11%3%

appear ance of ond@niesitimee:, Hl o6k tigenGdel tyge 6Rfdractiby & 1BBEdd, ¥wappPamré fh-as one,
in the wunactivated state. Also, it should be pointed out that in certain
embodi nent s asserplies; erbagukiapesed; sensrated Ry rinepleeiticdlyadasuiasingderari dhe [ 0201]
The pol yner: i - \W+d ety

el ectro- ac%@%ﬁ%%#&ef%hgﬁtﬁe ?ém tlg/%de(gfs%{ﬁéddlg/o %’%}@%\e]?g %S{I%E %Pwéaﬁ?ntrtmh@gt i on.
Such el ect r eamae $ubassembdy isnedizediteecieatt sndtigle welvker koreavtioasn Eithenukiheitwbl y

avai | abl e. u anl eé]t of 1:[)0 LS r’r&tser ils%lllssieg%!arllj grrllzid%ucjf(%w%r&{fcffgglnt Et(r)ulc ur’;gr.s such

as pol yest ef” %‘FW VHER® IHHBFV&M g4 s
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 FIG. 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
a multi-grid electro-active structure, the conductive layers are etched to provide
separate electrical contacts or electrodes to each sub-array or grid element. In this
manner, separate and distinct voltages may be applied across each grid element pair
in the layer, creating regions of different index of refraction in the electro-active
material layer. The details of design, including layer thickness, index of refraction,
voltages, candidate electro-active materials, layer structure, number of layers or

components, arrangement of layers or components, curvature of each layer and/or

components is left for the optical designer to decide.



(PCB) penta cyano bi phenyl and others. Polyner gels may al so contain a
thernoset nmatrix material to enhance the processability of the gel,

i nprove iWO adhwsi on to the encapsul ati ng conductive | ay@C3/usantsespr ove
the optical clarity of the gel. By way of exanples only this matrix may be
a cross-linked acrylate, nethacrylate, ,_polyurethane, a vinyl polyner
cross-linked with a difunctional or ﬂ%l functional acrylate, nethacrylate
or vinyl derivative. [0202] The thickness of the gel |ayer can be, for
exanpl e, between about 3 microns to about 100 microns, but nay be as thick
as one mllineter, or as another exanple, between about 4 mcrons to about

20 m crons. (ﬁﬂ I??lllo @%%rrg)géf'tﬂﬁﬁ\égh& tﬁQ%ﬂlH%rﬂif electf@ﬁctﬁ%aémkﬁlre apesd 100

pounds per out ounds per 1nch, or as another exanple, 200
to 600 poumﬁisglqaﬁttemmm;:t a‘leetrmm(:ta\tel stmchugeecanclam utibizesl 25 eilties lenpasialdens f or
exanpl e, about 10- cro about 1 m cr.o her exarrpl e,
from abouthigld @1y %@1131 E‘Flﬁﬁg{?‘ﬁev&&oﬂ’ ey 3 pyrt g?@‘ﬁfﬁc s epﬁ?h Ai¥Guct i ve
layer can f}gﬁﬁctw@ LG Re S8l ih FhoS @5 &n 8t dEciiVedtedihl Qaﬁﬁﬁm crons
to about O m crons, and WO 03/090611 PCT/ US03/ 12528 46 as anot

exanpl e, f radoseBbmatchiggrefiiactiniades as Bt of thel parfiplcfield specifig elpstrpectiveinot her

exanpl e, about 0 203 Vi vi de
good cont ac‘}“ﬁé’g&’é%ﬂ]lacyﬁéaﬁ%ﬁ%ﬂ’d’?g i}ié(ert)] Il%&té%zegr%%it%iahg 38 aCé r@%‘g |p\%é£%rcgt erial .
Those ski |l | gghitRe pRGapFibldWpbeifit %aaétrbaacﬁe@fe@mrmy aft Imumm CI]htsl iatdeneres al
materials that could be used. For exa one coul d use or silver.

[0204] In oﬁnléalambtml pesimetict patuieepk et g@é“‘i’ﬁ%fé‘i@ bms t e “@Ye(%f #‘861%{?:% ithe
mat er i al ik of Ho SHACRRpORHVE ERRO0U ok AiPldih2RoRD G - 2

units, and e T h exanple ween out ts and about 1.75
units, wt mﬁabteva@éiﬁﬁlg& iAlsd, ridlexoudd be reinted bivothadin atrtdieastbodindéhtyrthe s per
volt. The rate of changf in the index with voltage, the actual index of
refracti on GEMinEdaNSt &xira A IPHE- Mivematgrialang i ts conpatibility with the

matrix mat e[:%zai]l ! Oﬂdﬁﬁ&%ﬁﬂeﬁﬁl éah%er?)%cw%&é AEetF OFPISinksOheRé tHehoctloect 1 o-

active poly matri x, but should result”in a change of index of
refraction afive chestitiemsilis atdeeod SO oy weighh of thesformhlation. Yrhgote-gséive vol t  at

o, Dase ol e ol 2ol o2, Sl RhbBn SRR B oy 4SS S
material include liquid crystal polymers such as polyester, polyether, polyarmde,
(PCB) penta cyano biphenyl and others. Polymer gels may also contain a thermoset
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 examples 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.

[0202] The thickness of the gel layer can be, for example, between about 3 microns
to about 100 microns, but may be as thick as one millimeter, or as another example,
between about 4 microns to about 20 microns. The gel layer can have a modulus of,
for example, about 100 pounds per inch to about 800 pounds per inch, or as another
example, 200 to 600 pounds per inch. The metallic layer can have a thickness of, for
example, about 10 microns to about 10" microns, and as another example, from
about 0.8 x 10” microns to about 1.2 x 10” microns. The conductive layer can have

a thickness of, for example, on the order of 0.05 microns to about 0.2 microns, and



design, the sections of the electro-active refractive matrix assenbly are
attached to a conventional lens optic with an appropri ate adhesive or
bondi ng twohniogpsel whi ch is transparent to visible |ight. PChiGSobmsas ng
assenbly can be by way of release paper or filmhaving the electro-active
refractive matri x pre-assenbl ed and att@ched ready for bonding to the
conventional lens optic. It could be produced and applied to the awaiting
| ens 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 awaiting

l ens optic. It <could be applied to a sem -finished | ens blank which is
later surfaged,stheBefsb1 Ofrond Qﬁo@m RRELRE Go Sdb%ﬁt 03D2RErEss, Wall | asagett he
appropriate total power needs. Finally, it could be casted onto a

pref or med | emshegxpmplet abquzﬂdgnmrfsaceCastl ng techni ques. This creates the
el ectricall ifiabl t.he inwv lectro-acti

efract|ve NS o Pl THGF i hsif Bt s 80 o SRS BeiSpitdiveor ¢
[0206] The iReesndihe@ddtidciction nokerldeTi®se ckilled &€ tHeVat baly @8alilG decdafize
correctly altered only for the area needed to focus. For exanple, in the
hybrid part fhel appiasrigtegaeiahmatnnalb3hgoostibenayi JSy3xamples ong gould ass geldl y

di scussed, E’ﬁlﬁ rt| al field area would be activated and altered within
this area. erefore in this enbodi ment the index of refraction is
altered in (0E0M] &n osPpembbdigneparthe adfracage imieqfoftthe eleets-active AariiAEmay
enbodi nment, that of a hybrid ful] field _design, the index of refraction is
al tered acr 839, {Mecxinle.cbeWEem akoutS £iynifs | apd ‘%t}ﬁ’ét 1i% yas gdy ast fagdhsTon i s

al tered acreﬁaﬁnsﬁlgeoem ra%oﬁ{f—‘ﬁs'uﬂ &mfdmraf g%ruhﬂs def 81 chAlee i infeitSsied

earlier, een scover ed th In order to malntain an acceptable
optical cos mftacnompfmdcanﬁﬁzmmﬁs pafvoﬁc“d?he/mm oftehangk inftbe ek alithbeldtagean

adj acent areas of .a ctro-.acti.v tic shoul d be ted to maxi mum
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0.02 units GRHOAHOIndthk nSaterid) FAM] detdrminfe ﬁ@‘ﬁe?deﬁﬁ@@' cWhpbéifoh BE tHehvestd-on t hat
in some cases the user would utilize a partial field and then want to

switch the e¢te@t90byra@tmmeth¢ gfafrag thutghopkk result ing changg of inflgxepigeirh¢tionifs case,
the enbodi %V%f%é{qﬁpgseltlgr? %F gnqgssstb%nuﬁ E)E C}L ¥)e1r 9(51 %t L;ﬁaie Ilcgl%tgg of Abou Ocdl ment ;

however, th G I WO ram*re or sw tchi ng

power needszfsrmfsmfntblgrefat!eﬁﬂﬁntZG valtpartial field and back again or VI ce
ver sa. [0208 In order. tq create the electric field necessary tao stinulate
the el ect r ol®%05] ¢ prewgusly viscussgd Wwish dhe inyeptdes epbedimeniontilizade adwbrs! | es.

This is pr Oiﬁés‘?gxﬁ' 1Y seRHBEN §i5nOLlectro-active refractive matrix 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 refractive matrix pre-assembled and attached ready for
bonding to the conventional lens optic. It could be produced and applied to the
awaiting lens 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 awaiting lens optic. It
could be applied to a semi-finished lens blank which is later surfaced or edged for
the appropriate size, shape as well as the appropriate total power needs. Finally, it
could be casted onto a preformed lens optic utilizing SurfaceCasting techniques.
This creates the electrically modifiable power of the invention. The electro-active
refractive matrix may occupy the entire lens area or only a portion of it.

[0206] 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



smal | diameter wires, which are contained in the edges of the franes of the
spectacles. The wires run froma power source described belowinto the an
el ectro- wotmmeoseyewear controller, and/ or one or nore comCTAlSO®L2528
conponents, and to the frame edge surroundi ng each spectacle | ens, where
state-of-the-art w re bondi ng techniqﬂss used in sem conduct or
manufacturing link the wires to each grird elenent in the optical assenbly.
In the single wire interconnect structured enbodi nent, mneaning one wire
per conductive |layer, only one voltage per spectacle lens is required and
only two wires would be necessary for each |lens. The voltage would be

applied to i . Hle.i :ng,;si de of
R T g
al t er nat i ngarear TisnéfofeAGh thisoémbgdimeest thepindexi ofiaeadioopisoddienggl oondiycai ve

| ayers. These two connectio re _easil de.at or near. the e edge of
each spect atpeeificggial F@@@Ppﬁ’lﬁalﬁn i @051?%5@’;9&%}% é@te%taq lgylﬁgde%ﬁlafg@h grid
sub-area i n%éskg%, Whd Sick SofadAhesTER alWiddadoll fel difite \LRIERISImARNY, Gaaduct ors
connect each wre lead in the frame to a grid WO 03/090611 PCT/ S03/ 12528

48 el ement index loé réfoangion An aboredcadrdsy the gnérsarieatin domaoehybigd Wesigni A8 such

as indium oxide, tin oxjde, .or i.ndiumtin, oxide ([TO). e us o form
t he conduct gl\%lsi;%%"?rﬂerofl{ ?‘Pigé bgfme gfs?%‘[eé%cﬁ p\% Y §(§er§btf)ym @% alg 0% 2%’1% 0
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el ectro-active lens. This nethod can be used regardl ess of whether the

el ect r o- act pRan eleasro-aniivapipde shopdd bpltimited tepgaxEaus et G 020H1 t 095 it n of

it. [0210] t. i_que e V: i ion in the

mi i grid elptediter QRARAHERRInPOTAA% BOSTAL PN L0

el ect r 0- act j0207Rticenasion@bwhhinithdinvigion thawin spake case titr vser wguldl widizeodes to

establish the electric field across, thgjén‘i ni -vol une. . Another tec ungue for
r

achi evi ng pi pertial figkd ylethep gyan (o, ayiteh jterl?ﬁﬁré’éaqiéf? r?fﬁaé?tlv‘éé’i‘?&%_tt? ¢
metal lic | aygp, rgpRue, Dtﬁééagﬁ&hﬁkﬁta%ulhl 8@ el seabiuyally! for bRl M@Y. the

el ectro-active material can be contained in a contiguous volune, and the
regi ons of embédimeanthoslerer thecconirellet wowdthermogiammyidxiel aloivofer awachisgi ned

eI oY o e R SRR O PR B AR e el B G SAR , DOL ©
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smal |, hence, the tenples of the franes are designed to_allow for the

i nsertion 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
techniques used in semiconductor manufacturing link the wires to each grid element
in the optical assembly. In the single wire interconnect structured embodiment,
meaning one wire per conductive layer, only one voltage per spectacle lens is
required and only two wires would be necessary for each lens. The voltage would be
applied to one conductive layer, while its partner on the opposing side of the gel
layer is held at ground potential. In another embodiment, an alternating current (AC)
voltage is applied across opposing conductive layers. These two connections are
easily made at or near the frame edge of each spectacle lens.

[0209] If a grid array of voltages is used, each grid sub-area in the array is addressed

with a distinct voltage, and conductors connect each wire lead in the frame to a grid



and extraction of miniature bulk batteries which provide this power. The
batteries are connected to the wire bundles through a nultipl exing
connect i owoaBmgoeeont ai ned in the frame tenples. |In anot hecTarsbydiseent ,
conformal thin filmbatteries are attached to the surface of the frane
tenples with an adhesive that allows themto be renpoved and repl aced when
their charge is dissipated. An alternail ve would be to provide an AC
adapter with an attachment to the frame-nounted batteries to allowin situ
charging of either the bulk or conformal thin-filmbatteries when not in
use. [0212] An alternate energy source is also possible whereby a mniature
fuel cell L uded i ; i gat er
energy st oregeglgéng ﬁgﬁthb g%%st' g{r?ll %%@%?@ﬂ%ﬁé@golﬁdi%ﬁ d %%Herdg%%graggggi\?\j th a
smal | fuel oxédy, Ghexidehatindinjretd exifle dITO)inmtyobeaused $@ foroi the condustive faget acl e
frames. [0213] It has been discoyered that it i ossible. to mniimze the
el ectri cal 9éieslectisadyesys y3’¥u 1§ qu‘%atr‘?dzoaﬂeci% el tﬁggﬁaimg P i-grid
structure ﬁ?.@&&aﬁm ABILER in SRREdRLRLVE 1678 SThiS ARGfodUah bB@keddebardiespaf ti al
field specific reégion. It should be WD 03/090611 PCT/ US03/ 12528 49 pointed

out, whil e vamtherdire eleditd-awiva arpplaciepigrethe eatireflens| ragionor pnkyra periden ofcit-ure, a

hybrid ful .eld ti-grid struct.ure can i . .0214] In
anot her i n\lh%iq]\é“ea%t:h&i ,m%\lﬁse{‘)é VHRORE &l)xr?\llaglﬁ) :{%rtlﬂg% ﬁlr%g% g%%kgﬁ%}géd%%l or such
as aberrat iR cRER AARIRG! Bfhi-RIMacH decteystienmaetdlj édchiwittotHeheovay ewear

such as discussed above, and the Bnoper enabl i ngi sof tware and progranmm ng
of the el eqtaioof duvingeclestengearto esisphidh [her clegifig) fagld vEoss rthedRigi-¥oMERol | er

conponent s, , hqused in. the: el ge¢ - ael e i r OV i

vent ve. RO e Pighe rorr KBRS BRLINRRDHEAE Bierfo RABES BB ki ng
one' s eyes,copdactBRPr nesallibyse gesansryihelselodtraieciithographigailyt dn thihwappbei f i c
area of the electro-active |ens being, | ooked. throu E’ I n other words, as
the eyes noVRCtER-ackivedpateriadcae e F%W?dé‘hércﬁmi@d’uérvg %&P@twgloﬁﬁpﬁss t he

lens corr eﬁﬁgﬁﬂ{ Q@cﬁ‘@hjifi’ésl@ cv§%1{tjlr1 ehehixSlafbh aftl B&FHRA%MkE19WIhE Matterned

el ectro-active lens. be  manifested in several "different |ens
desi gns. Fodlearodapl e, the user could have a fixed power |ens, an

e et 0" 2k g il e e RO P R BHECH Sl et on
non- convent§@Rak a"RtEACHd Meluded & tharldkidn DELE O6lk£pet el cleytewny elettrichieeld
el ectro-active refractive matrix being of a nmulti-grid structure whereby,
as the eye arowerllt hence, the temples of the frames are designed to allow for the insertion
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 replaced when their charge is dissipated. An alternative would be to
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.
[0212] 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
batteries. The fuel cell could be recharged with a small fuel canister that injects fuel
into a reservoir in the spectacle frames.
[0213] It has been discovered that it is possible to minimize the electrical power

needs by way of utilizing an inventive hybrid multi-grid structure approach which

comprises in most cases but not all, a partial field specific region. It should be



correspondi ng activated region of the electro-active I ens would nove with
the eye. In other words, the eye's line-of-sight corresponding to the
eye's novwwoman9eas it intersects the | ens would nove acr @€3/usag1isehs i n
relationship to the eye's novenents. [0215] In the above inventive exanple
it should be pointed out that the nulti-grid electro-active structure,
which is incorporated into or on the hybrid electro-active |ens can be of
a partial field or a full field design. [0216] It should be pointed out
utilizing this inventive enbodi rent one can mnimze the electrical needs
by way of only electrically energizing the limted area being directly
viewed thro Oa}gﬁme WAL RY She fc%lr?%gﬁf@é g&mﬁﬁﬁﬁaﬁ%wjm&%ﬁai s&8eutd)@ HyBaa

el ectrical consune gl ven prescription at” any one tine. The non
directly vivdigdd amdtagridstructurercambs tutiizsless welt. not all, not be energi zed or
activated a erefore, would correct .for conventional .refractive error
that woul o BE4bE FRYDinsbRNG, wHEAeBo Y TGP YERAH e g o
hyperopi a, @ghigaBdrkains aRLoRLESAYLRIRIngHB8te OGP RIS th JyelétddSizh k528 50

targeted and tracked area in this inventive enbodi mrent would correct for as
much non- cdiseussed gk, anslf the prapee crsbliog sewpresandpregrammaing 98 iheeledticegul ar

astigmatis ..aberration and gcul ar surfac Lrregularities. In
ot her i nverq%(it\yg ey%%;gcﬁoﬁéﬂltlesr’ ek %r%egoertnel e:cr?gtr? pglc(f(e Oélrerétg’ lé!)t)ﬁa%inc%lrgr ect

for al so sogecteRnctBRidyeWadr is pfoviled. Bis Whlehtivd émbBedigical bk thble duesVingus
mentioned enbodi nents, this targeted and tracked area can be automatically
| ocat ed wi t Af $igle, By ¥y Oh Hagking ondieeYeorind gpPss, thaperestary liefrisal eagrgy to

control I er g@{gﬁga@ggea &%h%ﬁéc@&a@tii\;evrzlﬂg{i%ﬁegﬁgﬁ'&ﬁ(eﬁ iﬂglglﬁ%h.'m%ﬂe%}ras the

eyewear tra eye novenents, ye tra g systemlocated in

t he eyeweatheogyebahdveaa targetkd ripcaicaile rnengized arangeuld noee ®yst eéhe 1§n8217]

