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SPECTA FI ELD OF THE | NVENTI ON [ 0001] The present

to the field of optics. Mdre particularly, the present inventign relates
to vision correction with a nmulti-focal electro-active spectacﬁé AEndI06
SUMMARY COF THE | NVENTI ON [ 0002] In accordance with one enbodi nrent of the

I nvention, a nulti-focal electro active spectacle is disclosed. The
spectacl e conprises an electro-active lens conprising a stack of at | east

two el ectro-acti i W | ' zlﬁg%s with different
Vi ewi ng correct ip\gg%éi%ﬁg&c er 'F@Fpﬁggg%‘z';?} tivating each

el ectrofamgr]ie ' ﬁ&&ce the plurality of zones with different
. viewing ¢ —em accordance w th another enbodi ment of the
i nvent i ongoo@1]"THe! prede€ Hven@diC fdiAtes &F HeVRcld REUpREd. Mbe &ligsedhe The
el ectro-active spectacle conprises an electro-active |lens conprising at
| east onePreseat ipventien irolates clgi wisionocerrastion ewith pmultiifoca) egctipmstve wit h
di fferent yiemigscorrections and at | east one bl ending zone between the
plurality~of vision correction zones and a controller for independently
activati ' 2] lon to produce the plurality of zones for

EtYHE
vision ¢ ion gnd the at | east. one blendi ng zone. 004]. I n accordance
with anot@@{'ﬁg{hﬁﬁqﬁ%‘ﬁ? “6'&‘ Pﬂ"ee‘?’ﬁ?féﬁlﬂmoﬂt,bthﬁﬁméq B’P’r%-[%‘(l,[%'?‘??@l FER i s
di scl osedactif@ aspb@tide GONMENISRE.  Whe SIpREHEle QInfilstOaACEIME-hAREORAs I N Which a

first region produces a_ near and near-internediate view ng correction zone
when  act ORRIEREEackn olya lepst dWe cdentg-actiye sgignsdaureducs  pluralift of nedi at e
view ng ARk apll QiréeRe iRaRe | AtekldHsCdnd T Sof?iifer A0 ifAIBIAeRES 2 |
controller for independently activating each electro-active region. BRIEF
DESCRI PT| ®kvagTaeh elRAw-ntive[regos o fioduge the ghirality wé monasrwithadifferenhor e ful |y
under st 00 r ' the following detailed description of the presently-
pr ef erred‘qgﬁ%lg&ggngdﬁ{lggs‘t ogether with the acconpanying drawi ngs, in which

| i ke ref €j0863]dni mdoratcer withr snodsee Cerhishdii@entgoR R Invkriong| £ iRk SocadlNd i N

- whi ch:

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 independenily
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 cormection zone when
activated and in which a second region produces a far-intermediate viewing
correction “zoné when ‘activated. The lefis ‘also comprises a controller for
independently activating each eléctro-active région. o

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:




WD 03/090611 PCT/ US03112528 2 31 AUG 2006 [0006] FIG 1 is a perspective
vi ew of WY nent of an el ectro-active phoropter/ BGHYHEHER8 syst em
100. [0007] FIG 2 is a diagrammatic view of an enbodi nent of ar})gtgﬁ{ 0

el ectro-active phoropter/ refractorgsystem 200. [0008] FIG 3 i H;QN
di agram of a conventional dispensing practice sequence 300- [0009) FIG 4
is a flow di agram of an enbodi nent of dispensing nethod 400. [0010] FIG 5
is a perspective view of an enbodi nent of el ectro-active eyewear 500.
[0011] FIG 6 is a flow diagram of an enbodi nent of prescription nethod
600. [ OOMDBPOIFFIG. ¥ i sa pefspestiveviiew of am cabpdigiaremi a1 dediptictive

el ectro- i 700. [0013] FIG 8 is a section view of an
enbodi e Oﬁﬁ%@%?ﬁ%ééghga"#g@b;ctive spectacle lens 700 taken al ong section
i ne A-A BDOR EG. 2.is [20didghmhlatic view of an sebbiliareny ofunaheragiectobrptverent of an
el ectro-aé}ive | ens 900, tg en along section line Z-Z of FIG 5. [0015]
FIG 10 i %OHSEF?S@&DWE‘W -of an enbodi nent of an el ectro-active |ens
syst em 100@08] Bt 8lis £HGw dlakrdrs ofa S6Hiehdhay HRYErR{ng3iactioh scliubmiatzoof a
diffractive el ectro-active I|ens 1100 taken al ong section line Z-Z of FIG