Al t hough only a partial electro-active region i tilized i.n certajn

desi gns, t hEOIESRPRGIRE &oPGe np Of ShRhL dirge ﬁﬁ“?ﬁ tag & FB*ﬁEW?&@sﬂgﬁﬁrial to
avoi d a cir LRI bd idRife¥dSinNeSehPdiRferkd 368 deBighberdranamble, HeuRpREskI vat ed
state. In sone inventive enbodinents, a transparent insulator is utilized
to keep t hehaleexfireéd pdwerclensy anietastrotactive keastar 4 hybriskofi beth types 4o lseires
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enbodi ment , pbhbsnvichlion s b@bctiveerof Waa¥d bé @brrb@ed@blyaghedf e élb&ro-active
refractive matrix 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
movements.
[0215] 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.
[0216] It should be pointed out utilizing this inventive embodiment one can
minimize the electrical needs by way of only electrically energizing the limited area
being directly viewed through. Therefore, the smaller area being energized the less
electrical power consumed for a given prescription at any one time. The non directly
viewed area would, in most cases but not all, not be energized or activated and
therefore, would correct for conventional refractive error that would get one to 20/20

vision correcting for example, myopia, hyperopia, astigmatism, and presbyopia. The



surface of the frames, and voltage is supplied to the wires and the optical
grid by photoelectric effect using sunlight or anmbient roomlighting. In
one i nvernwpbwa/09@mbodi nent, sol ar arrays are used for pri mRCH/UsSoe2s28 Wit h
the mniature batteries discussed earlier included as back up power. Wen
el ectrical power is not needed the batteries can be charged fromthe sol ar
cells during these tines in this enbodinent. An alternative allows for an
AC adapter and attachnent to batteries wth this design. [0219] In order
to provide a variable focal length to the user, the electro-active |enses
are switchable. At least two switch positions are provided, however, nore
are provi - he St t t ive

| enses ar eq%g?ﬂﬁéraﬂﬁg%%g?d %@?w?ﬁﬁ?&hgﬁ elglgisg‘lﬂﬁegﬁ%ﬁgl %:tgfe?{eﬁg %Sﬁgﬁm‘g{ t hr ough
the w res, noa-coalvémpaal sefraafipd ieertas possibde,i thahdeigb bireg]arazstigonatiymt he
fixed | ens %ower is utilized. This would be th&r“?.ase in @B:user reqeuiring a
far field dPewainns. ¥id QplasnsuHyde &Kalmee, THSBINRY 1B 0hr E5° Ve hybri d
el ectro-act dig._né}?s Hie! th'gEtecﬁ afl t&Fedirsd Q@ cok&t 80t Ddo B édn9E@ionWD

03/ 090611 0803112528 51 Tens bl ank or optic which corrects for

di st ance viesiopmasaselpdntsevdrali afshe previaus anénsionedombpdimentse thie targsieds push

correction fo eadi n the switch | d.be on. .nrovi.di rm ned
vol t age or tEﬂCL arg c?}%ﬁ"et %fg%@atll%’h?' Ill%cvz\l%énv%lg%&lecaf‘ & ?CﬁgOfgh%(%%nl%io}l\Q/Irégg@éle power
in the el eqdGranbicV@nioB& dnRsenth | byaway &f feithbida eige diideolocaeddashe ed, a

third switch position can be included. The switch could be m cropyocessor
control | ed,eyeweamiipekang yheyexer moppmerss.| with 3 aySF Heeking sastemclogied po Bever al
addi tional positions., i Jde ang . iLpent, the switch is anal og
not di gi tale%egﬁ?foﬁr 8{/}%%%%1{912%%?}6%3%5 %ggégﬁé%%g%t%he focal length of the

| ens by adj[eg17ngliBoueh@lys preisieslednocdtive idgtomiswnilinedincamntainodesigns,ahe adi o.
[0220] It may be the case that no fixed | ens power is part of the.design,
and al |  viaitisn sebroeeist qaredswisl danplereeraei s gma{qu]@l & é‘g?lflo@ SEeiltelifens” I n

this embodifeple (& myOlkAdR B RHEK Bl KOhIRUASI! SaBURR! ik ivdhllee | ens at

all tinmes i oth a distance and near vision correction is needed by the
user. |f ondmbalimiestsancsmnsparentcinsuatonis nekgidtp keer drenrelgatricalnagtiyatieeded by

t he user, the. electro-actjve l.ens ul d .be on when. correct.ion is,.needed
and of f whe]1‘1mH%‘L E‘blﬂFee‘&eﬁtrﬁL aeg Beingy A %Vaggv\%\fleﬁ‘,e l{nﬁftévei%esd H%rtlpheéﬁqv(%efg%f he
case. |n cefkidb hAdhesh Bnts rieRp Ml aige wpae dchoe ks deitge, turning of f

[0218] 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
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
embodiment. An alternative allows for an AC adapter and attachment to batteries
with this design.

[0219] In order to provide a variable focal length to the user, the electro-active
lenses are switchable. At least two switch positions are provided, however, more are
provided if needed. In the simplest embodiment, the electro-active lenses are either
on or off. In the off position, no current flows through the wires, no voltage is
applied to the grid assemblies, and only the fixed lens power is utilized. This would
be the case in a user requiring a far field distance correction, for example, assuming

of course, the hybrid electro-active lens utilizes either a single vision or multifocal



or down the voltage will automatically increase the power of the distance
and or near vision zones. [0221] In one exenplary enbodi nent, the switch
itself iswbwosadwdl on the spectacle |ens franmes and i s comaFdisesi12ses a
controller, for exanple, an Application Specific Integrated Grcuit,
contained in the spectacle frames. Thi? controller responds to different
positions of the switch by regul ating ﬁe vol t ages supplied fromthe power
source. As such, this controller makes up the nultipl exer di scussed above,
which distributes various voltages to the connecting wires. The controller
may al so be of an advanced design inthe formof a thin filmand be

mounted | i Iiglfs(t)@;%%)&lt Ir)]ft{cy Wﬁ’lrch%gﬁ n%tﬁn&:oﬂgl@ﬁ %ﬁhﬁ( oRkt9 Q9n§tfh@tl§ﬁl rface of

the frames one exenp ary enbodi nment is controller, and/or one
or nore corprovide arear amrqmocmrﬁcson |fer f@kimgcaheedwaddhmulcplbog:mm‘ddmgtm

know edge of the user's vision tion requirenent
user togeasl?rF R V‘bl&gﬁégnmmyf? V@Eﬁges &0 1S gen(%?s ﬁfeélﬁagtaep?ﬁawéedm@%l t ages
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requi renent’s. This electro-active eyewear controller, and/or one or nore
control | er swithpmsitionsanibe iecladddy The switel Feuld he/micrqprersssmeaniralldsy of he
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a new "prest eSO P° s SRV ARG

requi renentigceheNdm- adodwt Amdaamaspemt switch Beatdsy hot dRitahamddpevidech i s
that it can change the voltage applied to an electro-actjive lens in |ess

than a m crepsdiowens. varipngerns the focallpngth of the lensdryradiysting adgop ok lgver much

manuf act ur fro S4ong material, it is possible that the rapid
change in ﬁqiaqvmléﬁiﬁtcﬁﬁ?l%m {illenses may be disruptive to the wearer's

vi sion. A g@2ROEL rhiavbsithd OPISefthﬂ‘nn(Dﬁeed @mal pdvends Ipatt ofaghetdesignnend bié

desirable. As an additjonal feat t%e ihl S inventi 01?1 a "Itgﬁ.t[%%e" can be

progr anmed ViSO CORECUQuGIS REempdishe é{’ca Glegtaragiye 58St ndhsi g Yersely,
a "lead ting, ta%?‘& er@?ofﬁ&&%érans?gﬁéatte thd'Rn§ A4l Binke&lf Bk dneaticd asmeed t he

tran5|t|on ion could be anticipated by a predictive
al gorithm {2 2ijon cormatioreisareded byetheiuser. dberdy ardistafcetdomreetiamei BRGAS can be

e o8 o kB PRSI, PG RSB R A5 ey oo

focusing poygfecasnlis n@&ieﬁVﬂnHCmthen no correction is needed. However, th1s is not
always the case. In certain embodiments depending upon the lens design, turning off
or down the voltage will automatically increase the power of the distance and or
near vision zones.
[0221] 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
Integrated Circuit, contained in the spectacle frames. This controller responds to
different positions of the switch by regulating the voltages supplied from the power
source. As such, this controller makes up the multiplexer discussed above, which
distributes various voltages to the connecting wires. The controller may also be of an
advanced design in the form of a thin film and be mounted like the battery or solar
cells conformably along the surface of the frames.
[0222] 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

arrays of pre-determined voltages tailored for his or her individual vision



rapidly; while a |large change in focusing power, such as a wearer quickly
nmoving his gaze froma distant object to read printed material, could be
set to ocworo3pywilia | onger tine period, say 10-100 m || i eexarsd¥125Thi s tinme
constant coul d be adjustable, according to the confort of the wearer.
[0225] In any event, it is not necessary for the switch to be on the
spectacles thenselves. I n another exenplary enbodi nent, the switch is in a
separate nodule, possibly in a pocket in the user's clothing, and is
activated manually. This switch could be connected to the spectacles with
athin wre or optical fiber. Another version of the switch contains a

smal | m cr QN Foriines i OabERANGRE YoyeROsrt confOB&, ald/BNEM bit ﬁforé"@&rﬁfbllégnds a

signal regarding swtch position to a tiny receiver antenna nounte
conf or mabl ycompohéms,sip easibyciemoivaldermad/or prdgoarhmaelle thyebe visign edie specialist

configurations, the user h dire but discreet control over the fpcal

| engt h var i 4t {GHUCHP Ard BPlse %’ﬁ}é)ét S .o?/‘%‘gﬁafiwpcﬂ‘fi%@%f’ﬁz5zs 53
[0226] I n vamiBHs wHETRE ader's STRAioIRBlion fediréiédts Bhdngeaut omati cal |y
controlled by a view detector, such as a range finding device |ocated, for

exanpl e, i n02AH Oranwecionl therontrplerehasethswiteh Isethat itzaa/Bengmibenwliaghs of
the spectac eilé(il 3(5] %ngeg«lrcgt I—e{]c%mt: UL, fndles% hag" dﬁféi&%se%%h& Cir hQ eﬁg@%ﬁgﬁ‘% Vg?'

[ 0227] FI G ective Vi ew of ano nventive e

el ectro- acffu&@iveyQNEaris 2dM0factuted fom 4 FAsusiiteiiiny enaecilpik ¢ pbsibie tha?110
contain electro-active lenses 2120 that are connected by connecting wres

2130 to confhegppidrehpagin foat dapeth efi thy fashst ParME HERBHYS Suhe Vo508 A
00 L0k S GO0 o o GEREAS BRI R Seijue hess 2120

and a range Ti Is atta el ectro-active
| ens 2120. ddditwaal desural dfethiatinweationpadilaening,” ¢anabs programmed] 800 dhel/ or

receiver 2170 can he attached to any electro-actjve l.ens 2120, attached to
frane 2;10,C‘@ﬁlﬁgﬁdé‘&ti‘ﬁ°1ﬁgn 051%6, tré?‘?éf}(i?r_ Wé’éf’alé’d 4 nFefiaatr‘FBCZngl.d Eﬁrt her,
range findegLLaN80 (46T the IQRBNEY Bt e&6EH i@Eed WD thaatitibe SEMILD, lBd by
controll er ~ 2140 and/or a separate controllér (not shown). Simlarly,

si gnal s r eceinsgtbnppuldtecaiticipated by(r wredictvee Pgadbmsed by control | er 2140

29T o SORBSR i SRILEL B R on IR BT TP @S renoe
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
longer time period, say 10-100 milliseconds. This time constant could be adjustable,
according to the comfort of the wearer.
[0225] In any event, it is not necessary for the switch to be on the spectacles
themselves. In another exemplary embodiment, the switch is in a separate module,
possibly in a pocket in the user's clothing, and is activated manually. This switch
could be connected to the spectacles with a thin wire or optical fiber. Another
version of the switch contains a small microwave or radio-frequency short-range
transmitter which sends a signal regarding switch position to a tiny receiver antenna
mounted conformably on the spectacle frames. In both of these switch
configurations, the user has direct but discreet control over the focal length variation -

of his or her spectacles.



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

m crowaves, or ultrasonic inpulses to |ocate the object and determne its
di st ance.wbn3ons11 enbodi nent, a vertical cavity surface- e®Crtisagi1isaser
(VCSEL) is used as the light transmtter. The small size and flat profile
of these devices make them attractive %ﬁ)r this application. In another
enbodi nent, an organic |light emtting ode, or OLED, 1is 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 nostly transparent. Thus, an
OLED m ght be a preferable rangefinder design if cosnetics is a concern,
since it ﬁﬂ%@ IRl R ? dnlbBlithdnlland E0RCIPLs dkGHIRRMY LHRICAHNT

not i ceabl e. ] AR apprgpr ate sensor to receive the reflected Signal
of f the objaadéw dstepbncech as nranpe findinguedcp bwhted ofos examplhdnftheoframefont he | ens
frames and connected to a ti controller .to conpute the.range. |n another
enbodi ment ,thé framgg e theelend Pethe ey ?{:g{eest?e’ftga%ta drpodﬁtg}gg ﬁmgr%as bot h
emtter anqmgah%%&s'ect%ﬁef,&laa%&ﬁd to the WO 03/090611 PCT/US03/12528 54
range conputer. T |§ range is sent via a wire or optical fiber to the

swi t chi ng [022%]FGI 8t it eqerspdctive vinw dfeanottier amventive cambeglimene o elestipt e

carried on onesel f and. . analyzed to.determ ne the . i1l fting
For that onrae Sxareraaios’ T i fie AR R EnBlen Fapidf PR Sl PFRE A,
swi t ching qgqks A1her thaRYard @ohicR@ Bl eebrne@aich@fires 2133@] dohtrsigu the
appreciated that in certain situations, the range finder device _may have

di fficul ty (svéarathd rircuitl and qever ¢gicE S¥50; He rangecfipderaranspatiere A0 ken t he
wear er desirge

i f . ; ,
range fin &étia(ie%igﬁgﬁlyeﬁ?sctlfo[z{%ﬁgg Te%s'fl%?}aﬁ% a'ra; antlc%r ?‘5@:&\@? r217('): & at%ﬂéﬂ)l e, the

er and range er receiver nmay require extra head
nmovement by kikeotheyedd@io-afive s 2406.da vhabay dterieeive enmbedinswits, chnoméeri si on

correction to another. Alternatjvely, "fal se_sw tching" occu en the
| enses swi t2160mPGIeF Lassiver 21 Bhoancly aitachedyip %B’t"d%‘ftﬂ?acﬁlé(@g%rﬁ%ot ﬂ?‘:&%ﬁ]er to

a vision cqprgghd 90yd %{behéedq% lengQgéﬁlpiﬂd%reemﬂzéaﬂe@ﬁ@ﬁﬁhﬁ2M’0.eFu1tt1|T&, | enses

switch the vision correction om distance correction to far-internedi ate
or near - i ntrangeefihddraramsmitear21 60 rndot raiver RhEd ear bofcosipliedninepnteliehe

Secor i gt TP indle Anspas Sobirdler, BonRANE. SR el tR 80201
?”d range flades J190%hN Bk préss®alRCddnueliyr Peocadrireckephiatt agdotleo@mat | enses
or

shown).

[0228] In any event, this range finder is an active seecker and can utilize various
sources such as: lasers, light emitting diodes, radio-frequency waves, microwaves,
or ultrasonic impulses to locate the object and determine its distance. In one
embodiment, 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,
is 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.

[0229] An appropriate sensor to receive the reflected signal off the object is placed
in one or more positions on the front of the lens frames and connected to a tiny
controller to compute the range. In another embodiment, a single device can be

fabricated to act in dual mode as both emitter and detector, and connected to the



controlling the transmtted beam w dth produced by the transmtter, and the
accept ance cone accepted by the receiver. [0232] FIG 44a is an expl oded
per spect iwe osiogw1ibdf an i ntegrated power source, control | @cTarsd3/1sege
finder in accord with another alternative enbodi ment of the present
invention. As shown in FIG 44a, systega4400 i ncl udes range finder device
4420, which is coupled to controller 4440, which is in turn coupled to
power source 4460. FIG 44b is a side sectional view of system 4400 of
FIG 44a along Z-Z in accord with one enbodi nent of the present
invention. As shown in FIG 44b, range finder device 4420 is conprised of
range find Lt e 4 fi IF; Bewikdhid i S
ol ar v QoS e R ey AT Ine Ay iomde

recei ver 4428tralle Ioraed i theetenafrhniesomi o evirettise demoter espest pi voskself akd ch  may
take the formof I|R.|aser djodes, LEDs,or other non-visible radiation
sources, fplyess ipdetermpinet ?§OFP‘Ttlfé”c“icatsFU]élgetﬁ56kbal?rPé’hetC,% dFSFARSE it YOMC 4424

has been s E‘éa%fst, ih¥ ?Mﬁ%&(ﬁﬁfo@l@p%vﬁﬁfﬁ%ﬁfﬁﬁé&ﬁ? BOInERYREEDZWhERN

transm ssion lens 4 o control the transm tted beamw dth produced by
transmitt er[023014t sEputil |ber 4ppreaiggedithas in £4p@nngipatienss dreenicy dinder dgdeed wit h
receiving |ens. 4430 Lo .control the acceptance c£o ] e r | ver
save, 117 SROUPBSSGYER e BR AOETRREE sHERBFAGRSTIn O bk E TR ¥

recei ver 4428 biWsHeE® mbR Bsth iode aB@l oF fOMBY toWALGr. | Fghdxadys tapphgachi ng
the range finder device will be able to reach receiver 4428 once they pass
t hrough  ei tiirder ranspaitips andgangmBndes gecelyjse ppy requitsexia head pevepent dy\hs i ng
recei ver 4428 Lot LV ' W j 1€ 0 ts of
Fange 1 ndefcligl R Fabts’ BetthaRIRE SphaH Bpe \Apd RoftEaRn PERARET,

recei ver, fARembthelysEilss senstinghmenboccuhihen thotlerstd ewitenfromhike visiowt i on of
the internal conponents. [0233]. FIG 45 is a side view of the range finder
transmit t ercospesoyfactally nepded by 4Be oVeAIH (R D nESIRRHTUTHENR tg‘?t tH9r esent

i nventi on. @k@?ﬁw | forFéGmifte, whid BS TRt AWikBNEe Adbn hRsredriciefREA €d

di vergent p rto diverge the beam B produced by transmtter 4424 to a
gi ven pat t edistamded chrr€tioar toa fgyi-memmedintei oy negi-inteamediate, opgwer domgétion, t he

0 O GRS PRI B SEGRRTb S At SR BB ED, e

need for exfpardead movenent, while avoiding false swtching by not
[0231] Accordingly, in another exemplary embodiment, the range finder transmitter
and range finder receiver may selectively be covered with additional lenses for
controlling the transmitted beam width produced by the transmitter, and the
acceptance cone accepted by the receiver.
[0232] FIG. 44a is an exploded perspective view of an integrated power source,
controller and range finder in accord with another alternative embodiment of the
present invention. As shown in FIG. 44a, system 4400 includes range finder device
4420, which is coupled to controller 4440, which is in turn coupled to power source
4460. FIG. 44b is a side sectional view of system 4400 of FIG. 44a along Z-7’ in
accord with one embodiment of the present invention. As shown in FIG. 44b, range
finder device 4420 is comprised of range finder transmitter 4424 and range finder
receiver 4428. In this exemplary embodiment, range finder transmitter 4424 and
range finder receiver 4428 are transmitter and receiver diodes, respectively, which
may take the form of IR laser diodes, LEDs or other non-visible radiation sources,

for example. In this illustrative embodiment, transmitter 4424 has been selectively



maki ng the beam excessively large. [0234] FIG 46 is a side view of the
range finder receiver 4428 of FIG 44b in accord with one enbodi nent of
the presewDoBywnti on. As shown in FIG 46, receiver 442@Crasssizesi vel y
covered with receiving | ens 4430, which has slit aperture 4432 forned

withinit. The use of receiving lens 4 with slit aperture 4432
decreases the received pattern to a su antially rectangul ar field, rather
than the full view that would be detected if receiving | ens 4430 was not
fitted over receiver 4428. In this enbodinent, receiving lens 4430 is

constructed of a material, such as an opaque material, that would prevent

receiver 4428, &EDMth @aRINsHIOn &MY 44286 lREEI R MMl bebSviatCRBlheR Of
those traveling through slit aperture 4432. [0235] It should be appreciated

that the abbyedrassbotr midtts Rinnitartys aeceies 18R mende spARBvelyververeg with
transmtter 4424 and r Lving l.ens 4430 covering receiver .442 re. nerely
1 Tust r at i vESCTE (R ET (8 eOdia) dbF ARPEnER 50 EtepEH dberersiast #s ltssi on
WO 03/ 09061 hdolid b&ehtbdiaied Snat ae ReaFte bFidASEH don8! of4dedvara4bBenaedlpt ance
cone of the receiver 4428 nmay be enployed to further reduce false

ly. D . J . >
swi tchi ng, & soligrangle ovRs Weieh dicharaye approgphing dhe rangs tfindeudedce Mokl bexanypl e,
ot her netho o) L cti e e h I ttern
of the rec elgl\?/lg rtfoi I%g%éée&ge‘}ﬁglglé?? n%n%%ﬁ ﬁ%& %ggsotr?%{;‘%%c giﬂile% agﬁ%%g‘g&é \efl%gelr ?‘% res,
vari abl e shuapdrans,orlogingelkyice cot@itigtieseiva@sa428c tA peotedieprindagansf sitlght rays
onto receiver 4428. It should be al so appreciated that placing | enses over
the transnife Beradconaragenis ofi wngh finderaflevieen 442 andompiensieciically. tee above

lens may be  pLovkAeHq | BcaeGOHRNGR: Wstls LRGirdMMEN! kiftte QT aGXATB! e I N at
| east one fur?ﬁer en%olgfrrgni,ﬂft%ﬂe ?eéeﬂlqﬁli nglri)ens ’Afxg{(gleug(gdm?ég%s Ifehgti vely
cover recei Ywrctidd dBthedntenyat campinentSi m larly, in at | east one further

enbodi nent nsi ssi on l.ens 4426 used to sel.ecti vel er,. .
Cransm ¢t er 073 FIG"E0S 81580 view S o Baeeth ey, Padiifeh 122 & BB GHpoing
above, the peefd fath afédidnudaghedeFOMEOMERNtinvedRont NEs B6GHhepRe 5, fal se
switching, are both mnimzed by increasing the width of the transmtted

beam pr oduc &@nyyistiie lensnd2¢ hader selgctads diverasnt pawer éptdivnad Ithe beam B
e Pl o g N B LR, 5B RN i 200 0
control | ed Bitaacsiml Accdrdingtyg phel widit esferhé beimtgredueervystrheaditerT4v2s woul d be
acconpl | Shegptti)%ﬁzieg qfl)ru gllvre]r? working distances for reading and intermediate vision, which
minimizes the need for extra head movement, while avoiding false switching by not
making the beam excessively large.
[0234] FIG. 46 is a side view of the range finder receiver 4428 of FIG. 44b in
accord with one embodiment of the present invention. As shown in FIG. 46,
receiver 4428 is selectively covered with receiving lens 4430, which has slit aperture
4432 formed within it. The use of receiving lens 4430 with slit aperture 4432
decreases the received pattern to a substantially rectangular field, rather than the full
view that would be detected if receiving lens 4430 was not fitted over receiver 4428.
In this embodiment, receiving lens 4430 is constructed of a material, such as an
opaque material, that would prevent receiver 4428 from receiving any reflected
beam, with the exception of those traveling through slit aperture 4432.
[0235] It should be appreciated that the above embodiments with transmission lens

4426 covering transmitter 4424 and receiving lens 4430 covering receiver 4428 are

merely illustrative, and that other embodiments that manipulate the transmission



anot her view detector, such as a tiny mcro-gyroscope or

m cro-accel eroneter in the tenple on the lens frames. A small, rapid shake
or tw st wbDoBlgoshead woul d trigger the mcro-gyro or m cPCTASORIBROMEL €1
and cause the switch to rotate through its allowed position settings,
changi ng the focus of the el ectro-activg |l ens to the desired correction.
For exanpl e, upon detection of novenent 6oy either the mcro- gyroscope or

m cro-accel eronmeter, the controller may be programred to provide power to
the range finder device so that the observed field may be interrogated by
the range finder device to determne if a change in vision correction is
required. L. | ar : 4N i i I L of tinme
i ch no TFd e A BB D gL e R ver R e
turned of f. empidynétodurtheriredumt falseawitclung @nbgdoveetht peffolthawe g dphieal
detection of nove t and use of the range. fi.nder devic t he range finder
devi ce may BEWTAAM0 ERF CXIle) aRidTapE I IS EP % AcgePtings $5pE PRt of her
exenpl ary epheficaepiterP Rt ME reldifW HRIRIEt QhplosieNomer debibiricabyMshefbd My be
enpl oyed to determi ne whether the user's head is tilted down, or up, at a
gi ven angl e apgrbwes, orripe shuterpdsnigs.con ¢rvicesoasttcting thadpassagie\ad light sayseone

| ooki ng straight ahead ifn the,di.stance. For exanmple, ;an il lustrative tilt
switch may Oflﬁ)cfeﬁalé’e%qﬁggc ullltq fhg%at ]%h aFr’srguar?tp ed 1‘1){%%% pé%cr’i?g (%‘frfs%sr YHat™cl oses
a circuit thahsmitiey hilefeceiReMBloptionilhnend afjombid&ion &N Abovd RS @ity | er,
only when the patient is |ooking up or down a predeterm ned angl e away
from a hori Pentidad inaaccoedsess widhythsdnyesiogn eldor ¢xsmple. sinag deasyiogp dhrther
correction i n . i . i t e range
finder devi g{ehb%g@%lg’ %%ﬁ%?%ﬁﬂg?&?%ﬁ%%deg & etdaﬁgéé\l/\v{% @g ﬁgﬁggggzéc}t Arl%%gta%ti ve

| ens from dioptiauut.e Stailadtin anleast aredulther entaddiméisutie temmsimeésaiondens 4426

internmediate correction) when the user's head is . ti]J]ted dowward or upward
at the predd®&h ipnédectiys éoéma&rap?‘&meﬁoz?‘pz‘loﬁf aPPHORAN tg‘bn'glFl GXemplany| enses

may enpl oy ap8eldnkOB&cribE e ABETLTEBO held@b:r 8MIiRBE HealnsRiaed Ady Whe near
or internediate distance for sonme predeterm ned period of tinme before

swi t chi ng oocunreade of Halse iswitclsng,t arth botuhdnializwl b enaussihgt e seidtinof 6w ¢
1,2 b R0 Sl el o B
i nt er nedi at enhisidaehow BE3&ecldBBamAd predeificdiotths t4ge Yine¥srebdiver. wear er of
an optical l[OeZ?Sg] Slalzggtrﬁqerl Qxe?r?p(ie(t)rry%mbodiment, the switch can be controlled by a small
but rapid movement of the user's head. This would be accomplished by including
another view detector, such as 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-accelerometer and cause the switch to rotate through its
allowed position settings, changing the focus of the electro-active lens to the desired
correction. For example, upon detection of movement by either the micro-
gyroscope or micro-accelerometer, the controller may be programmed to provide
power to the range finder device so that the observed field may be interrogated by
the range finder device to determine if a charige in vision correction is required.
Similarly, following a predetermined interval, or period of time in which no head
movement is detected, the range finder device may be turned off. Furthermore, in at

least one embodiment, following the detection of movement and use of the range

finder device, the range finder device may be turned on.



wi th one enbodi nent of the present invention. As shown in FIGS. 47a, the
wearer of an optical |lens system may adjust his head from horizontal to an
upwar d heao osiopas11 angle (O p), and from horizontal to a aomrtsas/shead tilt
angle (Gdown). FIG 47b illustrates the wearer with his head tilted down
at the downward head tilt angle (Odowng FIG 47c illustrates the wearer
with his head tilted up at the upward head tilt angle (O p). In one
exenpl ary enbodi nent, the tilt switch nay close (and provide power to the
range finder device, or the controller, or both) when the wearer's head
noves up or down fromthe horizontal by about 5 to 15 degrees fromthe

hori zontal [023%] Hhmmotlﬁﬂ@xﬂggfagi @Hib)z&dm@éﬂ@uﬁnolﬁérdﬁ%e&&ecftép néh&ﬁ‘eashé”tﬂtzont al
p05|t|on In one further ment, the tilt swtch may cl ose when the
wearer’s heaWitivaay bgemployerhiardoterayine Weethesrthe bser’s| hebq issiieadt dovér, poupo

degrees fro h refer about 0 degr ees
fromthe ho?l[ %‘oﬁt%f%p%g&%?%engpw y%@@é@rﬁﬂ%&fy@é@%}sl%glﬁm%g [56‘?%‘8]6 | t
shoul d be aﬂxpnimg straighttahedd inhehe aloaee ddoe ckhagleemb atistRMS R IRAEY ity il t
sSwi t ches may 3 timzed based on the needs or desires of the wearér. For

exanpl e, thd? CREHLY oyredhinhe eopirolisrthat elpsaseaqirpuitshatirovideshe

hori zont aI Lied S upward or
downard di PEat SnaC iAERHhA hRorpSBploiftrothiy Sheflihe Biuckf iy RPRUR 'R
switch may bedeyoal predttem@ried dngte awdyviinovarachdrizbhtal. OAs 1dneys majdbd ddslgﬁear from
each ot her ?3/ ever al. rees Slcpjl tional I the tilt switch may al so be
optini zed by lpHEoIEi ‘H@‘O’P B?C(ft’ton\kﬂ HOYhPYWe ﬁ‘étsfa%ﬂ‘éatt ]ﬁéStrO&ﬁﬁg’IbPﬁH’é‘?nt( or
provi de powge fafgd ﬁﬁdéradwfbefﬂlﬁ‘ﬂﬁé cOSYIR& tPEpdAE and %Wﬁt’éﬁ ltlllfélect% a&%h) when
the wearer tilts his head in the downward di rectl on, ternatively,
only when t kaswEamedistance qulifregtlmad anptherestatowésudh disr elcan on 1nﬂmned1htat ter

o rend. [ 0sorion WASTIE SR NG P Euntipiont o 4ot pL B reeimdned’ 1111

switch to d@glerawajyefrbﬂnehcanghﬁl ofAddlﬂldnan_f/ fHeelenRa N Bhy %nﬂ)ﬁ%d an lih&u%HQ' e of
tilt, either dowward or upward, may be sent to the control |l er which

det er m nes {RSE{RBENY that 41 P'?Jei:tsbf‘gﬁ'eéaft the mgar er W%ﬂ@ﬂ@t@ﬁlﬁ@dceaﬁglsemﬂhus
t _he contr O! %ﬂﬁngii ?@hﬁr esﬁﬁ'{ g)e?&g\@{;wt& ‘ﬁ% ogagﬁed f'fﬂ!:dt?lﬁ W1 él\ln{ %(glﬂéf pi)n th

tilt crossi associ a the 't

Simlarly, bﬂ uked toheet adnpiodevarifigh that is e -AgyD agedp@n Positive Iczi@CoEh ar omet er

For exanple, a mcro-gyroscope or

(r:noglr g be eHPglCEX ?evei set %y tfle rangeflr];d%r H-lat indicates whether an'object is in theé near or

intermediate distance.

[0238] FIGS. 47a-47c are side views of a wearer of an optical lens system in accord
with one embodiment of the present invention. As shown in FIGS. 47a, the wearer
of an optical lens system may adjust his head from horizontal to an upward head tilt
angle (0yp), and from horizontal to a downward head tilt angle (Qgows). FIG. 47b
illustrates the wearer with his head tilted down at the downward head tilt angle
(Bdgown)- FIG. 47¢ illustrates the wearer with his head tilted up at the upward head tilt
angle (Byp). In one exemplary embodiment, the tilt switch may close (and provide
power to the range finder device, or the controller, or both) when the wearer’s head
moves up or down from the horizontal by about 5 to 15 degrees from the horizontal
position, and preferably, about 10 degrees from the horizontal position. In one
further embodiment, the tilt switch may close when the wearer’s head moves up or
down from the horizontal by about 15 to 30 degrees from the horizontal position,

and preferably, about 20 degrees from the horizontal position.



accel eroneter may produce an output that the controller could use to
determ ne the position of the wearer's head, and adjust power to the range
fi nder dewoog/oowmerordi ngly. [0241] Yet another exenpl ary eciyabosre2ses uses a
conbi nati on of mcrogyroscope wth a manual switch. In this enbodi nent,
the m crogyroscope is utilized for nnsﬁgy readi ng and vi sual functions
bel ow the 180 so as to react to one's ad tilt. Thus, when one's head
tilts, the mcrogyroscope 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 sw tch, which can be

remote, is f rdppicied ARt ME HRAMIRIGARE dritfodiBEdtdiehpldinial
functions aog??raqggg(?/uelgrb%e@p%é%?esuch as working on a coorrputere. Pvﬁﬁ%%/ 090611

PCT/ US03/ 128p8witS®s[102% P optinszed| basehontbe nesdsngl dasireenb i wearer. For

conbi nati on of rangef i nder and m croqyroscope.is utili.zed. . The

m cr ogyr os cOREPIes tht FHZed? & 09?83? .hﬁY%{hS%g%n%chetvff nlfff)!n%lt SPGB ons

bel ow t he %Qitioméqﬁik’&i 103016&f 18 Aekitch Fifksiad the upwaMbN@whhwirdrRstionshi ch are
above the 180 and are of a view ng distance of, for exanple, four feet or

| ess. | n fUFisethecartgded forethe sipward Blige dlosadbe swétoh aeaynks edeal (ie @gglerfor
conbination, with,a_.tilt sw.tch,,.m - S e 1.Cr Q- e ter to
det er m ne \A%Oé”f%arrdt Hg B g%etyr gpglcﬁit id\%/féfgrl g%d;ngs%%ﬁl gﬁ%éné&n ?eg%ie:ag h%@ hese

enbodi ment spddifen4BN tHeolilk ewitciihay WS e dtihiced bY @loviding ele lit whuldhmly
i ntegrated conponents, such as the tilt switch, gyrascope or
accel er omet ativaigi the raRaciinger ((PbPEPVide RoMeE fenthet 1AEe tHWeT slsyises Phdbs

devi ce nust %g{oﬁ%gg of UoRYY Wh&EVHa%wairst gggﬁisbﬁéaalriﬁ B doGlvaty WRslthnogeur . for

exanpl e. [ch an al'ternative to the manual swtch or range tinder
desi gn to agdjemsitivelyeonlyorhesithgwpareetiltohis hbal il the ipwardcliteggora s Blenidtier

anot her exenplary _enpodinent wutili.z n eye-tracker .t asure
i nt er - pupi I?aéﬂﬁ‘B’ihgg]g{nﬁlécea%v&r@é’?é@mﬁﬁéﬁ@it éﬂﬁ‘d |W§¥S§r'ﬁgg§r?%§a‘{ri‘he eyes

focus on di ghagf mOhnhiBRE" efeah@ﬁltys erdbBilneit, S HRANSRGNANIREs S tilthSwit@HRb | S
converge or diverge. At least two light-emtting diodes and at |east two

adj acent phditonsenterangteoofddt et thervefarartst edd| Thistangleorhtilh sitheraloenvesrd t he
eye are placed o
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posi tion t othaftaireddidtidihedl dhgtl. STRRG €het @ntroller could selectively power the range
finder device upon the tilt crossing the tilt threshold associated with the tilt switch.
Similarly, in further embodiments, a micro-gyroscope or micro-accelerometer could
be employed in a similar fashion. For example, a micro-gyroscope or micro-
accelerometer may produce an output that the controller could use to determine the
position of the wearer’s head, and adjust power to the range finder device
accordingly.
[0241] 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,
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.



cal cul ate the distance of the object fromthe user's eye plane. In certain
enbodi nents three or even four light emtting di odes and photo sensors are
used to tweak/osnsel novenents. [0244] It shoul d be appreci CFdISOha528 i n
further enbodi ments, any conbination of the various nmechani sns descri bed
herein, which mnimze false switching_and excessive wearer novenents to
initiate switching, may be conbi ned ind ny fashion as desired to neet the
needs of the skilled artisan and the wearer of the optical |ens system
Thus, any of the logical |evels or sw tching nechani sns nmay be custom zed
to fit the particular needs of a given user. [0245] In addition to vision

correction 0 {ziﬁ IﬁlsﬁﬁEngGﬂlglcéﬁ feﬁf"?)%ﬁin’{e%t TRkt poA RlaS@nediabiSat 4 0 give

a spect acl s an ectroc c tint. By app ying an appropriate WO
03/ 090611 Rﬁi‘c‘fngﬁﬁbdpfSﬂ Sitilisdi. \Thb negegymseapeappiilopdifat ecag elsiquo kydretheor

l'iquid crystal er, tint or su |.ass effect. can be i arte to the

| ens, whi chisPR &y ‘%‘/Féﬂf)@%%‘? ‘ithF ‘gﬂken‘iag‘%‘? H}‘ile’é%%ﬁa‘%’ e&@ ELmr‘fg | ens.
Thi s reduceghibh gt atoRk %Swo/arm MBSf @ viswing lddssce OF fB€ bxdrpltul &REof Or  the
confort of the user in bright, outdoor environment. Liquid crystal

conposi t i orless. aldfugder pubgdisrestswiattAngsi @hﬂqmlearqezraw be tuyed i cempisatent o an
appl i ed el ec! fie nost attractive for ication 0246] In
2bhe. | nventt b s R TR anFisi kP nic B BRI Sk 2L
t enper at ur ex]acdol ative MénsNekuldebs bwiteielle Ianbegherhifbdahé@s,! the enirolexmef
refraction of the electro-active |ayer. Then, a correction factor to all of

the suppli atse abigiadesl for each o the integeins FeBPORSTISd Ay as the BE sl ed t o
compensat e [lschbl 3r afldtheter: IR Hidalie B icRlont HOEAPEANR! FaeP! OL her

t enper at ur e2’séns nmount e I’ or on rame and connected to
t he power sdeviczemasinsbiainC hamge idwing tdistpeteabefbe. sW’hﬂung)rWanﬂcﬂ |leecuig diovert s

these readings into voltage changes needed to conpensate for the change in
refractive $¥4B®IE-of the electro-active material. [0247] However, in certain

embodi ment so8hHCAL 9Riakemhtite!id ¥ thanAF kWAt ¥r Bilob tinliBf Beshin «PRjhfiand ens
surface for t he purpose of1 I ncreasing the tenperature of the electro-active

refractive fioatsing powet agfeuhs elacmcsaqtlge dassanbly, famthblepxmplat}e embedimeeit act i ve
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i ncreases tostand Wsnfle agel foc@Nah distant or near objects, this distance changes as the
pupils converge or diverge. At 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 emitting diodes and photo sensors are used to track eye
movements.
[0244] It should be appreciated that, in further embodiments, any combination of the
various mechanisms described herein, which minimize false switching and excessive
wearer movements to initiate switching, may be combined in any fashion as desired
to meet the needs of the skilled artisan and the wearer of the optical lens system.
Thus, any of the logical levels or switching mechanisms may be customized to fit
the particular needs of a given user.
[0245] In addition to vision correction, the electro-active refractive matrix can also

be used to give a spectacle lens an electro-chromic tint. By applying an appropriate



flexibility in being able to control and change the | ens power by way of
refractive index changes. Wen tenperature is utilized it is desirable to
be abl e twomsasusie, get feed back and control the tenperCarisosidseh has
been deliberately applied. [0248] In the case of either a partial or ful
field grid array of individually addregée el ectro-active regions, many
conductors may be necessary to nultipl specific voltages fromthe
controller to each grid elenent. For ease of engineering these

i nterconnects, the invention |ocates the controller in the front section of
the spectacle franmes, for exanple, in the nose bridge area. Thus, the

power sour 'C ' ' 1i é BE: &aRA %Eseé?ffécp the
controll erc@yta%@ Jht%/@r%dgng'ﬁ%%gplﬁn%%?og@@mﬁaltlena ae front %lr ane hi nge.
The conductaansbd nmp:iutﬂgl tchéhec demtsy olhiichr aktenatee the dighe drapsmiskion t spnzewhat

cont ai ned th| I ectlo of the franeg. <
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are easily renovable. Each te consi st of two parts: short one

whi ch renaiand gebpelyoteedwith htgilepdiarﬂgbﬂléﬁdl fespamse t¢ pm Applisd el ¢cdiic ‘émld e | onger
one which plugs.in The unpl uggabl e part of the tenples each
contain an IEP%@FF%CE‘}S?%O&%EP@&?IP%% (battery, fuel cell, etc.) and can be

si nply r enggedelandsdn@s aRResH e dmboditdeatst ltbﬁgdnmltlthﬁay)fbetdEEd tienptLvns These
renovabl e tenples are rechargeabl e, for exanple, by placing in a portable
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conti nuous,vdlmggy toeth® gt hisseatblien wolild hevel ®nbe apjlied roaccghpnglsaysfbe this | n
fact, several pﬁl acenent tenples carried by the user (&ket or

purse for téfest pymyggire thesayor; Hleﬁrﬁﬂé//)“@i% &% othef, femyperature §GnSer ?18 P
spheri cal Cﬁf&%&h@ fenk QhdAk $bARGRd BfRLcted tartﬂé BEwAERur&@ seh@s chi Kk edi at e

vision. This allows a variation of e fully TInterconnected grid array

| ens, whi chetpkesiradiizncegellof CQdYertsph@eﬁr rezdings ymnmoﬂtyg@thangh@meelqd itp ed

corrective opt trlcall‘y aeld grid

consi sting ‘Eme?Bﬁ%%E‘F t{‘]%a}alnﬁ%?r(?%ag%gc‘?&d( %Eiﬁ SCe tbr‘?sm%ﬁ{}) tonpri se

ei ther the [0Ra7f HoweV&YinQRrt@in dnblddithéms Bleb@ditic cff&\ﬁtry i gSudIBybuldle inkb logul ar or
non-circul ar such as, for exanple, elliptical. This configuration serves

to reduce S%&lpé@ar{sﬁgtfpgﬁ fiop therupnse o increasing the temperature of the electro-active

refractive matrix or 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 control the temperature which has been deliberately applied.