5. [ 0017] 0009 FIG 4jisa fowdingrany pbap erpbedimentisd dispenfingomedad d0@ct r o- act i ve
| 120 | 1S, 3 i ' i th
efgcszt ro- a@?@g&&g]ﬁsﬁl %Ché?:?g%?%%?aﬁen ai%&lg&s%é%%%hﬁﬁte%a& F0019]

FIG 14 i300m perspective view of -an enbodi nent of a tracking system 1400.
[ 0020] FI .S _a perspgctive_view of a nbodi.nent o | ectro-active
| ens sysﬁ@#ﬁ%‘lﬁ.ﬁ118@9&']‘&%05@3?&@5'8&5@@5?*9@% ‘89&18(?& enbodi nent of
.. an el ect r [poaxY FICE 71ie A Frond YiRtvaiD ahtbodiréhe 3F afblrid tiécirs-adt aeagi ve view

- of an enbodi nent of an electro-active lens 1700. WD 03/090611

PCTI US03/ s 20. L
[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.




3 31 AUG 2006 [0023] FIG 18 is a perspective view of an enbodi ment of an
el ect r oWEAB®611 ens 1800. [0024] FIG 19 is a perspectﬂqT@Swlewzﬁ)f an
enbodi ment of an electro-active refractive matrix 1900. [0025] g

a perspective view of an enbodi nent gf an el ectro-active |lens Uo %@@26}
FIG 21 is a perspective view of an enbodi nent of el ectro- active eyewear
2100. [0027] FIG 22 is a front view of an enbodi nent of an el ectro-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 ermbodi ment
of an el d802Y Gt i1§6s lacpesspraDE. vief 0F30] eEh@ime® dfsamecloetto-pdiveviensy of an
enbodi nenltt?ggf an electro-active lens 2500 taken along section |ine Z-Z of
FIG b5. 1] FIG 26 is a section view of an enbodi nent of an

el ectr o- J0024]FIGeN® R6A0perbpistve ¥iedn @f SAC eindddinicAe of- 4n @flecktbGctive [ 0032]
FIG 27 is_a row di agram of an enbodi ment of dispensing nethod 2700.

[ 0033] F|r§ra gyematx sl hective view of an embodi ment of an el ectro-active

| ens gﬁozst] G984boRt & ezs%ee@veave@r&p&cemy&dﬂ.bﬁ%mn BRcRRLLRARl [eheNs system
in accord with anot her al'ternative enbodi nent of the present 1nvention.

[ 0035] FI2§0080 i s a perspective view of an optical lens systemin accord

51T an9b0s) it 9190k AR UET Y oferhidfiohf 2 WeckBYERN Swerd 0901 &

31 is a ve vi an o ens system “RCAccor anot her
al t er nat i2180enbodi nent of the present. invention. [0037] FIG 32 is -a

per specti tic | ens syste I n accor Wi anot her

al t er nat |[é§27éﬁ§d$%ﬁta§@$8 pﬂ“é"gg’t?@"g%@ﬁ%q ?JFFuo“a‘{tWS% ﬁb& 33 is an
expl oded [p6283 FIG! 23R a\&&w\refw S hn@ibo8Rhenk 8 QYSHLIBHVE 1&62306] Wi th anot her
alternative enbodi nent of the present invention. [0039] FIG 34 is an

expl oded (BN FdE: 24/ afrasyyvisw efranspitiodiaent efan doeteeantiva lens@dP®  wi th anot her
al ternal g TH60LEENL s@tiohVew of 4 Unbb AR bP Bn BIILARAL 2500

PCT/ US03/7125
taken along section line Z-Z of FIG. 5. -
[0031] FIG. 26 is é 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 vievtr 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 altemative 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. . -




4 31 AUG 2006 [0040] FIGS. 35a - 35e illustrate assenbly steps that may be
conpl et 3@ B9dtord with another alternative enbodi nentP@YUHE253% esent

i nvention. [0041] FIGS. 36a - 36e illustrate assenbly steps that ngﬁ 2@6
conpleted in accord wth another aljernative enbodi ment of the ??)lr @