[0248] 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
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 to the

lenses can be totally contained within the front section of the frame.



required el ectro-active regions that nust be separately addressed by
conductor connections with different voltages, greatly sinplifying the

i nt er conrwoto3oposeui try. This design allows for the corre®Cirarsodi2s2s
astigmati sm by enploying a hybrid lens design. In this case, the
conventional optic may provide cylindrigal and/or astigmatic correction,
and the concentric ring electro-active refractive matri x may provide the
spherical distance and/or near vision correction. [0251] This concentric
ring, or toroidal zone, enbodinent allows for great flexibility in
adapting the el ectro-active focusing to the wearer's needs. Because of the
¢i rcul ar ZO(@4§%Weyemﬂ@dﬂleH@ of th i8R onZ fREPeGAePmal BRI 6L 60bdht hout

i ncreasing the ring and 1 nterconnect conplexity. For exanple, an
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reducing the wirin conpl exity. Conversel he pi xe It n
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zones may translate into greater confort for the wearer, since the radial
change in relfargiagupis whislesharges by Singet qugrentbihew, by wagratisdpdusHan. sy anyr adual .

O course, [ i gn et 0 I [Si [ ich are
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the required corrective optic. 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 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 refractive matrix may provide the
spherical distance and/or near vision correction.

[0251] 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



[0253] In another enbodiment of this invention, it may be desired to snooth
the sharp transition fromthe far-field focus region to the near vision

f ocus regworsiopneihybrid | enses enploying a partial el ectr@®@CaaiSovesas ea.
This occurs, of course, at the <circular boundary of the electro-active
region. In order to acconplish this, t i nventi on would be programred to
have regi ons of-1ess power for near vision in the periphery of the

el ectro-active region. For exanple, consider a hybrid concentric ring
design with a 35 mmdi aneter el ectro-active region, where the fixed focal
length lens provides a distance correction, and the electro-active region

provi des a3 AR zﬁﬂleédpn&a% CoRl AARE Gt Gl @8 of S5hAMhcAls BRLRIA! NI ng

this power out to the periphery of the el ectro-active region,
several tor il aieldr @glxchpltahrof abbratr{t3 milligetdrs.domthei atherdand\earadpptangdipéiss abl e

el ectro- actlv oncentric ring zones, W).03/ 0906 PCT/ US03/.12528 . 63 woul d
be progr am"rt‘épdl £ SrWL FLAHED %%%‘gﬁﬁntBSMgséFqﬁ%Fﬂg? JO§ 1 Pl&% (%Eflgﬁpl e,
during acti wagiiiess) Ongl ergeslt e, 8 gibfonﬁtﬁV,@o@sC??ézftE'l r&ﬁlcmg dhanpiime circle
of +2.50 add power, with a toroidal band exten from26 to 29 mm

di anmeter w mnplamtxo(ﬁcmarspldw@p ,plmmtmﬁand grseludign) Gﬁiﬂ@ﬁ dograapetl iy @d 29 to
32 di amet th
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be useful i @rdafe@\tesdﬂmgmsarmmtm@é:e maw ttdhsRtenhite gpéms(mmfoweﬁ@r ithg wexesr i ence.
[ 0254] When utilizing an ophthal m c spectacle | ens one generally utilizes
the top appiekfhede @la!/déﬂﬁlé@ Bhreiraghve H’éie’li S8 £Q51E 10 ZODE IS HARBEN AT

Appr oxi mat e rg}’ada t Q)f3 ﬁg?‘ﬁ@m D@edtlids lohB o N gy Qisih Zo&é&ﬁaﬁi Q)Hlughhgre

md-line fo fermediate |sta viewi ng and from 7-10 nm bel ow t he
m d-|ine fosﬂnmmmjdmmm&nce V|emnng [0255] Aberrations created in the eye

di f f for dist f d_ need to.b
a1 or ont |y FOR B teed ‘GE aince TR ot D EHGP G GHRREGF FELPG ey o at edl

to the specifitinedbsf iRl IRAdACARCI NiIBRECthe $HREREE! RESULSA afBRY FalldsON
created fromthe eye's optical systemw ||l need agprOX|nater t he sane

correction fdereait lis fepded.dicg teanmpls, 1fatbpﬂ©$(gmalél fpr phesesuippiosr lr@cftakm for
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near poi nt dissrancaSimitiBeahane, 1n(ﬂdievar1laﬁ®&€ l@)hb Qin adsi@vén irﬁd’y Will€ narrower
el ectro-active adjustnment of the lens to correct certai
rings at the periphery and wider rings at the center of the c1rcular 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
aliasing effect present in low-resolution systems that employ phase-wrapping.
[0253] 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
periphery of the electro-active region. For example, consider a hybrid concentric
ring design with a 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

"bands", each containing several addressable electro-active concentric ring zones,



aberrations of the eye,
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of sight noves across the |ens.

enbodi nent of an el ectro-active | ens Zggo. Wthin | ens 2200 are def
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[0256] FIG 22 is a front view of an

i ned

corrections. Below md-1line
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or
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zone could be a

distances, approximately the same correction for all far-intermediate distances,
approximately the same correction for all near-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
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.

[0256] 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. 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 provided. Above mid-line B-B, a far distance corrective region 2240
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| i near bl end of optical power reduction, or a blend that is represented by
a polynom al or exponential function. In enbodi nents where the near and
near- i ntwomadimtie or far-internedi ate powers are present PEImsos/msevus! y,
the blending zone 5420 may transition fromnear power to near-internediate
or far internediate power. In enboding ts where the near vision zone is
activated in the absence of a near-internediate or far-internedi ate zone,
then the bl ending zone 5420 nay provide a transition from near vision
power to distance vision power. In nost enbodinents, blending zone 5430
may provide a transition fromnear-internediate or far-internedi ate power
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| ocated a IMMGI & PUFVeHioL BHFALE "¥YF¢%ct i ve region 2330. [0260] FIG 24 is a

front view [\%sﬂrlnf‘a?@O P NMind O fdisBnteuig d beien OfisRoichbatctionl eoh¢soast i ve
| ens 2400. Wthin l"ens 2400 are defined various regions providing
di fferent raermatvelyecissseaed topugh mesysagifeamelgsirerpetvanblendiBg Zees-i v¥! r egi on
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[0261] FlI Ghe2billustriesirti€lesti@uectbt ragios plaoet mithin ofixahdittaece eitieci3io- dct i ve

| ens 2500. Lens 2500 includes a conventi onal I%ns Qptic 2510.fo0 which
several f ulneaf jvisiep zepepP9-1adisnsled ey 8ene 5350, 2‘6@‘3} DY/ BrOVICq R0 ar e

attached, e r Al g ' },O, ' ' ayers
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discontinuity between zones and reduce image jump by providing a smooth
transition as the patient’s line of sight passes out of one vision correction zone into
another. Another blending zone 5430 may be present between the zone 5330 and
the distance vision zone 5340. Blending zone 5430 may be of any width, but is
preferably 10 mm wide or less. In any blending zone, the blending zone could be a
linear blend of optical power reduction, or a blend that is represented by a
polynomial or exponential function. In embodiments where the near and near-
intermediate or far-intermediate powers are present simultaneously, the blending
zone 5420 may transition from near power to near-intermediate or far intermediate
power. In embodiments where the near vision zone is activated in the absence of a
near-intermediate or far-intermediate zone, then the blending zone 5420 may
provide a transition from near vision power to distance vision power. In most
embodiments, blending zone 5430 may provide a transition from near-intermediate
or far-intermediate power to distance power.
[0258] Though the pupil 5310 as shown in FIG. 54 is centered relative to the

electro-active zones, the lens may be positioned such that pupil is positioned in



the adj acent regions by insulating |layers 2625, 2635, and 2645. Fram ng
regi on 2660 surrounds el ectro-active regions 2620, 2630, 2640, and 2650.

[ 0263] RewoOrmioppit o t he di scussion of diffractive el ectroPadtiSogiisenses, an
el ectro- active lens for correcting refractive error can be fabricated
using an electro-active refractive majrix adjacent to a glass, polymner, or
pl astic substrate lens which is inpritfted or etched with a diffractive
pattern. The surface of the substrate |ens which has the diffractive
inprint is directly in contact with the electro-active material. Thus, one
surface of the electro-active refractive matrix is also a diffractive

pattern whi Chg%ﬁ%@@tﬁlgﬁ‘e%%ﬂerrg (Vlt!hnt%%ﬁ){? %IQ&EO—Q&WE NRntLOSHE YBRL 4s0dBcigbedl ace.

[ 0264] The '8¢ s as a ens, such that the substrate |ens
al ways pr eWetsredefdixed corrective power, typically for distance
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stacked electro- active regions, with different view ng correction in the
zones 5520 thaddjs&30regions by insulating layers 2525, 2535, and 2545.

[0262] 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

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.

[0263] Returning to the discussion of diffractive electro-active lenses, an electro-

active lens for correcting refractive error can be fabricated using an electro-active

refractive matrix 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 refractive matrix is also a diffractive

pattern which is the mirror image of that on the lens substrate surface.

[0264] 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



dependi ng upon which el ectro-active regions are activated, as further
described below [0267] In sone enbodi nents a far-internediate vision
correcti owoaseosmay be created. This far-internedi ate coPCaaiSoymszone nay
provi de enhanced viewing correction for objects which are too far away for
confortabl e near-internediate view ng gorrecti on, but are also too close
for particularly effective far view ng6 correction. Cenerally these

di stances may be from about 5 feet to about 15 feet. [0268] An exenpl ary
enbodi nent of an electro-active lens with stacked electro- active regions
is showmn in FIG 55a. Lens 5500 has two el ectro-active regions. Each

regi on may ovi de |f t } : ERVAR Y ion. As
Shoun i 1 FE OB o MyE bRl AR ihdfs DREGyHLEIRR: SOhEaE
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present. Alternatively, | onfy one of the two regions is activated, such
as 5565 butandnabvidsho feorreaionn(dld), dinptar)- Imthes weath, heepoven enthe supstestent over
the entire electro- active region. [0269] An exenpl ary enbodi nent of an

el ectro- actkwslt@n@‘lﬁﬁwwvﬁpg‘gﬁ internediate vision correction zone is

shown in FlGaeSWhek @tSel@Radlids réfraeting htri-NBacticaed 66lihask ¢irgpanakb60 and
two i ntermedi ate correction regi ons 5565 and 5570 all of which are

el ect r o- act thvecfeactivevhpwer ofethe i frgfttb?@l{@&e@m?ﬁo@%Pd%tli‘f?etﬁ.th?\@&wat@&qsect i on
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correction may be available simultaneously. FIG. 55 shows an exemplary
embodiment of an electro-active lens with two electro-active vision correction zones
5520 and 5530, as well as far distance correction zone 5540 which may be provided
by a fixed distance optic. These zones may represent one or more stacked electro-
active regions, with different viewing correction in the zones 5520 and 5530
depending upon which electro-active regions are activated, as further described
below.
[0267] In some embodiments a far-intermediate vision correction zone may be
created. This far-intermediate correction zone may provide enhanced viewing
correction for objects which are too far away for comfortable near-intermediate
viewing correction, but are also too close for particularly effective far viewing
correction. Generally these distances may be from about 5 feet to about 15 feet.
[0268] An exemplary embodiment of an electro-active lens with stacked electro-
active regions is shown in FIG. 55a. Lens 5500 has two electro-active regions.

Each region may provide half of the optical power for near vision correction. As

shown in FIG. 55a, one region may be smaller in area than the other, however both



optic, such as one having a power of +4.0 diopter for a patient with a
hyperopic condition, for exanple. As discussed el sewhere herein, this may
provi de awoOfoaiobesisaf e” node such that in the event of a peeErUSHd$S20r ot her
problemto any or all of the electro-active regions, a patient may stil
have di stance viewing. As a further é?nple, the patient may al so have a
vi sion problem such as presbyopia whic requires respective powers of +2.5
di opter for near vision correction, +1.25 diopter for near-internediate

vi sion correction, and +0.625 diopter for far internmediate vision
correction. [0271] In this exanple, the total maxi mum power of the

el ect 10~ 0L 4, PO OR, O D%ulCUs. MO ridh ScHbAPLR dbRRr BREtan 07 Lhe

rovi de near Vi ew ng correction, all
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sonething in the pnear-internediate range, regions 5565 and 5570 may be
i ndependent@?"%@ﬂ%t ed without activating region 5560 providing a total

power incrgagn A dxbnglardi eRbBAIMAE 8N BV Wl@Wo-a¢ctisé OlenS Ohaveed | onfaef +5. 25
diopter. Likewise, if a patient were view ng an obj ect
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L oo S o o RERME pRghEss suceel L
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egions 557]96 Srgseél?whe% only one of regions 5565 or 5570 are activated and near region

5560 is inactive. Near-intermediate correction may be present when near region

5560 is inactive and both of regions 5565 or 5570 are active. Near vision correction

may be present when near region 5560 and both intermediate regions 5565 and 5570

are active.

[0270] The far distance correction zone 5540 may be provided by a fixed distance

optic, such as one having a power of +4.0 diopter for a patient with a hyperopic

condition, for example. As discussed elsewhere herein, this may provide a “fail-

safe” mode such that in the event of a power loss or other problem to any or all of

the electro-active regions, a patient may still have distance viewing. As a further

example, the patient may also have a vision problem such as presbyopia which

requires respective powers of +2.5 diopter for near vision correction, +1.25 diopter

for near-intermediate vision correction, and +0.625 diopter for far intermediate

vision correction.

[0271] In this example, the total maximum power of the electro-active portion of the

lens may be +2.5 diopter to correct for the near vision problem. To provide near

viewing correction, all electro-active regions may be activated producing a total



of f Distance Wiol e Near Power Near Internediate Near |Internediate
Far-Internediate Condition Lens is -6mKy<+6 nm +6mmrxy<+14nm - 14mxy<+14mm
l4nmxy<- IWoms/0Biest ance - 6mMmrKy<- 14nm Power Hyperopi ¢ +4. 0 PDTAGOSDR52&6. 25 D
+5.25 D +4.625 D Enmetropic 0.0 D +2.5 D +1.25 D +1.25 D +0.625 D Mopic
-4.0D-1.5D-2.75 D-2.75 D -3.375 Ek [0273] Again the powers descri bed
in the exanple and table are exenplary %nly, as are the sizes and shapes
of the electro-active regions, which, although shown in the FIG 55b as
circles having dianeters of 12mm and 28mm coul d vary depending on the
view ng needs of a patient. [0274] The additional optical power of the
far-internmed| Leg . i i epter,
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embodiment is further illustrated in Table 3, below. The table also demonstrates the

optical power of the electro-active regions for various other distance vision

problems.
TABLE 3
All All regions on Region 5565 and Region 5565 or
regions 5570 on 5570 on
off
Distance Whole Near Power Near Intermediate | Near Intermediate | Far-Intermediate
Condition | Lensis -6mm<y<+6 mm | +6mm<y<+l4mm | -14mm<y<+l4mm | 14mm<y<-14mm
Distance -6mm<y<-14mm
Power
Hyperopic +4.0D +6.5D +5.25D +5.25D +4.625 D
Emetropic 0.0D +2.5D +1.25D +1.25D +0.625 D
Myopic -4.0D -1.5D -275D 275D -3.375D

[0273] Again the powers described in the example and table are exemplary only, as

are the sizes and shapes of the electro-active regions, which, although shown in the

FIG. 55b as circles having diameters of 12mm and 28mm, could vary depending on

the viewing needs of a patient.

[0274] The additional optical power of the far-intermediate region may range from

about 0.25 to about 2.0 diopter, preferably between 0.25 and 0.75 which represents




may be positioned as the proximal-nost electro-active region to the eye.
Regardl ess of how the regions are stacked to create view ng correction
zones, pewbosmearsee of the zones may be unaffected. [0277]pCirrusg®i2sasnot her
exenpl ary enbodi nent, near and near-internediate vision correction may be
provi ded by a single electro-active regégn. An exanple of this enbodi nent
is showmn in FIG 56, in which regions 5550 and 5570 nmay be stacked upon
each other. Region 5550 may provide both a near and near-internedi ate
vision correction zone. In this enbodi nent, only one of regions 5550 or
5570 may generally be activated at one tine. If region 5550 is activated

and regi on abdifl 309 BOthe Ak-imdin@Miaté PEwkEVPhiRYs REAMbIRYRNt RAE of the
near-i nternedi ate vision correction. A near VI sSIl on correction zone 1S

produced f oPrasgidpadniear iser Powkss. pdntadditionpl adwantage of veni aslditiqmabsiadiesl f ul |
power, in thj X A . re f irel e havi a.6 mmradius. A
near-inter n'ﬁé&%g?é@t’ﬁér@g@m!}g%ﬁ% glﬁ%&i’eg% 5%8% ueed r&f% PV%%B&Q?W OABLEH Phe
portion of fdtermddens chartioflipogennhy farigtehRsBae poear niagtb@raﬁﬂfﬂiiv@'ft@ cRawer, in
this exanple, the area of a WO 03/090611 PCT/US03/12528 70 circle having a
14 mm radi u$, Sﬁ‘i?‘}ﬁjéle%dé?ré‘a SBPNE eATEUPrMALAIQPORSY r ect i on zone. _

A Lernativelyrs) RebRE!55B°S5ds allP 56 IhafAhRhe BlllsahV e 3Py MaRHd vat ed,
the lens may provide a far-internediate“vision correction zone. in

ot her enbodidiféatrg sizey.i Buiha gaseuif stadkeddledtheaive et gionawhénval fire Qif GHrSsarrRy
provide a far vi ﬁﬁgg correction _zone with an optical power of the fixed

di stance opf*. 2 gL PRSI DR &lesires Retweds pestp @ﬁarr’é‘fﬁr@ﬁ@ia@f toy g
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may be of any shape, such as substantially rectangufar, for exanple, as
shown in FI Groggh aAéxedhephis. ithe omly shlensliegrmiachy meydwddesimble i dtdm tthe farear

Vi Si on zonereSZ(grp 0atgd 1@ tsrg)%n .zone. 5730, Wn.it.ch. gﬂ(}/ gr ovi de .near-j.nternedi ate
and/ or far PSRBT SIEETOPEI EHCEIP o g HI RS UOMIRE 4108 Psal BT FRERedipe e sane
si ze as di s¢usisrRemeahioe dire tofar.substantially rectangul ar. The corners of

the rectangles may be rounded. In this exen‘gl ary enbodi nent, the near
vi si on zone [&2780 lshguiddeappiaciagedthni the pedeg pi theregianod?601 §56fmand §670 ishus
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zone of the eye, it may be placed in between regions 5565 and 5570. Likewise, region 5560
may be positioned as the proximal-most electro-active region to the eye. Regardless
of how the regions are stacked to create viewing correction zones, performance of
the zones may be unaffected.
[0277] In yet another exemplary embodiment, near and near-intermediate vision
correction may be provided by a single electro-active region. An example of this
embodiment is shown in FIG. 56, in which regions 5550 and 5570 may be stacked
upon each other. Region 5550 may provide both a near and near-intermediate vision
correction zone. In this embodiment, only one of regions 5550 or 5570 may
generally be activated at one time. If region 5550 is activated and region 5570 is not
activated, the lens may provide near and near-intermediate vision correction. A near
vision correction zone is produced for looking through the portion of the lens which
provides full power, in this example, the area of a circle having a 6 mm radius. A

near-intermediate correction zone is produced for looking through the portion of the

lens providing only the lesser near-intermediate power, in this example, the area of a



t he descri bed di nensi ons. However, the dinensions described are exenpl ary
only; other sizes and shapes are possible. The el ectro-active regi ons need
not be cwoamanbosical |y stacked, and in some enbodi ments i Ccrasobesdesi rabl e
to offset one or nore of the electro-active regions. [0279] Electro-active
| ayers that use liquid crystals are bi7ﬁefri ngent. That is, they display
two different focal lengths in their dhactivated state when exposed to
unpol ari zed light. This birefringence gives rise to double or fuzzy inages
on the retina. There are two approaches to solving this problem The first
requires at least two electro-active |layers to be used. One is fabricated
with the el.ectro-actiy | e: i i Heah | dbrieftiddheodeayer ,
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| ayer; thugiedh@velRliERybes558lis goretivatbd) buhyemis 70l iapetiatads thsrlerfoganal t o
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an al t er nagénéevittesi gnicahpowdrof thehisxedahstancelopfier of the lens is a

doubl e-sided plate, i.e., with identical .diff i e d on

bot h si des[027§] Althoyeh, the \Y@%tcgfrieé}foni HNER O%ﬁg% eegggfrﬁ?aﬁl %@@&%%m ot h
sides of the. Gl flrePlr@tBownaRSafdul, thealegioReiniayabe @finmytshape, esuoh tahogonal .
Then a cover superstrate is placed over each electro-active refr@%ti ve

matrix to edmstaatialy rectatgukrpfovizaapla asi erar indEIG.gp/- (AnshSTher itHSosi ng

two distinct electrg-active/diffr e | t boraemo, Rhigr -

[0281] A dF¥gRRlae Qﬁgfl?fg%&éh}een%gﬁt {rq\él@n(%ﬁ%@%gzﬁﬁg \gﬁ?:lﬂo(l) esteric liquid

crystal t Orﬁa?e 09l RC héR-imethathatevir@Vdratar t integinediatet visidnathyeughhimmaiiple

conponent . | as been found that a certain Ievgl @% chi r al gonCﬁntrati on
© SURENGBVY At

el i m nat es stableedi 29nps ofrtle saNaFiZe 48 ABAISSEHANVEVIDEY) | LEMHE need

for two el ectro-active | dBe MR Hifis bicdhblghyCenvisddahends thea
conmponent | ©ERECR %Pé %%ﬁﬁ?%%ﬁ%ﬁ% . [0282? Téallrlﬁni (r;]% now to the
mat eri al s wsadvikion zbhe 5@ atay heartioiy® nhiayie rheighk anglabeutolfd manvédd, Ausc| asses

2011 veref HaBRE o o1 3boUn i B 0% hEoTs LoDty Ko Ehvlran ARGV ReEq”

bel ow. QO hef, o §Amm high, thus having an area of about 784 mm square. Zone 5730 may
have a useful height of approximately 10 mm when used with a near vision zone of
the described dimensions. However, the dimensions described are exemplary only;
other sizes and shapes are possible. The electro-active regions need not be
concentrically stacked, and in some embodiments it may be desirable to offset one
or more of the electro-active regions.
[0279] 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
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
Jatitudinally 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
length.



the liquid crystal materials listed belowin class I, we generally refer to
each of these classes of materials as polyner gels. Liquid Crystals [0283]
Thi s cl aswoimopasdes any |iquid crystal filmthat forns nemaliusps/sasesti c, or
chol esteri c phases that possess a |ong-range orientational order that can
be controlled wth an electric field. anpl es of nematic liquid crystals
are: pentyl cyanobi phenyl (5CB), (n-oc?yloxy)-4-cyanobiphenyl (80CB). O her
exanples of liquid crystals are the n=3, 4, 5, 6, 7, 8, 9, of the conpound
4- cyano- 4- n- al kyl bi phenyl s, 4-n-pentyl oxy- bi phenyl,

4-cyano-4"-n-al kyl - p-terphenyls, and comercial m xtures such as E7, E36,
E46, and t ljg280} IThseEireBe BR@enpi¥hddby sicply Elaélﬂn%)fhbgt\#@@&ﬁbg&ﬁﬂ?iﬁh ned

El ectro-optic Polynmers [0284] This class includes any transparent optical
pol yneri c relacEpiaglive layprs£5 by agdierngtive dessengini \ﬁhmlpmascre@mr Ipres pbheilers of

Pol yner s 0 3/ 12528 72
InstltutekggggﬁysFéﬁ%dﬁ%mgbEyh&ﬁhNﬁ%ﬁ&h%®g%¥£%%ﬁ@g§%|%éhé?xégﬁgsm% avi ng

unsynmet r i @éctipedodive 2ededri vigat gldcdd i@l 2tdyenos Hoet wided of tltoceter gilgte an
acceptor group (referred to as a chronophore) such as those disclosed in
"Or gani ¢ NGRYULRg dhat thsif alicaments a5 Plalll%onblyT@?p a e gEpeEstEate iy placedevefon and

Breach Publ 1. é%gset a CEF(?IHB r | ows:
pol ystyr eneehahgg t%a nge:f% ftke fn%& hy met hacr 18 {&%M%‘% igﬁﬁr@?fg&a?s zol e,
pol yi m de, thmi y@emm;@mngEbvmmlhmctoélecﬂn—mmydlffe&uw dayeparoaniopr olaeadh ne

(PNA), disperse red 1 (DR 1), 3- nethyl-4-nethoxy-4'-nitrostilbene,
di et hyl am 61t r osti | bene (DANS), diethyl-thio- barbituric acid. [0285]

El ect ro- optjpss19 A UiR:SntCARrREVE FQRHEEEDW add) a El%lés@éﬁd‘ﬁqﬁd QHREN b et
approach, b) by coval ent incorporation of the chronophore into the polyner

( pendant aw&wﬁaﬁmutmamﬁ¥wlahew©nt%ﬁwgydmaﬂmpuwohaﬁdﬁﬁmﬂ@e@pﬁnmédhﬁglsuch as
cross: L1 Sy 160 TRl M S il 035 T AP StiRy 0L 1
crystalli nana@bylm $he M@ FHOWRCIMCRD- 4TSS lalyb i Wi Bufely Sérahtss ligied Erystal as

a component in the electro-active material.

[0282] Turning now to the materials used for the electro-active layer, examples of

material classes and specific electro-active materials that can be used for the electro-

active refractive matrix and lens of the present invention are listed below. Other than

the liquid crystal materials listed below in class I, we generally refer to each of these

classes of materials as polymer gels.

Liquid Crystals

[0283] 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:
pentylcyanobiphenyl (SCB), (n-octyloxy)-4-cyanobiphenyl (80OCB). Other examples
of liquid crystals are the n=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.

Electro-optic Polymers

[0284] This class includes any transparent optical polymeric material such as those

disclosed in "Physical Properties of Polymers Handbook" by I. E. Mark, American



reinforcing polyners, in situ-conposites, and/or nol ecul ar conposites. PLCs
are copolyners that contain sinultaneously relatively rigid and flexible
sequenceswouwslvoeas t hose di sclosed in "Liquid CrystallinePRaluyso#i2528 Fr om
Structures to Applications” by W Brostow, edited by A A Collyer,

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

pol ynet hacryl ate conpri si ng 4-cyanophenyl benzoate side group and ot her
simlar conpounds. Polyner D spersed Liquid Crystals [0287] This class

i ncl udes pol ymer dispersed liquid crystals (PDLCs), which consist of

di spersions of liquid crystal droplets in a polyner matri x. These materials

can be maggiihie SEN SPRksicdRWoodbutryDYNMEMRL 995, Chénthihinge anoladulgnedvilases
(NCAP), by thernally induced phase segar ation (TI PCSR, sol vent -i nduced
phase sepapasyingnetric8| Ryrizedrepnpighiedenr Flearonsnbatyvae adloppnged g8 paeeqlon

PI PS). Exanpl f Cs © i xt Liquj : k
nd Nones - ERDIP Grterest Boiict oo i by Plast Wl 1 30 e Nk G
pol yret hy| apkibaic nhelias'( RYWMRL. BE&s83109061] B6RoWSAad 1BR2Aeh Fidlishettur es of

E49 (BDH Merck) and PVMMA; m xture of the nononer dinfg)ent aerythrol hydroxy
pent a acr ylAaesierdamguil@9% r igtamplesy | ofN- ROINRISy r 1181 | ori@LoONS: pRRINSIVERGci ne,

and t he dye i L I, (AL ] Thi s
cl ass incl gagggt%(%&’;&fgfg@lg?g@& %@%@fﬁ@%h%’@gg‘ﬁaﬁ%&f %{%gﬁdé’vﬁ@%ﬁ%ﬁe
mﬁt eri ?I S Eainplensi c$11‘orﬁ(ﬁ[|)lﬁ)rési éﬁﬁii phrafg%;eirﬁlind _(Pl\ﬁApa?gpme etk 1D,n3wh: chA
t he polyner constitutes |ess than 0,by. wej ght... 0 [ stal .
phot gpo%/y nﬂqﬂiﬁé{tﬂ'@ethﬁﬁﬁ‘&ﬁ@r“qs%ﬁ’ﬁ‘i‘%( ety ﬁ?&%tg%ﬁil{bﬁn%t(‘BMﬂ&Eg'yﬁ%ﬁ" and an
WV pol ynerinaﬁJtitiuH?aiziai tiator. After the liquid crystal is aligned, the

of t

pol ymeri zat'1 on e nononer is initiated typically by UV exposure and

t he resul t i[0285) dlsameroptice ablysices et visr lpradvaed diyabd)l fgdkesving hie guegj(hiost

crystal. For ex es of PSLCs, see, .for [npstance: . M o | .
Op%/i cal St @BP‘@@abnﬁ’)AﬁW s 8‘?"@3%%}“?@?%}1% ‘?tjn o VREIP g?rgbllqtylz&gigj é_l)lléﬁl}?rg
Crystals, (é&ﬂ%ﬂ@éndo&a{&l%a@,cwd& & ¥y 1bitice haRichg dpsdalchas, sueblas chdss, 1- 5,

(1997), G P. Wederrecht et al, Photorefractivity in Polymer-Stabilized
Nemati c Li dukthgCrystals, J. of Am Chem Soc., 120, 3231-3236 (1998).

Sel f - assentiio?‘gmengﬂidurf&@rvﬁgpsr anol ecul ar Structures

[0286] This class includes polymer liquid crystals (PLCs), which are also sometimes

referred to as liquid crystalline polymers, low molecular mass liquid crystals, self-
reinforcing polymers, in situ-composites, and/or molecular composites. PLCs are
copolymers that contain simultaneously relatively rigid and flexible 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,
Chapter 1. Examples of PLCs are: polymethacrylate comprising 4-cyanophenyl
benzoate side group and other similar compounds.

Polymer Dispersed Liquid Crystals

[0287] This class includes polymer dispersed liquid crystals (PDLCs), which consist
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.
NJ); mixtures of E44 (BDH-Merck) and polymethylmethacrylate (PMMA);



[0289] This class includes electro-optic asymetric organic filnms, which
can be fabricated using the follow ng approaches: Langmuir-Bl odgett fil s,
al t er nat iwg o3padéyel ectrol yte deposition (pol yani on/ pol ycatCanjsos/1ases aqueous
sol utions, nolecular beam epitaxy nmethods, sequential synthesis by

coval ent coupling reactions (for exanp#e: organotri chl orosi | ane- based

sel f-assenbled nultilayer deposition). These techniques usually lead to
thin filnms having a thickness of less than about 1 mm [0290] FIG 29 a
perspective view of an optical |ens systemin accord with anot her
alternative enbodi nent of the present invention. The optical |lens systemin

FIG 29 isnkhaen a5 E99t IBDHMAL) ORhi CIMIENS B3R Nk AthoAbieF
perimeter 2910, a |lens surface 2920, a power source 2930, a battery bus

2940, a tr ahrqmdacaythrad dydixsopenkiu sery s diquid enistal di7, eV-vRDbey radidpig HY-
emtting di . ihat § | j ght detector 2980, and an
el ectro- actq%ggyléggggb?}%tggﬁgé 15?% ]%’En%'ajégi on 2990. In this enbodi nent, the

el ect r o- actPolemeeStabilizedd iqaid Cxystf90 is contained in a cavity or recess
2999 of the _optical [ens 2900. WO 03/090611 PCT/US03/12528 74 [0291] As
can be seed0288]ihis sias¢ dnclydes polymerssighiizedeliquid gy nls SRS, mdyictharel aced

in a wde L SHR o I : rs. In
use, the e et%:lt?érl%t%f(t:tc Ive ?)g%ﬁﬁggﬁ/rgg%? ragﬁ%g%ﬁ%woﬁg}eﬁf@gg ﬂ%@%gﬁgﬁ be

f ocused andoositttes|léssdhainyl 0%hby coighitodl tie 12860 crystalmpr pvaopdigmetigabtn of a
user. This control.ler 296 [

0 ) . f th ower source 2930
via the trdRYPPArent %‘itg&yvﬂggaegg‘l?}é%rgg?g%{?‘éﬁgg&.@f’g@%ﬂéﬁt&msmgﬁ&rs vi a
the transpas @t ihe HAUCLQStalSaIZARE, the PoYGizatias 'oéltt?@ﬁlgglﬁﬁﬁm&ﬁnt?ﬁﬁg-seThe

controll er 2950 may confrol these conporients as we ers viat
buses. [ 029gpicalheby Piynexpiosute agd preapariting polfimertieates o naotark ¢hat ethbidices ve

matrix 299 .refract. light .passi through it so that arer of the
| ens 2900 &%@”ﬁégdaw%tgl[ fogggam}?lg%agkgﬂpﬁ,abe&?qrﬁ%%cﬁ: tﬁgdeﬁ@\é\?%@ta%ti ve
refractive Omical $t28&00f Petudpict Netwdld i FolyRASSEMEL&M fuid | @ysidQ, 1 S

sel f-contained, the optical |ens 2900 may be placed into various frames
and ot her Japwal tof theyecietyofnghlnferawsion r Rifplayarielodier - Sudp¥Ps G.nBy not

cont ai n spegt i r ol t the. X [,Q293], As
noted. t he Y ipREe B Eper RS ARERIRER! Polbih: SEH AR NCHTS STuug BlSHer o1 1 er
2960, and gdowvkAns QhemeSaO3[P0aB23 103236 @02l ed to one another, and to the
el ectro-

Self-assembled Nonlinear Supramolecular Structures

[0289] 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: organotrichlorosilane-based self-assembled multilayer deposition). These
techniques usually lead to thin films having a thickness of less than about 1 mm.
[0290] FIG. 29 a perspective view of an optical lens system in accord with another
alternative embodiment of the present invention. The optical lens system in FIG. 29
is shown as containing an optical lens 2900 having an outer perimeter 2910, a lens
surface 2920, a power source 2930, a battery bus 2940, a transparent conductor bus
2950, a controller 2960, a light emitting diode 2970, a radiation or light detector
2980, and an electro-active refractive matrix or region 2990. In this embodiment, the
electro-active refractive matrix 2990 is contained in a cavity or recess 2999 of the
optical lens 2900.



active refractive matrix 2990 via various conductor buses. As can be seen,
the power source 2930 is directly coupled to the controller 2960 through a
t ranspar ew0D o3ogmwduct or bus 2950. This transparent conduct ®CTHI$83/12528
primarily used to transport power to the controller, which nmay then be
selectively fed to both the |ight enit%&ng di ode 2970, the radiation
detector 2980, and the retroactive refractive matrix 2990 as necessary.
Wil e the transparent conductor bus 2950 in this enbodinent is preferably
transparent, it may al so be translucent or opaque in alternative

enbodi ments. [0294] In order to assist in focusing the electro-active

refractive [0291iAs AR, sedn,|thiWpticMbist dy@ntis Qer-cdRhtheantd nagdi st hiasegdet ect or

2980 may work in conjunction with one "another as a range finder to help
focus the éRactide vadety\s spppariscinfludingmyeglssobanes @k pharepomnbeysey s bl e and

invisible |j o t . f e LI emtii di.od 2970.. The
reflection e(ﬁ) H%’h@%%ﬁa? tg}ae ’hgtglﬁ‘t@%gl?k pﬁelﬁn%%goger{l@f:ﬁ’ee%%kﬁ/edtaﬁg Cf')'éta?lgetdi on
det ect or 29%§0thanrdniidljer RI6Ortatigpeovei B8 afisibden ki sgi. Mhid badtrdller R860 $@3s€d the

reflected WO 03/090611 PCT/US03/ 12528 75 |ight beam Upon receiving this
signal , t hé®eEdYet PAYSTdFom YroPowe FOEEse| 2934 Vidbills tmspareriecongdeetps,bus 2250 nay

determ ne the Histante (g PREGIS e ﬁ‘ﬁis?%rte{n}_l@%\@(fu%to?fblfsh%%()d%ﬁhaﬂ?ee’ the

controller 2960,” previously progranmed w e proper optilcal conpensation
of the useadiatmaydditmor 2030eThe eostiaiieal2850 haly cantrolvtht® ddigpoRkms tak Grelict | Ve
refractive matrix . 2990 to allow a user |ooking through the optical |ens
2900 to vi AVFhEAMSERYsSSr i mage nore clearly. [0295] In this enbodi nent

the el ectr qozuel)iwged ﬁjﬂca_sﬁihgq)lrgpérrﬁ *he? 3RCtrb-SctHNAOWIraB v mafiiy Qb?oe W a 35

mm di ameter, and the optical 1ens°2900 is also shown as a CifcC this
tinme with aeivet fighidpassing dhronghitsodkattaewedrenet thhilaki2998 mdy pahlot st el y 2

mm I n al t.ernati.ve enhodi ts,, however, the .optical s 2900 and the

el ect r o- act PVES H@Fg%?gﬁrﬁ)/g%er F;?Ct%@?ﬁu‘f?ai;e chgggﬂgatﬁlén#%u é‘?‘fa?sr‘? er
standard anrgtiednersisgseardd Elsha@meﬁrudm&ﬁxzea,smelo?tieﬁqéhs@obhﬁa%ﬂoeaﬁlh&rdn ative
sizes and orientations it is nevertheless preferable that the ‘position and

si ze of thdnte]veBeyolapes aad qtbarsupparirecYrit thpyetvibow fmmessundtothdisupportsser of
e Syt e SO AR AN e € oL
t he opti call0293}s\s28806d, thy lipkt qnsiidg diodel 2070,atatiiation detector 2980, controller
2960, and power source 2930 are each coupled to one another, and to the electro-
active refractive matrix 2990 via various conductor buses. As can be seen, the power
source 2930 is directly coupled to the controller 2960 through a transparent
conductor bus 2950. This transparent conductor bus is primarily used to transport
power to the controller, which may then be selectively fed to both the light emitting
diode 2970, the radiation detector 2980, and the retroactive refractive matrix 2990 as
necessary. While the transparent conductor bus 2950 in this embodiment is
preferably transparent, it may also be translucent or opaque in alternative
embodiments.
[0294] In order to assist in focusing the electro-active refractive matrix 2990, a light
emitting diode 2970 and radiation detector 2980 may work in conjunction with one
another as a range finder to help focus the electro-active refractive matrix 2990. For
instance, visible and invisible light may be emitted from the light emitting diode
2970. The reflection of this emitted light may then be detected by the radiation
detector 2980 and may generate a signal identifying that it has sensed the reflected



| ocations of the optical lens 2900. It is preferable, however, that any

| ocati on chosen for these individual conponents be as unobtrusive to the
user as pooIBloh@11In other words, it is preferred that tRETAISOs/ SRS
conmponents be | ocated away fromthe main view ng path of the user.
Moreover, it is also preferred that tggse conponents be as small and
transparent as possible to further reduce the risk of obstruction to a
user's line of sight. [0297] In a preferred enbodi nent, the surface of the
el ectro-active refractive matrix 2990 may be flush or substantially flush
with the surface of the optical |ens 2920. Mreover, the buses may be

positioneq; n%hl@ bedlE. UFISeALiONG this sashial) SheddontrbBer 2969, cqilftﬂjllﬁig]i)m@ obtttesé r om a
center poi By positioning the buses in this fashion, th OJdenses may be
rotated i nactinities, meyppetetmsing sheatlisnce frs ipseidici ghjechehWarecfdRisgHSRRE; v e

orientatio s_can r design
need not tgF \‘Rﬁ&t\é\ﬁ rz?%(flpﬁ%?}lspy W%gﬁe‘%uh %9‘5 ﬂ% eﬁp?-opérhmgn Cﬁac\%/) I Sﬁ%qloggf? t he °
conponent sy,ahR@Infy thdm r@rdws A4S ithidt @G@@htﬁtmrﬂjecmrolﬂzmlﬁwa gefodctivhendténs 2900,

the radi ati on det ect or 2980 an WO 03/ 0906??} é 03/ 125[3 O; he l'i ght
emitting dISt%)etozglle haver lookingpbequehdhe @pbsAl dens R Vi SEE 50 °