I nvention. [0042] FIGS. 37a - 37e-illustrate assenbly 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
frder and integrated controller in accord with another alternative

enbodi ner004] HIGS. pFaesafe illusiate asscombly plopsthit miag be3pmpletethine3cspded

perspective view of an.inteqr n e ery and integrated
controll e“flﬁ'f ?Poglbeégl}ed'némh‘{eﬁngnﬁgﬁl%?ogﬁfé’%ér%gllt‘tiﬂ\i/‘ggg%odi ment of the present

i nvent i o004 FEE. Fé4G- 340illusiraa assepibdyl sidppehiat prag thewampleed of aceordi nt egr at ed
controller_range finder in accord wth anather, alternative enbodi nent of
the presdfilt gltespativeremiwdimant gf thg presentinys8iehoct i ve view of an opti cal
I ens systiggad)rascarsl -iehinikate QQ&HB%F s&b& ehf1ahhy Be LORMHEEEH yof the
present invention. [0047] FIG 42 is & perspective view of an optical |ens
syst em i rangdenaliernative epbedimentoefitee prgsens mvgniiere enbodi ment of the present

I nventio | r ' ' 16 S system
i accor qUHHICLIS 53 pefipelveraBluaR ik of BthyElaRl oD Bl ks ol

I nvent i orintepfa@@%ontrbller id4mcord with exphardderiavs pmbbdineny obthegiresant | nt egr at ed
power soyrce,. controller and range finder in accord with another

al t er nat i¥A%odi nent of the present invention. [0050] FIG 44b is a side
.. secti onal[ogd4FIEN 89 i hig SkFIb&M RAWREGROWEG T mOiRtazkddesontbler battage f nder of
" FIG 44a along Z-Z in accord with one -enbodi nent of the present

i nvent i orfnd|[ ipBgiaed-pontrollsr jig agcoyyl witlyj aaather altpraativen gabedimghy of Bensnitter of
FI G 44b j ’ . Wi.th one enbodi nent of the present invention. [0052]
FIG 46 ig&gﬂ{;@géeﬁ\?fl'ew of the range finder receiver of FIG 44b in accord

with ond0e4fiddGndatis ah exploded pespective wigw ioban itEeRRA0RA60lerRETEAUS03/ 12528

finder in accord with another alternative embodiment of the present invention.

[6046] 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 pcrspécﬁve 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. : . P

[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.




5 31 AUG 2006 ;50053] FI GS. 47a-47c are side views of a wearer of an

opti cal W%‘ﬁ‘g’ﬁ‘%’ temin accord with one enbodi nent of t RCTNILEEISES | nvent i on.

[0054] FIG 48 is a perspective view of. an electro-active optical system

in accord with one enbodiment of the invention. [0055] FIG 49 dlsAbG 2006

perspective view of an electro-active optical systemin accord wth one
~enbodi nent of the invention. [0056] FIG 50 is a perspective view of an

el ectro-active, optical systemin accord wth one enbodi ment of the

invention. [0057] FIG 51 is a perspective view of an electro-active

optical J08RAHIGH Aacticdue sife viewn of amisetr ofan optical Jees $¥ateemn agaord] 0058] FI G

52 is a lLhva: Vi f l. .0-active optical systemin accord

W th one%ﬁ%@%iﬁr’g’\éﬂ#‘?%@eip?ié\%%nﬁtul?v%h&&f'oow] FIG 53a is a frontal view of

an el ect (0054} FlGe48 pes pagpaetive vietc of ah wlettio-actbve opiibaldysent inciccéde

I nvention.. [0060]. FIG Eg&l?i_s a.side view of an electro-active spectacle in

accord wiviH geembodipmt YeBY9R  nvention. [0061] FIG 53c is a side

vi ew of J005B) FIG! 99 CA pYRp&BOS VRS 6F bl cRECSAEIW dpicANSsteRMROLLSRNt of the
invention. [0062] FIG '53d is a side view of an électfo-active spectacle in

accord wiYith epeembedisant pete iknione i nvention. [0063] FIG-54 is a frontal

nventi ol Vo8] T ch PEEPRAE VS, B uf BEEGRANE drbe ol R 00 o o

i N accor dvith dne embedinen offihménventddn.t he i nvention. [0065] FIG 55a is a side.

view. of ozactive spectacle jn accord with one enbodi nent of the

i nvent i 0&0&7?3:3{36? fJll“—sl &Pes Eiwé V%f“%?%%“ ae‘éWB?m’&er@Fgcsé‘/Ftﬁ%ﬁc%rgs pect acl e
-, 1 N accor it doft eRRdineHp 8ciheBlentdn.t he i nvention. [0067] FIG 55c is a side
- view of an electro-active spectacle in accord with one enbodinment of the

i nvent i od90SADIYG) 8066 perspertivsyism obgmelectro-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 inveation.
[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.. . S e e el _
[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 _electrcpvactivc spectacle in accord with one

embodiment of the invention.