Nevert hel ess ol leQﬁgferred to set as many, if not all, of the various
conmponent s; gglnaﬁ{a idi us of the lens to minimze their obstructiveness.
Mor eover, [(1295]Shﬁih$63embd5cﬁ1fnemr thd ddvato-dchiee lefsactive otdtiex w%métqmaMt eri al

be accessible fromthe outer erl pher hat d| vi dual
conponent scigdle @ 3 éﬁ@rﬁféi}argge ]§ee tlc"‘I: ?‘8b§é§ja§? 0 ar%%&

necessary I Ot Qﬁth%dﬂf‘nm (filraﬁl%telr GRS a QURBr lohs TiR&nbRNE abgﬁmrbaeny mlghed or
edgedtofl a partic rame hi s acceSS|b|I|t(¥%$% i ncl ude a direct

exposure t hﬂnﬁnﬂuxesemtmduhemth,ehdwr,atbe wetital denshd? et letdaGivar t he
surface of the erl e and n reacha t he
[ Ozgge]frapp MgHIX é&%@ gelfei %%ﬁ’ ure% . th& §aRERE 5{1@5619 )Qtah M8

| ens. W Of "a lens systemin accord with

anot her akﬁaﬁywéﬁd M%seﬂp&@hr&ﬂles@mtérh@uwm mhd iorigatatibmnit 1s|.110k1e1;thdld5ﬂs
enbodi ment 9, this enbodinent al so shows a | ens %%é)hat may
be used topmﬁfrra@ctthatrthfr pptideieand pige O& theaplestinsactive dpiraftivg rﬁ z °l ens

o o L A Wiy P G S50
3030, a tr gRsiryGeiNe &ﬁﬁﬁtfv@lrha&ﬂxaeﬁ@pomnneféretlcrw active refractive matrix
3090, and ?n29% tTlhg %lthelrecgfnpgggn(%s 1rﬁ%hecgpr%1cale lens 92506 rr‘na'?t' 1% pgs(fﬁoneﬁemco?ﬂérr ol I'er
locations of the optical lens 2900. It is preferable, however, that any location chosen
for these individual components be as unobtrusive to the user as possible. In other
words, it is preferred that these other components be located away from the main
viewing path of the user. Moreover, it is also preferred that these components be as
small and transparent as possible to further reduce the risk of obstruction to a user's
line of sight.
[0297] In a preferred embodiment, the surface of the electro-active refractive matrix
2990 may be flush or substantially flush with the surface of the optical lens 2920.
Moreover, the buses may be positioned in the lens along a radius of the lens
projecting out from a center point. By positioning the buses in this fashion, the
lenses may be rotated in their supports to align the buses in their least obtrusive
orientation. However, as can be seen in FIG. 29, this preferred bus design need not

always be followed. In FIG. 29, rather than having all of the components along a
single bus positioned along a radius of the lens 2900, the radiation detector 2980 and



3060 is positioned along the transparent conductor bus 3050 between the

el ectro- active refractive matrix 3090 and the power source 3030. As can

al so be swenswhwsi1range finder 3070 is coupled to the contcaluses/13860 al ong
a different conductor bus. [0299] In this enbodi nent the optical |ens 3000
is nounted and supported by the frane7 010. Furthernore, rather than
havi ng the power source 3030 nounted on or in the optical |ens 3000, the
power source 3030 is nmounted on the nose pad 3080, which is in turn
connected to the controller 3060 through the nose pad connector 3020. An
advantage of this configuration is that the power source 3030 may be

readily rephaGglt emitiog "ao@eBIAS Ha® Wekh hos[tHa8®lonFhéa-ratlall Busds PBBEPECE i Ve
view of an alternative lens systemin accord with another enbodi nent of

t he presentNavakalessoi .is prefared taget tay anavn il oot Al of 180 yageusagemBnes, f r ane

3110, condygti v J , ctrI.0- Lve. refractive rix 3190, . optical
| ens 3100, LA’?Orngrrag r@?‘zsmg%rﬁl%hlgﬁ% g({/v&rp@rrn@%é gtfgrog)bsgﬁlg&éﬁnaﬁsaIrm%):rg(ﬁ\éeﬁtfjtolls sal‘%?180 are
| abel ed. Rakdfefred e thobos ion Biiidtecondnétivel materidll Be ABcakbI fBinntHehutemt i cal

| ens 3100, WD 03/090611 PCT/USQ3/ 12528 77 as shown in earlier enbodi nents,
t he cont r olPFEPhesy ghthedenswdhattbe frdbvideslcampppes olthe densTRrsbeeisessst er 3160

i's coupl ed c%f?tr&lﬂ:ﬁ ot pRschRaRAll ﬁ@ceé@a\%\}; 60 1€ eé@%}%ﬁ the AR %ver ﬂ][ﬂ?é’ﬁﬁs gignal

conductors 310 that "are positione thinth umen frame “stem 3130
of the frabeeBdithedaordpeditoddit 4 partitdarcioarhe. Alhlieacc8kalityimayt ineluge hajred170. By

pl acing the control]er 3160_gn .a strap 3170, a user's prescriptiqgn can be
Carr1 od wi Kbty B RE Rt Ty Bescin ! perRiapstinme e Hp Y GRESHS | ng ¢ he
strap 3170 f@ﬂﬂletepbﬁ&ih@ﬁ rédch#81¢ QiadhedblrR{dddhio/Re idn@m™ t0 be worn by the
user. [030 FIG 32 is a perspective view of a lens systemin accord with

anot her al[éﬂ’rsﬂftl‘i}véoeiﬁb@@bmemtivof vieWeoh relsentsystemeimt panord With finather 3210,
as well as _the ..electrp-acti refractive. matri x,329 t he optical |ens
3200, and eHETi PRI ERRET o Be iR biiTiol bk s senbodimenf WG 22en | 1
FIG 32. | it kh®oeitiadaerhowt Adeld §¥em Gl thR Y el Yo icBHBENH infprenEes

si gnal conductors 3280 that may be accessed from any oint along their

| engt h suclihe Fedactive eFerert onseanbheplonk ystey ob&I@eddincjudss eviramel 308, a he
comnancrt i BAER pLE P00 BARLHL AR SobPll OP RUHALYIT  D
of the opt 3080, d preer sQRBO303() e traadiiednt borgratiey 3060, ahkkciro-acivd i@fbictivee
internal f rrf'liartrgx %i()g&aelmdca?nng;t%a? ésns33%%8. As can be seen in FIG. 30, the controller
3060 is positioned along the transparent conductor bus 3050 between the electro-
active refractive matrix 3090 and the power source 3030. As can also be seen the
range finder 3070 is coupled to the controller 3060 along a different conductor bus.
[0299] In this embodiment the optical lens 3000 is mounted and supported by the
frame 3010. Furthermore, rather than having the power source 3030 mounted on or
in the optical lens 3000, the power source 3030 is mounted on the nose pad 3080,
which is in turn connected to the controller 3060 through the nose pad connector
3020. An advantage of this configuration is that the power source 3030 may be
readily replaced or recharged as required. 4
[0300] FIG. 31 is a perspective view of an alternative lens system in accord with
another embodiment of the present invention. In FIG. 31 the controller 3160, strap
3170, frame 3110, conductive bus 3150, electro-active refractive matrix 3190,
optical lens 3100, frame stem or hollow lumen 3130, and signal conductors 3180 are

labeled. Rather than mounting the controller 310 on or within the optical lens 3100,



and provide both power and information to control the electro-active
refractive matrices 3290. Section A-A of FIG 32 clearly shows these

i nt ernal Woag®Isiilgnal conductors 3280. In an anot her alt@cCmatSoyes528
enbodi ment, rather than having two internal franme signal conductors 3280,

only one may be provided within the fr | eaving the frame itself to be
used as a conductor to facilitate the transport of power and other
information to the conponents. Still further, nore than two internal frame

conductors may al so be used in an alternative enbodi ment of the present
invention. [0302] Moreover, in another alternative enbodi nent, rather than

having a si agblowr miéaalieruisbodROest the dokiRger @ﬁé@ﬁ%& ¥ nfﬁbﬁr'géd %ﬁtoi%hﬁ%gf rame

signal cond ors.a conductive |ayer may, instead, be use
al ternati veg @rﬂ) $rEPRIoLeR 3460 dopriidad toethie sjentrormyive avfeactiak Imafix t4ieol ens or

only a port §@8uddfsi referred embodinent it will be
transparent an c%%%‘; C"to ﬁgli'é%r% irBrlg tPg[n%e 0 Sﬁﬂoﬂ‘?cﬂ'?vitgmnﬁ\esli‘m Spnens §ame at ed
with a boungemyl3p of He frayes 1 10Mentvel ® tha¥aitrdiBr Y8 viaiiest a@%’%@? B¢
access poi nﬁl% .al gng t he e;,%l%rd or perimeter of the |ens may E I'ncreased by
WO 03/ 09061 ‘BE%&I%ES%‘F?E%I 8 Pt 7Ag2 bees's ngpfemptlmll ¢anda§maneard wahi phery
i n nore thathenNBomoRas | r I Sc: r may also be

e o P dan) Stseh tycrime® BhodiPlnd o8 s peraendy of

conpartnental i zed into 1ndividual su ~“pPuf
pat hways beRlagiB@itionto avjteresive fimniegn e angn bheheapeponents within it. ~[0303]

FIG 33 is r j ve expl oded view of an optical |ens systemin accord
with anot he@sgﬁtlilreﬁgjl ve ae?f%%?&?ﬂsé%ﬂ”eé}‘f O(f[)t?e?eﬁlse%’éﬁ@fn it weeartl owith lanofieG. 33,

an optical aleansivé3dbodanend f SBE HridbhtNindontfne ' refractive matrix
3390 and an _optical toroid 3320|.i')rl n this gJ#bo F%eﬂlt% ?%g&ra&w%&awge mat ri x
3390 has bedifU9FsHYe sefeastivaunatin 329@ thpopticd] lemr3nod, 332 theaimetrbdGrmecur ed

to the backg; i I 330. .| o) ing, the optical toroid 3320
forms ar ei::s é%{sal gé}ﬁi(l:l S@H §/§¢Oh cgﬁéllgogcﬁge%fn F R@ %%&‘ S emt@ﬁgn%{s@etfmpport :
hol d and ccil@icontaine ietmat framexcdipng coRfucRRS B R b33 Mssed FGLAN! S

optical lens.sy ter&lha been assenbl ed, the front of” the optica #8ns 3330
may then bé’oﬂfﬁlag“é‘é L8 ueh dhat infarmatienead power emy dd realifyprbvidged gonf i gur e

the opticahe b&n r;%)ﬁgst Ser. i.fhc refractive and optical needs.
Consi stent wi t h P? he a%?\?tg% ng%idl?fﬁr%ﬁ%@?%%ﬁ;éﬂeesfeo?tl ottatps 1Petﬁ? defey e

matrix 339G2hGyintaten wrads,acgdrdiasset tagosiaoh b tHeaddfaPbidTHI BK&HHRA WiSi on of

er. [O . i s another exploded view of an alternative
a us [ %gﬁé’ttﬁele I‘Cj’dla}l)’ éus may be able to contact the internal frame signal conductors 3280

enbodi ment

and provide both power and information to control the electro-active refractive
matrices 3290. Section A-A of FIG. 32 clearly shows these internal frame signal
conductors 3280. In an another alternative embodiment, rather than having two
internal frame signal conductors 3280, only one may be provided within the frame
leaving the frame itself to be used as a conductor to facilitate the transport of power
and other information to the components. Still further, more than two internal frame
conductors may also be used in an alternative embodiment of the present invention.

[0302] Moreover, in another alternative embodiment, rather than having a single
radial bus connecting the refractive matrix to the frame signal conductors a
conductive layer may, instead, be used. In this alternative embodiment, this
conductive layer may cover all of the lens or only a portion of the lens. In a
preferred embodiment it will be transparent and cover the entire lens to minimize

distortion associated with a boundary of the layer. When this layer is used, the

number of access points along the exterior perimeter of the lens may be increased by



present invention. In FIG 34 an optical |ens 3400, an el ectro-active
refractive matrix 340 and a carrier 3480 can all be seen. Rather than
usi ng t hewpasopmias in the previous enbodi ment to hel p orPCEALSOY/Is28

el ectro-active refractive on the optical lens, the electro-active
refractive matrix 3490 in this enbomlngg is coupled to the optical |ens
3400 via the carrier 3480. Likew se, the other conponents 3470 needed to
support the electro-active refractive matrix 3490 may al so coupled to the
carrier 3480. In so doing, these conponents 3470 and the el ectro-active
refractive matrix 3490 may be readily secured to various optical |enses.

Fur t her nor eexteidisg tharlayeero ttRA&Aer per h&ﬁ&ﬂ%@%&n%%@%caﬁ%ﬂdﬂf%%%%% her

el ectro-actjve refractive matrix 3490 nay each be covere

mat eri al or RthE&PATEC RS perBpaERenislizedf intsminthivige eitttegions bief progider o af t er
they are copiplgie §6,4ie T arrier 3480 may be nmade wth a
nunber of p%ugsilg}ll eppmat e?}gsg]{ggweie%gﬁ%%gﬁé)?%qﬁ%déh‘éC‘E)‘FPW%Whlﬁ’étsh, a

pliabl e pl a¥803] Fi&. B8riar mRrspecvesslodddyiew P HAGSHHES leH{) Wi 9f aflgse
mat eri al s. %%%genaé%\ég this carrier 3480 may beé flexi Fe and rigid WO
03/ 090611 P 711 uvg §mbpadisieat ahthe pessent ioventioar InaFIG: G8pas bptican. | n

each case, lehs BI3MERSBS R4 Winatn Tefé‘étrﬁ-%{i(&ee cfragtf'vsegwgﬁi&} fu@d@f %%ar %e n(t')m, j E;ﬂl H‘gﬂ?ge

it my be tinted or translucent in alternative

ot her desi ri8Pih338@r I s embohiednenise 34RRtAS vtk -339@&&@%!?%3%‘1‘&?&& he type
nu

of materi al . ri.er 80.1.s conprised of, various acturing
processes n%%ﬂgtéh‘%%fcég{é’ ‘ﬁéé?é&%&“em%%@%bth Rpkyolihg optitalderts 3380y

et chi ng of Ihie dbgsthe@pfiedl MdbREIIVTESSs It Xyil h,t carrier nay
be nount eﬂ. These tecﬁni ques may al so %feecgé\eé’g%‘gwr%nu% g%ctli??ghet%m rrier
itself incPHdPiy © s¥npRy. bald ard potitinshel @decob-dotiee eafddior marigrBahe a

di ff ti tidt ; : t. f i.cal ab ti ted by th
carrior . | OAb8 R R VAR hastHoof Redbledr i ot gh ieceptindensBptoe.
enpl oyed i mactienche midldedanudhdecsRat e eabed RBRY (9 L}g& ?Jn?xsg\%rget

3fg of a af’léBr can be

i nvention. Ip FlLG 35a, the frame 3500 and the eye
clearly seé)ﬁ.lcellﬁetﬁlsé?te%‘i?,a‘c‘%’és EPesEiq wiragtive and opfcalanteily. aComisidnX wih80 of

optical |enge 3BOR etb6dikRdisalind 40 .and_var.i ous . .rotation and position
arrows 3510, 3520, and 3530° canlégﬁcégﬂé té@eséeefﬁacgll‘f? S5 SNoWeY ek bept i cal
| ens syst edfiiyatdd dndsontidiled tobhmprdB4R: wkioh b€ a As&’ ¢l ock position. FIG 35d

shows t he igal. lensg syst f FIG_ 35c after it has been edged and
a portion SURLZY) pRS! 5% is' another expforgeg view of an alternative embodiment of the

present invention. In FIG. 34 an optical lens 3400, an electro-active refractive matrix
340 and a carrier 3480 can all be seen. Rather than using the toroid as in the
previous embodiment to help orient the electro-active refractive on the optical lens,
the electro-active refractive matrix 3490 in this embodiment is coupled to the optical
lens 3400 via the carrier 3480. Likewise, the other components 3470 needed to
support the electro-active refractive matrix 3490 may also coupled to the carrier
3480. In so doing, these components 3470 and the electro-active refractive matrix
3490 may be readily secured to various optical lenses. Furthermore, this carrier
3480, its components 3470, and the electro-active refractive matrix 3490 may each
be covered with another material or substance to protect them from damage either
before or after they are coupled to the lens.

[0305] The carrier 3480 may be made with a number of possible materials including
a membrane of polymer mesh, a pliable plastic, a ceramic, a glass, and a composite

of any of these materials. Consequently, this carrier 3480 may be flexible and rigid



of the outer perineter or region has been renoved in preparation for
mounting into the frame 3500. FIG 35e shows a conpleted | ens system
havi ng t woeBmetenbp- active refractive matrix centered ovePCrhsogys20f t he
user in a first region and the radial bus 3540 and power source 3590 being
positi oned between the eye of the user @nd the tenple of the frame 3500 in
the perineter region of the Iens. The conblned perineter region and first
region conprise the entire lens blank in this enbodi nent. However, in

ot her enbodi nents, they may only conprise a portion of the total |ens

bl ank. [0307] A technician assenbling this |ens systemin accord wth one

enbodi nent g endlﬁgglﬁéth{%@ﬁ&tehﬁwc%ﬁ{ oSifoBY REPERAE Nt rtafékﬂee\eeat tﬁé]ceﬁ*n&' rst
step depicted in FIG 35a, the frame 3500 to be fi

el ectr o- acBif@ beerﬁ@nmelﬁe abhe@u it mayr bat tinged gor ltl@eﬂu‘tétmtlmca]tt@'nath@ center

of a user's 35 h Af t center
of the usermz%g I\?\% ?I\# Eréaé/ tl%ler{ec{eﬂrecirgroppﬁlgsépgé? Il%ls Z{()B\/E'eg YV&ns nmay
then be r@e@b@ﬂn RpSh theouypa of admm tra eheCetiri&UBABOLIB @bmiphgeccomtvationf t he
el ectro-active WO 03/090611 PCT/US03/ 12528 80 refractive matrix 3580 is

cent ered oveANU{aGRITIIgEIOGEsEpanBLipempleed insluding migsermrachinéng mndayvet aathi s
rotation andh Sbdng id ROV el Bl Geesd W o3RG i800hiHPShe ALHE! mhhd oS

has been e to prope y position el ec ctive I x 3580
over the wusamtes. étStlBse ttdvdan jgmae rmas0 dlse ebeosaalt be manafgeaienhs damjert fidf be
snapped onto.the bu 3540 oé hhe | ens, and the | ens may be secured into the
frane as s 1ng, efefig augor bathsides pf hs FyyTigh Bb%‘@%ter?aQIffr%}Vﬁd@ttﬁ%m ng

| eads from.gach rof any e APLASINS Crgatydqﬁqheggﬁmsurface of the lens and into
the bus to secure the conponent to the I'ens as well as to provide for

t hei r connd@306d FIEGS. 3xectdSstshew aamssembly Bmluendwhatanmpbmenpbyed n0R081d Whi | e,
the electro-.active lens s he e t.r o- e trlx ar descri bed
as bei ng C@Hﬁ’e ﬁﬁ?rﬁaw lﬁﬁf rmge“gi? Y“ogg(rﬁ Jt;’%’e ﬁfe d the
el ectro- ac35u@ af@idhd ¥ydTBY7RLER vtz&rd?lcaﬁejé d18arBt ih. anKmt:aSH s elebtrd-he
user's field of vision including being off-set fromcenter of the user's

eye. Moreowelive @glfacti pawix 3 mxgalelegma&% theerdinl bus 360 avdivhrdise
I Y T T e
t echni ci an tieooptical Enwisg@enavitelity rafialfbua Bsg0anche @dICWCﬁLt:&isHMQEFBZ} :{53.1309] I'n
addition t (ghc?vivsnﬁxle%anulg iolr;tg 02}1 rlléanseslygcét:rtnro% F?(%t éS\/ceaftreﬂtrh%g Et)leé/needrégzi ra;l()f atpgrtfo?lr rect a
of the outer perimeter or region has been removed in preparation for mounting into
the frame 3500. FIG. 35e shows a completed lens system having the electro-active
refractive matrix centered over the eye of the user in a first region and the radial bus
3540 and power source 3590 being positioned between the eye of the user and the
temple of the frame 3500 in the perimeter region of the lens. The combined
perimeter region and first region comprise the entire lens blank in this embodiment.
However, in other embodiments, they may only comprise a portion of the total lens
blank.
[0307] A technician assembling this lens system in accord with one embodiment of
the present invention may proceed as follows. In a first step depicted in FIG. 35a,
the frame 3500 to be fitted with the electro-active lens may be placed in front of a
user to locate the center of a user's eye 3570 with respect to the frame. After locating

the center of the user's eye with respect to the frame, the electro-active lens may then

be rotated, positioned, edged, and cut such that the center of the electro-active



user's vision, one or both surfaces of the lens may al so be surface-cast or
ground to further conpensate for the user's refractive error. Likew se,
the | ens woroBagwinay al so be | am nated to conpensate for PCRAISOYE52%
optical aberrations. [0310] In this enbodinment as well as in others, the
techni ci an may use standard |lens bl ank§({to assenbl e the system These | ens
bl anks may range from 30 nm80 nm w th the nost common sizes being 60 mm
65 mMmm 70 mm 72 mm and 75 mm These | ens bl anks nay be coupled with an
el ectro-active matrix nmounted on a carrier before or sometine during the
assenbly process. [0311]] FIGS. 36a - 36e illustrate an alternative

enbodi nent offractiee praebeBs80 is\emtiednbver Bkl NG PGl ARS QIR YeSeguence
wherein, rather i.an having the range finder “and power source pa6s i oned
on the | ensTefeshS (BRPoHaM %‘Jtﬁﬂélsasg‘tpﬁ’alltlﬂ@&ubﬂedﬁtcandBlié. Afvanie ildrsel f .

|1l ustrat edhidhdeh GoeBEH & fr. 3600, a user's eye 3670,

orientation and rotat] on %‘}tﬁgﬁé‘ﬁ’%@?(3’,"“&@5@’%%8“&‘6%‘6}%&@&1& 8@ ovex e

refractive Wer'siexe, tB6pOvafsoopeior athel eomp3EREs mag t}féntt{e%gl%%ﬂedﬁrto fRApQnent
WO, 03/ 090611 PCT/ US03/ 12528 enbodl nent, the

bus 3640. ' e .abov

user's eyeﬁn%%w?ﬁt?‘gtlelﬁ@“gég‘? leng May Be tesviediinte the frame dFhsboweris Hily35d4 hen be
rotated W tThikespesihe tfRodebe L t he el ectro-active
refractive ngtr?%ﬁs% 05 ﬁg@?ﬁ‘?g Ay #ggﬁéed(%ailtr%mf ?aSEt(%otﬁ’etWénﬂ%‘%‘i‘tss eye.
The | ens medireuglrthgsurfaghafch knslagt oo thedsusne seasae @MhdnB&ablgddyat 0 t he

frame. Concyyr i Lhis . i.nsertion the range finder, battery and ot her
conponent s %G‘gﬁ%%ypté&gée t)oé RSB iando each qtherand[to greihericopodatas.- 37f
provi de yet[0308}t Waiile Al lelRirbveH RITIAM FRMm Ofnat B glregt%g-g%ﬁi e gygi on. The

transparent, bus 3740, electro-active refractive matrix ACeye
3770, r ot at9SHIE BviReing sentered ig éront néler over «osersalyk EbotAnbe RAVRIISRMT CE

3730 and b 1 3720 are. depi ct ed t hroughout these figures.

In this al trggér’é#é’t %@gg qﬁ%%é%’{sﬁ%o g? RIGe it iORe prenigignsapithe usess figld pg

descri bed ivisibhénadtdiag being @tsanbdyl cepeb o RS e?@.oﬁél\%%fy%t QR 1§ %ec ted in
in”Fl ’ iTs

FIG 37e maﬁ be cﬁc))lrrp}]et ed. . This step, depicted in e, enta
wrappi ng t HEMGBTBPC SPRs prd skt ef datlable eyeviearviantesabecaudet the tondugt s washer

or wire sysidesd, IH&8b hSinWl kL4; . 7 e,used to _transport
si gnal s and gower o gfrlldc)i&%‘n olaﬁe%lﬁﬁeéﬁgelﬁggc r%ggg%?/g\‘?g’ tihgﬁ?réf'cl?‘iWé’edﬁftlmF‘B‘?l}B?BO as

vel | as t h@syided koatrsheinias to ihe widdt vadetysofa@hesMniesdiviaubiNGers.

mul ti-cond ! : :
'fﬁﬁ(fy] %ﬁgﬁmn to simply using the electro-active refractive matrix to correct a

user's vision, one or both surfaces of the lens may also be surface-cast or ground to
further compensate for the user's refractive error. Likewise, the lens surface may
also be laminated to compensate for the user's optical aberrations.

[0310] In this embodiment as well as in others, the technician may use standard lens
blanks to assemble the system. These lens blanks may range from 30 mm-80 mm
with the most common sizes being 60 mm, 65 mm, 70 mm, 72 mm, and 75 mm.
These lens blanks may be coupled with an electro-active matrix mounted on a carrier
before or sometime during the assembly process.

[0311] FIGS. 36a - 36e illustrate an alternative embodiment of the present invention
depicting another assembly sequence wherein, rather than having the range finder
and power source positioned on the lens, these components are actually coupled to

the frame itself. Hlustrated in FIGS. 36a - 36¢ are a frame 3600, a user's eye 3670,

orientation and rotation arrows 3610, 3620 and 3630, electro-active refractive matrix

3680 of optical lens 3605 and a transparent component bus 3640. As in the above



3720 may include ITO [indiumtin oxide] nmaterials as well as gold, silver,
copper or any other suitable conductor. [0313] FIG 38 is an expl oded

i somet ri cwoidmweil an i ntegrated controller and range fina@em/usazi2semy be
enployed in the present invention. Rather than having the controller and
the range finder connected to each other via a bus as shown in other
enbodi nents, in this enbodi nent the ran%]e finder, which consists of a
radi ati on detector 3810 and an infrared light emtting diode 3820, is
directly coupled to the controller 3830. This entire unit nmay then be
coupled to the frarre or the lens as described in the above enbodi nents.

i mensi ons. SCURRPF (8 ayer S P R b (R 86oncR W e i PRARbdR, o,

expl oded peItIEpleb?d novmd/mm mﬁpeantd tht egerat & Snelliﬂﬂﬁem|tﬂ1£éle&ﬂ§1actmvﬁfra&9}t¢r cein
accordance with ggéqeanot her al ternative enbodi mrent of the present

i nventi on. I‘Iﬁltrtl’h' ROIaPFHShPositRned dm {108t P%FhGSQS’Cﬁ $¥e. dihe dents| pax eplhed t o
the power 8 8nd Wlind'R diegs%gﬁgﬂd Elgglltéésﬁigé it f8me 8@01&(91%3 8’1'_'&1%1 40 is

an expl oded per spective view o I nt egrat ed power source

control | er 4BG8dioartte ranggdinden daftery mne atlear dampensitt B6%oiaketsoddet @upkidi ve
enbodi nent o@gﬁhe present invention. As can be seen in FIG 40, the

radi ati on d&f B 4010 and light enitting di ode 4020 (the range-finder)

are coupl ed[¢3124 F@GSOBWJ oY eprodfiB0yet aﬂ&héhalt&ndtﬁetéfﬁwbdﬁﬁém'&%é %nés&ﬂ IOOWEr
source 4040. As with the above enbodi nents, the dinensions sho In th

case (3.5 mifnvgntoms The rm}lspaa@ré bk éﬁ%ﬂ akytr&ﬁdtlveanefrwtn@tmwtexcwB@nseﬁm,yenay

ol 20,0, ST 01605 . dhes A0S SRELRT RERERY M 00

i nvention. kuBi- céﬂdﬂcﬁ)ramlr@B’$205M‘étcﬁﬁictddhﬁiougﬁdi\ltctﬁ&eﬁﬁgh@é%t otHiehltesiveange
finder conbination 4130 that is in turn coupled to the electro-active

refractive fEbpfigentipadgiton F%C%QRAE{FH@BG plens deperibedhingheyptheniaipetssemblduct or
buses 4120. ﬁ%%ﬁ{e%s' @b er K g‘ de‘bﬁc cﬂ?ﬁl@ %ggbrhgfq)g %g ehe hlsa%gpdeV\Br

source 4240 I's coupled t emiting tion
det ect or 42depittedngFIGi ﬁae,re)ntzahdwtabmnglthetou&r a&bum&rer&brdfqhe \Y@lsmaitlli iax 4230

oS 1 oni ng TBREEHECIG ARG R e 5T L0 ThiS FOREF™ S0 il e Uacger

4320, posit yangeraligRs ddd€power to and from the electro-active refractive matrix 3780 as
well as the other components. The actual signal wires in the multi-conductor washer
3720 may include ITO [indium tin oxide] materials as well as gold, silver, copper or
any other suitable conductor.
[0313] FIG. 38 is an exploded isometric view of an integrated controller and range
finder that may be employed in the present invention. Rather than having the
controller and the range finder connected to each other via a bus as shown in other
embodiments, in this embodiment the range finder, which consists of a radiation
detector 3810 and an infrared light emitting diode 3820, is directly coupled to the
controller 3830. This entire unit may then be coupled to the frame or the lens as
described in the above embodiments. While the dimensions of 1.5 mm and 5 mm are
shown in FIG. 38, other dimensions and configurations may also be employed.
[0314] FIG. 39 is an exploded perspective view of an integrated controller and
power source in accordance with yet another alternative embodiment of the present
invention. In this embodiment the controller 3930 is directly coupled to the power
source 3940.



radial transparent conductor bus 4330, which is in turn coupled to the

el ectro-active refractive region 4310. In each of these three figures
various owomspems and dianmeters are shown. It shoul d bePpamdesosiasesi t hat

t hese di nensions and dianeters are nmerely illustrative and that various

ot her di nensions and di aneters may be §£ployed. [0317] It should also be
appreci ated that various embodi ments of™the invention have a wide variety
of uses in the field of photonics and tel ecomunications. For exanple, the
el ectro-active systens described herein may be utilized to steer and/or
focus a beamof light, or laser light, that nmay have uses in optical

communi cat i 5] #1d. APlsi dpdxp %H@?éﬂsﬁ&twéb‘fé@ nqme'g? d ‘y%rﬁg"hn? %61 dat a

storage. Additional | the “electro-active sy st ‘may be
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PCT/ US03/ 12528 83 system 4800 includes a first electro-active el engnt

4820, a secHhrhdp & furp caenled te the pewensoung340aAs wiithdhe blewverembadimates, elélgrlrgnt
4840, and  AROBLAARE HBVROR 4RO ALS%ANGN o ELC 48 a0 e 48

is represented rrow a llséSt g} o ah e per o Shace.
Th mage erbat] vefd)meﬁs(ariﬁph algo eved.l J alas

Vi r6t IuaI ) rraljz : g ACCO%I ngl yjﬁmt) he el ectro-active optical system 4800
may be util i@ég wa 04t CRPRBESRESHTE VISV ¢fr @ dras sy bt meid ipmomﬂt with t hree

di mensi onal vSRagetetAfive 'eﬁl%%dlgféhrs%fr tﬁ? ﬁgetséﬁ/t 1n%ne[\f5%nh 8%}‘&&; aoén% § ?S{%FI tsﬁe q

nove, or shift, the inmage 481 X-axi' s
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the f t electro- activ
ol enent 2‘33% b, B Q5 SecrebatiG - tebin AT Bnd e @56 soyond lidatouzh a
sim | ar manpéwera®ntii@tor biises 482® iduadbiveMe reGene OVéSBngmf) 8%#0%?6&

vertical prismand shift the i mage 4810 "al ong t - axi s.
el ect r o- act MfeP@VEfOHICE 4840 thatys peupladsioc hghtfamttmgt chede feafeadiSh@iagbeng t he
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of the resulrtispgentmagaduchstdbideonadity, FKRANGS flubieifés dRY i fRSitAHIR0 BRV%he
combined power source, controller and range finder 4320, positioned along the
radial transparent conductor bus 4330, which is in turn coupled to the electro-active
refractive region 4310. In each of these three figures various dimensions and
diameters are shown. It should be understood that these dimensions and diameters
are merely illustrative and that various other dimensions and diameters may be
employed.
[0317] It should also be appreciated that various embodiments of the invention have
a wide variety of uses in the field of photonics and telecommunications. For
example, the electro-active systems described herein may be utilized to steer and/or
focus a beam of light, or laser light, that may have uses in optical communications
and optical computing, such as optical switching and data storage. Additionally, the
electro-active systems described herein may be utilized by complex imaging systems
to locate an optical image in three-dimensional space.
[0318] FIG. 48 is a perspective view of an electro-active optical system in accord

with one embodiment of the invention. As shown in FIG. 48, electro-active optical



be utilized to detect the location of a target, for exanple, a detector, in
the inage field where the user desires to focus the resulting image. Range
fi nder dewDos/od8d0 rmay then determ ne the degree of focueCmarpos/1zesin the
third electro-active elenent 4840 to achieve the resulting i nage 4860
desired by the user at the predeterm ne poi nt in three-dinmensional space.
It should be appreciated that range finder device 4850 nay be in the form
of the above-described range finder enbodi ments, including an integrated
power source, controller and range finder system [0319] FIG 49 is a
perspective view of an electro-active optical systemin accord wth one

embodi ment @%&Mg‘o@%@@@ﬂ? S aeamaét&e%l&nfrﬂ%sz%[ g Beﬁcggfew&a O;PJJ cal

system 4900 includes a first electro-active el enent secon
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optical power.of the s toemr 4900 to, a nore positive or nore negative
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appreci ated that range finder device 4950 maa}/ be in the form
above- descr f&¥gd Aegagan of Hgarsudimmimagenisiditionally, range finder device 4850 may

be utilized to detect the location of a target, for example, a detector, in the image
field where the user desires to focus the resulting image. Range finder device 4850
may then determine the degree of focus required in the third electro-active element
4840 to achieve the resulting image 4860 desired by the user at the predetermined
point in three-dimensional space. It should be appreciated that range finder device
4850 may be in the form of the above-described range finder embodiments,
including an integrated power source, controller and range finder system.

[0319] FIG. 49 is a perspective view of an electro-active optical system in accord
with one embodiment of the invention. As shown in FIG. 49, electro-active optical
system 4900 includes a first electro-active element 4920, a second electro-active
element 4930, and range finder device 4950. Also shown in FIG. 49, an image 4910
is represented by an arrow at a first point in three-dimensional space. The image
may be, for example, a beam of light, a laser beam, or a real or virtual optical image.