6 31 AUG 2006 [0068] FIG 56 is a side view of an el ectro-active spectacle
in accoM? ¥®Peldne enmbodi nent of the invention. [0069]PCIVE3RIEE S 3
frontal view of an electro-active spectacle in accord with one enbodi nents
of the invention. DETAILED DESCRI PTI OF PREFERRED EMBODI MENTS H@@%uﬁl n
1998, there were approximately 92 mllion eye exam nations perfé I'N

the United States al one. The vast mpjority of these exam nations involved a
t horough check for eye pathology both internal and external, analysis of
muscl e bal ance and bi nocul arity, neasurenent of the cornea and, in many
cases, tHOORRIFIG, S6amce fideatfidwy of aneflectiotdctive epentackain ercordvwithhomsas bot h

obj ective and.subj ecti.ve. .. [0071] Refractive exam nations ate perforned to
understan?ﬁ]ﬁﬁ%gﬂ é’g&icﬂjévenﬂﬁ nitude and type of the refractive error of

one' s eyef0089NeFIGy 32Ss affran®il vas# bF én @lec@b-actiVaipedtable Gh fabedid Iwittbhe t 0 be

di agnosed & neasured. are nyopia, hyperopia, astigmatism and presbyopi a.
Current r%\‘b"é’é‘?@ﬂ%%‘ﬁﬁﬁ%"éﬁ%@r s) attenpt to correct one's vision to 20/20

di st ance . DIE PR ' R si on can be

achi ev.ed;ﬁ @AEEED, meﬂﬁg lﬁ%ﬂbfﬁ‘,ﬂhﬁ S‘#E It should be

poi nt ed oif07@IHat199$dherh evsrecapprastimaielyi 92 milighéysrexaminations paafosfiedire’ s  eye
can procegs @and define visign i s approximately 20/10..This i ar better

t han t he tﬁf’ev%lgedosia\kﬁgs?lg%c' 1% H3fts @l?F%%@%%F’éﬁ‘W&?P%V Wﬁ%@ %ot h

t oday' s reabroagh eheck foplege gatheloyy twid internvk aid exw@inakpaalysigl of metkes. What is

m ssing fromthese, cqnventional devjces is the ability to detect, quantify
and corr M%Pn‘igwm@mmm 9‘%&‘5(99}'4?@ apdy iy many (@apesa e @il at i ons,

. 1 rregul arasidalja rdfeditivOExaafkt@dh, whith ¥as bbhSbicatd ddEabieliipse aberrations,
i rregul ar_ast |lgerrat ism and/or ocular layer iTregularities nmay be as. a

resul t of [08HE Reftactvem| expminationsr aws perfasmedt tof undarstand/diagnose cdlised by
convent i %%mﬁ&@%@@éﬁ%; ma%qr&tﬁg@gﬂ@e SR & Trethdl tclefgg&é’ah@@&a@f ore, it

woul d be extrene efrcia ave a mea i ng, quantifying,
and corr ethaf ag owmsénglyvalde oo be didgnesedt & 2Waddledyr afeehiyopiaghiypasgiabl e.

e b S A okl Db ot S0 ° U5
vision to 20/20 distance and near and, in some cases, 20/15 distance vision can be
achieved; however, this is by far the exception.

[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 lemses. 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. ..« . i e

[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

mManner.