Accordingly, the electro-active optical system 4900 may be utilized to focus the



i ncluding an i ntegrated power source, controller and range finder system
[0320] FIG 50 is a perspective view of an electro-active optical systemin
accord wwoh3somesienbodi mrent of the invention. As shown i nPET®&SOHMR528

el ectro-active optical system 5000 includes a first electro-active el enent
5020 and range finder device 5050. Al sg shown in FIG 50, an image 5010 is
represented by an arrow at a first poi ? in three-dinensi onal space. The

i mge may be, for exanple, a beamof light, a |aser beam or a real or
virtual optical inmage. Accordingly, the electro-active optical system 5000
may be utilized to focus the inmage 5010 to a predeterm ned point in three

di mensi onal ;$pacy10lie, eHétEnﬁh@d[:gBlﬂf fh}'gléée RSB Irigc?eo ’{@eveﬁl%? elizgd to
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0 may be in the form of the above-described range finder embodiments,

including an integrated power source, controller and range finder system.
[0320] FIG. 50 is a perspective view of an electro-active optical system in accord
with one embodiment of the invention. As shown in FIG. 50, electro-active optical
system 5000 includes a first electro-active element 5020 and range finder device
5050. Also shown in FIG. 50, an image 5010 is represented by an arrow at a first
point in three-dimensional space. The image may be, for example, a beam of light, a
laser beam, or a real or virtual optical image. Accordingly, the electro-active optical
system 5000 may be utilized to focus the image 5010 to a predetermined point in
three dimensional space. The first electro-active element 5020 may be used to
move, or shift, the image 5010 along both the x-axis and the y-axis. This may be
accomplished by applying the appropriate array of signals to the first electro-active
element 5020 to produce horizontal and vertical prism in the first electro-active
element 5020. In this embodiment, the prism may be produced with both a

horizontal and a vertical component, as opposed to solely horizontal or solely



and range finder device 5150. Also shown in FIG 51, an image 5110 is
represented by an arrow at a first point in three-dinensional space. The

i mage maywba3/od@nl exanpl e, a beamof light, a |aser beampCarusas/iizsas or
virtual optical inmage. Accordingly, the electro-active optical system 5100
may be utilized to focus the inmage 511§ to a predeterm ned point in three
di nensi onal space. The first elenent 5 20 may be used to select a specific
wavel ength of light fromthe image or beam 5110. This may be acconpli shed
using a static nonochromatic filter, or a nechanically or electrically
switching chromatic filter. The second el ectro-active elenent 5130 may be
used t0 NMOVEenRL) SKddifiondilyeink @%%%é&%&cﬁb@&gmgﬁégb%t}ﬁa 50 to RN e
y-axis. This may be acconplishe y applying the appropriate array of
signal s to timegsEtiOnaord thetzaxinby hdjestédgethe ppti&il Poweo opthedystemhioo0zent al and
vertical prismin.the second electro-active element 5130. In this
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finder device 5150 may be in the for t he above-descri ge finder

enbodi nent s powacioudieneprarmllenamsigragefindsospstersour ce, controll er and range

finder syst 21l. EIG_52 is a.perspective view of an el ectro-active
opti cal sysi‘gﬁlﬁ %ig'c%]oilsda pﬁf"“?‘?f“é’ﬁe‘”%ﬁﬁi&f‘ rOZﬂCtIY%QP’iIWi‘éﬁﬁt?%ri? a8eordhown in
FIG 52, el ggh Sreagitodfmeior ¢fd invetine MOV RGtiedes, dedid-ativelopheat 5220,

a second el ectro-active el enment 5230,
system 5100 includes a first element 5120, a second electro-active element 5130,

and range finder device 5150. Also shown in FIG. 51, an image 5110 is represented
by an arrow at a first point in three-dimensional space. The image may be, for
example, a beam of light, a laser beam, or a real or virtual optical image.
Accordingly, the electro-active optical system 5100 may be utilized to focus the
image 5110 to a predetermined point in three dimensional space. The first element
5120 may be used to select a specific wavelength of light from the image or beam
5110. This may be accomplished using a static monochromatic filter, or a
mechanically or electrically switching chromatic filter. The second electro-active
element 5130 may be used to move, or shift, the image 5110 along both the x-axis
and the y-axis. This may be accomplished by applying the appropriate array of
signals to the second electro-active element 5130 to produce horizontal and vertical
prism in the second electro-active element 5130. In this embodiment, the prism may
be produced with both a horizontal and a vertical component, as opposed to solely

horizontal or solely vertical. The second electro-active element 5130 may also be



and range finder device 5250. Also shown in FIG 52, an image 5210 is
represented by an arrow at a first point in three-dinensional space. The

i mage maywba3/od@nl exanpl e, a beamof light, a |aser beampCarusas/iizsas or
virtual optical inmage. Accordingly, the electro-active optical system 5200
may be utilized to focus the inage 52 to a predeterm ned point in three
di nensi onal space. The first el enent O may be a fixed lens used to
provide a large, or gross, adjustnment to position of the resulting inmge
along the z-axis. The second el ectro-active elenent 5230 may be used to
nove, or shift, the image 5210 along both the x-axis and the y-axis. This

may be acCOURld ®ft8ehihe HAALYS 110 4% BBALARY bAbuBidoAhe Bhrich PARES of fie! N©
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opti cal |en§PRXP‘E1?fe§F1}a§FﬁH§F inder; devire Y aaydiedn Hessosnf tbe boyesicseiped
spherical pgwes -fidder ShPYHEN Laje r nde I 5250
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i ncl udi ng arngafiedersysidmpower source, controller and range finder system

It should et, appreci at.ed that_although a fixed. | ens has only been
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t he above-described electro-active optical systens for steering or

focusi ng anS¥sgR SaP0 inelisies ianfirsh elemea) A2 2osrsbnd plecieo-asidye element 5230,
and range finder device 5250. Also shown in FIG. 52, an image 5210 is represented
by an arrow at a first point in three-dimensional space. The image may be, for
example, a beam of light, a laser beam, or a real or virtual optical image.
Accordingly, the electro-active optical system 5200 may be utilized to focus the
image 5210 to a predetermined point in three dimensional space. The first element
5220 may be a fixed lens used to provide a large, or gross, adjustment to position of
the resulting image along the z-axis. The second electro-active element 5230 may
be used to move, or shift, the image 5210 along both the x-axis and the y-axis. This
may be accomplished by applying the appropriate array of signals to the second
electro-active element 5230 to produce horizontal and vertical prism in the second
electro-active element 5230. In this embodiment, the prism may be produced with
both a horizontal and a vertical component, as opposed to solely horizontal or solely
vertical. The second electro-active element 5230 may also be used to focus the

image 5210 along the z-axis by adjusting the optical power of the system 5200 to a



exanpl e, the various enbodi nents descri bed above could be used in any

i magi ng system designed for recording an optical image, such as digital or
convent i owelos/og@mner as, vi deo recorders, and ot her devi cesPCarusopcasesii ng an
optical image. [0323] Wiile various enbodi nents of the present invention
have been di scussed above, other enbod%,}‘rents also wthin the spirit and
scope of the present invention are alsbt plausible. For exanple, in
addition to each of the conponents described above, an eye tracker may

al so be added to the lens to track the eye novenents of the user both in
focusing the electro-active refractive matrix, as well as perform ng
vari ous. ot hegork Yogtil® W h . r ¢ ile a
conbi ned LED agd rad?lz??%ﬁl%g{lzéc%fcca{g@g&bglen euslgcl:dr%lﬂb‘g g{s%gtr %l%\%eellt'ti nder
ot her conpoAdX.slependingps theblesebbcatiorcalithe edseltingiimapeinadiinionalOrAzc090611
PCT/ US03/ 1252 8. I8 at .is clained. is: 1. A nulti-focal

el ect ro- act ?1\9§ers eé’éctegc%% Q I%zgr%er pidkized-to Qﬁteéﬁ @85?“(?—“8’&??\%@%%@%3‘%% iang a
stack of at deeast, e Ghigs MR GHEKE Hoe o WesirdsQoPICRM A skt Ahlaby, Of
zones with different view n% corrections; and a controller for

i ndependent Rangg fipdestdayirecWOR e thendleaeminecthe algigten af focyy mduiced fththe

plurality o th.di ffer | ew_ng, correctians.. 2. The i -focal

el ectro-act %?/%’9@ Segeg acalgtelgéo%legﬁeg?%]zsﬁ’ 1 ﬁ?lﬁhlélflﬁ% %t:bl tg? fﬁ’é%fl?lﬁ‘?nt rg# ng
correction adrieveptho destdthgbimage 3260 dlediicl B ER 1RBF hiC@k pretietctnadUbdiht-ihocal

el ectro-active gpectacle of claiml, wherein one of the plurality of zones
for view ng MBS FEROSIORA] Wage.t Accordinglyrebe apticat GhgemncY200i wauld grodice @ot i on.

4. The mult i ect ro-act | l.e.. i . Wherein.the view ng
correction %?ggﬁggdﬁﬁgﬂtlﬁgpﬁ%?‘ﬁf%@%%?g? gtléz)agrlléeﬁss;él?% iila ag.aggegiiaB er to
about 2.0 didpessessing a daseredrsplterichlqmader.e lteshbnld-teCippyeispenhache ahdg! ai m 3,

wherein the ,vi.ew correctio rovided by the far-internmediate zone is
about 0. 25 HFUFR 474 BIREGR s el ofi b abavedsscried THagq fiodaseabodiments,

S0 25 el gt ke MRl bl ol

for be further appreciated that although a fixed lens has only been described above with
reference to FIG. 52 for use in adjusting the focal length of the resulting image, a
fixed lens may be employed with any of the above-described electro-active optical
systems for steering or focusing an optical image in three-dimensional space. For
example, the various embodiments described above could be used in any imaging
system designed for recording an optical image, such as digital or conventional
cameras, video recorders, and other devices for recording an optical image.
[0323] While various embodiments of the present invention have been discussed
above, other embodiments also within the spirit and scope of the present invention
are also plausible. For example, in addition to each of the components described
above, an eye tracker may also be added to the lens to track the eye movements of
the user both in focusing the electro-active refractive matrix, as well as performing
various other functions and services for the user. Furthermore, while a combined
LED and radiation detector have been described as a rangefinder other components

may also be used to complete this function.



view ng correction. 7. The multi-focal electro-active spectacle of claiml1,
wherein the stack of at |least two electro-active regions produce at | east
near, neawoiabgromedi ate and far- internmedi ate zones for viPERIUSY3/c2528 ect i on.
WO 03/ 090611 PCT/US03/ 12528 89 8. The multi-focal electro-active spectacle
of claim1, wherein the lens has a sta of at |east three electro-active
regions. 9. The nmulti-focal electro-acti®ve spectacle of claim8, wherein
the at least three electro-active regions produce at |east near,
near-internmediate, and far-internediate zones for view ng correction. 10.
The nulti-focal electro-active spectacle of claim9, wherein the near zone
for viemﬁnglﬁﬁérection is produced by activating all three el ectro-active
regions. 117 mul ti-focal electro-active spectacle of claim9, wherein

t he vi ewi ngWiaoisrcdaitnedms:of the far-internediate zone is additive to view ng
correction of the near and near-internediate zones. 12. The nulti-focal

el ectro-active sprctoasl ectb-£tive BPeBiaclohwnpirBinghe at | east three
el ectro-active regions are all of the same area. 13. The multi-focal

el ectro-active SBFFI%&%-Q@% lﬁ‘ﬁét s SRR Qb REecRbOR iV Ore gk Ve

regions has a snmaller areat at” | east two other electro-acCtive
regions. 14. The nul.tisfocal eleciro-active .spectacle of .claim13, wherein
the smal | er© @P@%‘ierao@'éﬁlh%tazrogaﬁ ‘gﬁﬁld fetr% Véﬁwsl?g Qrﬁ%gltonsélaggt ro-active region
with respect to a pupi] _when the |lens . is wor a patient. 15. The
nul ti - focal eIecﬁPBmﬁﬁk?@ﬁ“gﬁﬁﬁFé%ﬁﬁaS?“@W&FW&TQ%”ﬁh WeRCEAR s hal | er

el ectro-active region is the proximal -nost el ectro-active region with
respect to arodpcqoﬁ%le pluivelity o @onesrysith diffgrenhvisying qeatecéens: 16. The nul ti - f ocal
el ectro-active spectacle of claim 13, wherein the smaller electro-active
region is inQ. atwadt-fadal tleassd-attive spedianle ef daint d-fadhentempegingrasfar WO

03/ 090611 PCT/US03/ 12528 90 17. The nmulti-focal electro-active spectacle

of claim 1, vilhaiebdirdchon Py @bitticéd OF a fikied \HidhehcE Opfi&t! | On zones are centered
over a pupil.
3. The multi-focal electro-active spectacle of claim 1, wherein one of the plurality
of zones for viewing correction is a far-intermediate zone for viewing correction.
4. The multi-focal electro-active spectacle of claim 3, wherein the viewing
correction provided by the far-intermediate zone is about 0.25 diopter to about 2.0
diopter.
5. The multi-focal electro-active spectacle of claim 3, wherein the viewing
correction provided by the far-intermediate zone is about 0.25 diopter to about 0.75
diopter.
6. The multi-focal electro-active spectacle of claim 1, wherein the stack of at least
two electro-active regions produce at least near and near-intermediate zones for
viewing correction.
7. The multi-focal electro-active spectacle of claim 1, wherein the stack of at least

two electro-active regions produce at least near, near-intermediate and far-

intermediate zones for viewing correction.



18. The multi-focal electro-active spectacle of claim1l, wherein the
plurality of viewing correction zones are vertically de-centered froma

pupil. 19womheosul ti-focal el ectro-active spectacle of cl &Cmuspe3/nses ein the
plurality of viewing correction zones are horizontally de-centered froma
pupil. 20. The multi-focal electro-actiye spectacle of claim1l, wherein the

plurality of viewing correction zones “dre de-centered froma pupil outside
of a near correction zone. 21. The nulti-focal electro-active spectacle of
claim1l1, wherein the electro-active regions are substantially rectangul ar.
22. The nmulti-focal electro-active spectacle of claim1, further conprising

at | east ogeqgl eie 5Pt BRI AONEIRE] PRAN DM Blid ol Vi ew Ng

correction zones. ectro-active spectacle of claim
22, wherein tic ower in. . the.bl ending zone decreases linearly from
hi gher opti 8§$tlﬁaégh‘fget%§ﬁtmqwgﬁgl%tﬁl power, as the plurality of view ng
correction zones transition from higher optical power to |ower optical
power. 24. Ihdhainulti-focatalectap-aciiviesPeriagle el dpars, ‘EheéelBFhecq‘té?al‘ﬁvglﬁ?e wher ei n
optical power in the blending zone decreases exponentially from higher
optical powelectro-attimgeegiooppiodate 3 dsast neanscahimtasmadiate;, ayd {af-ineddige
correction zones transition from higher optical power to | ower optical

power. 25. Zhseshiod Hiewingaatreedid@ct ro-active spectacle of claim22, wherein
optical power in the blending zone decreases by a polynom al function from

hi gher opti ¢g! TROWRIt-FQaVBetRd-0R8 Sdedtield HRUAME SR reif Ihd RMLEorRMbE Cal

power, as the plurality of view ng correction zones transition from higher

opti cal pov‘@/{e“;ir?%l‘%[iog t%g ceH%&?Etiva%ﬁ% aﬁ‘thpél: Efeé&&—%@t&veqjeglg)ﬁg.o’ active

spect acl e conprising an e ro-active ns conprising at ast one
el ectro-actiye_region_ to produce. a plurality o% ones wit.h different
vi ewi ng cor llic { I’% %&‘?t&ﬁ??aﬁ&e?técﬁgﬁtw(? ﬁgg%’i‘cé%%é ‘?L%‘mz R RGEURY e plurality
of vision correction zones; and a controller for independentl %/ activating
each el ect r somedtiopef thedirpintergedigicornne & adddiys ta vigwing corecsigh @& thegieatj sj on
correction and the at |east one blending zone.

and near-intermediate zones.

12. The multi-focal electro-active spectacle of claim 8, wherein the at least three

electro-active regions are all of the same area.

13. The multi-focal electro-active spectacle of claim 8, wherein one of the electro-

active regions has a smaller area than the at least two other electro-active regions.

14. The multi-focal electro-active spectacle of claim 13, wherein the smaller

electro-active region is the distal-most electro-active region with respect to a pupil

when the lens is worn by a patient.

15. The multi-focal electro-active spectacle of claim 13, wherein the smaller

electro-active region is the proximal-most electro-active region with respect to a

pupil when the lens is worn by a patient.

16. The multi-focal electro-active spectacle of claim 13, wherein the smaller

electro-active region is in between at least two other electro-active regions.



27. The nmulti-focal electro-active spectacle of claim 26, wherein optical
power in the blending zone decreases linearly from higher optical power to
| ower optwoaB/powner, as the plurality of view ng correct POR/USOBEXS28
transition from higher optical power to |ower optical power. 28. The

mul ti-focal electro-active spectacle of claim26, wherein optical power in
the bl ending zone decreases exponenti alqoy from hi gher optical power to

| ower optical power, as the plurality of view ng correction zones
transition from higher optical power to | ower optical power. 29. The

mul ti-focal electro-active spectacle of claim26, wherein optical power in
eyt |9 2o REmAREERAPEERYadivB ShoiRl N rRiih BRMIGNLARRS: OP! c2!
power to | ower n]tlca ura VI ew rng correction zones
transition from h| her opti cal to | ower optical power. WO 03/090611
PCT/ US03/ 128‘?3’1@902”%5‘60‘1% eéla@ccteﬁ %jg‘fve%pll@ s conprising: two stacked

el ectro-active regions, in which a first region produces a near _and

near - i nt er mé¥i Zhempiiticabeleero-adive speciasineof \Hg?éﬁl hetheyein 81 WAL Pwhi ch a
second region produces a far-internediate view ng correcti on zone when
activated, viening anectberdres agctertillyegicontemdtfiomagdpdt any one tinme; and a
controller for independently activating each electro-active region to

produce t he 19! Thahiultifeval dedtasactive Bpebidclesfandinyi, evieidn aerpleatityosrs. 31. An
el ectro-active lens conprising: three stacked el ectro-active regions which

roduce a n I3 r o- act e regl ons
gr e activat S%K’VII?(]Q d&%%]' 95rfe‘§%fe' ka?lzoﬁﬁﬂ? duRERefhTREN £pES. iv gi

pro uce near- i nternedi ate view ng correction

zone when tyg gl ocly g‘f?ﬁcg}dg&% OB ASNEL Sther Rl Ps e @

far-interne oeeec’tro act ion is

activated; and_.a controller for _independentl ctiv each
el ect r o- act VFFIRGEEATEFLPR 2onss 3t s et“‘l‘l‘% %’F 13/“[1’31 %‘FSI%O?%SHW EHFEtiPRer ent

view ng corrections. 32. The el ectro-active spectacle of claim31 wherein
the three eketro-active regions are all of the sane area. 33. The

el ectro-active spectacle of claim31 wherein one of the three

el ect r o- act R2v.eThe multi-focal electro-active spectacle of claim 1, wherein the electro-active

regions are substantially rectangular.

22. The multi-focal electro-active spectacle of claim 1, further comprising at least
one electro-active blending zone between the plurality of viewing correction zones.
23. The multi-focal electro-active spectacle of claim 22, wherein optical power in
the blending zone decreases linearly from higher optical power to lower optical
power, as the plurality of viewing correction zones transition from higher optical
power to lower optical power.

24. The multi-focal electro-active spectacle of claim 22, wherein optical power in
the blending zone decreases exponentially from higher optical power to lower
optical power, as the plurality of viewing correction zones transition from higher
optical power to lower optical power.

25. The multi-focal electro-active spectacle of claim 22, wherein optical power in

the blending zone decreases by a polynomial function from higher optical power to



regions is smaller

In area than the remaining two el ectro-active regions.

34. The el ectro-active spectacle of claim33 wherein the el ectro-active
regi on ofwosmbdeer area provi des about 50 percent of the @ptmiusabi13sesver for
near view ng correction. WO 03/090611 PCT/ US03/12528 93 35. The

el ectro-active spectacle of claim 34 mgﬁrein the remaining two el ectro-
active regions each provide about 25 p
correction.

Vi ewi ng

cent of the optical power for

lower optical power, as the plurality of viewing correction zones transition from
higher optical power to lower optical power.
26. A multi-focal electro-active spectacle comprising

an electro-active lens comprising at least one electro-active region to produce
a plurality of zones with different viewing corrections and at least one blending zone
between the plurality of vision correction zones; and

a controller for independently activating each electro-active region to
produce the plurality of zones for vision correction and the at least one blending
zone.
27. The multi-focal electro-active spectacle of claim 26, wherein optical power in
the blending zone decreases linearly from higher optical power to lower optical
power, as the plurality of viewing correction zones transition from higher optical
power to lower optical power.
28. The multi-focal electro-active spectacle of claim 26, wherein optical power in
the blending zone decreases exponentially from higher optical power to lower
optical power, as the plurality of viewing correction zones transition from higher
optical power to lower optical power.
29. The multi-focal electro-active spectacle of claim 26, wherein optical power in
the blending zone decreases by a polynomial function from higher optical power to
lower optical power, as the plurality of viewing correction zones transition from

higher optical power to lower optical power.

near
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30. An electro-active lens comprising:

two stacked electro-active regions, in which a first region produces a near
and near-intermediate viewing correction zone when activated and in which a
second region produces a far-intermediate viewing correction zone when activated,
only one electro-active region activated at any one time; and

a controller for independently activating each electro-active region to
produce the plurality of zones with different viewing corrections.
31. An electro-active lens comprising:

three stacked electro-active regions which produce a near viewing correction
zone when three electro-active regions are activated and which produce a near-
intermediate viewing correction zone when two electro-active regions are activated
and which produce a far-intermediate viewing zone when only one electro-active
region is activated; and

a controller for independently activating each electro-active region to
produce the plurality of zones with different viewing corrections.
32. The electro-active spectacle of claim 31 wherein the three electro-active regions
are all of the same area.
33. The electro-active spectacle of claim 31 wherein one of the three electro-active
regions is smaller in area than the remaining two electro-active regions.
34. The electro-active spectacle of claim 33 wherein the electro-active region of
smaller area provides about 50 percent of the optical power for near viewing

correction.
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35. The electro-active spectacle of claim 34 wherein the remaining two electro-
active regions each provide about 25 percent of the optical power for near viewing

correction.