[0074] The present invention utilizes a novel approach in detecting,
quant i f WOl correcting one's vision. The approach HaQWEEN#2s28ever al
i nnovative enbodiments utilizing an electro-active lens. Furthernore, the
invention utilizes a novel approach towards the selection, di sgdngiingl
activating, and progranmm ng of electro-active eyewear. [0075] For exanple,
in one inventive enbodi nent, a novel electro-active 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 we[0§i4] The prestayinyenivmrubilizes snoveh approtch it Metsctinge qpdndifying avédnt i ve
enbodi nent __ consi st,s of. ont%esa &aich of ﬁl ectro-,act i%/ﬁe? | ense .hOL{SSGd in a
frame noufETHhY"E PAES vbsfl%i PRI VP v’lﬁﬁ)lfﬁﬁer"iﬂt HOBVEVE  FROEUPE® desi gn
and/ or byytiieyn®in eledtri-autiik 16k FEORANGE] the ilehesn waliR6 hinovéll approaeti needed to
enabl e the el ectro-active lenses to function properly. [0076] To assi st
wi t h undetostandidths gselestom | disnsrtiBe; Rtivating, fand YOgRIEHRE Of cleclPmclMat i ons of
vari ous t@fe@}}'ﬁl_a_r_e now.provi ded. In some situations, these explanations are
y

not necessari intended to be limting, but, should be read in light of
t he exanpli¥95] Basexappleony, oandinvesives gmimdined, e rmsivel 4lGam7Actiin
"electro-active,zone" can.d.ncl ude or be included. in an.electro-active
str ot ur chsraRsEyEBRGer G Dutaa R oot a3 Sieimeerle Pl RELAS £
portion afeeplens Rémpoints ki todfry'8 Phedopld andi3ta frgtba\oEithe dverdl sigér o- acti ve
regi on can pe adjacent to another_e|lectro-active region. An electro-active
regi on caff ﬁf‘ggc?féﬁdﬁyé"mﬂ‘i@?- Ineﬁa%mcwnlw IPEHUR SRt di r ect | y,
- or i ndiregddsibf Myfao?ai@lﬁﬁmﬁo—aéﬁbé RabEsMdked BELVIRARE BRGRGS ARk 0-active

- region. An "electro-active refractive matrix" is both an electro-active
zone and pwyideh aifier haongbdtsewa sHoeturab design aed/or by stayoofat netwerk afer |

el ther di i6iihbdve, Qhred WIAEEE bt Hheachhs SHAIPE: @R REYL gL, et ween each

el ectro- I've | ayer. can I'n nding, depositing,
adher i ng, fmmndomoproparlywel | - known attachnent nethods. A "controller” can

i ncl ude o I.ncl uded in a . progessor, .a nmigroprocessor, an integrated
circuit, g’rqgwoaaséﬁﬁpw r“"cdﬁﬁ%[?“g’é‘ﬁd/:ﬁ#m ,"‘mﬁ‘i’fﬁ%’.e ' Ee‘i‘?aﬁ‘t"ﬁ?ﬁo"can i ncl ude
a contr ol &xglanafitns’ ¥t Rarfol I REHP are CRFW | POVIMEE T RUR sirifidhs 2y zer. ' Near
di stance refractive error' can include presbyopia and any ot her WO

03/ 09061 1%¥anatieRsrg petnscessarly ipfendedgg 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 eleciro-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 tegion 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 compater 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




refractive error needed to be corrected for one to see clearly at near

di st anc®OO¥PMIE, redi ate di stance refractive error” carPGUAE08/d2528 he degree
of presbyopi a needed to be corrected an internedi ate di stance and any ot her
refractive error needed to be corregted for one to see clearly 3t AUG 2006

I nternmedi ate di stance. "Far distance refractive error” can include any
refractive error needed to be corrected 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 - | ntregmmﬁr@f ngedadatc bt qempetbd for one dboet cRarly nafhessr wistaigeut 5 f eet .

" Far- | nt @4 0pdl 6 BEShaNGRacn IbioPPed O AARL e 5oL SEDrelRopAGULadP T ect.

"Far di stance y De any distance Wween a an inity, and
nmor e pr efieibakbytectedhn Mtdryhediatodistanei i ahy ottef Fdtictiveeor meded®rbd ncl ude

nyopi a, hyperopia, astignmatis and/ or pregbyopia._ "Non-conventional
refracti S?tF&f"r eyt ?F@I ‘E}EPé{TY]l %@Wﬁ@g si‘?‘é‘i’f%l | 5 disigace, Q&aﬁ‘iﬁ‘éﬁ of the
ocul ar s Yo MtandinEludd ¥nl@btiveSdor Ghidéa 160k QbrrRAdd FRUnds ded de&RNVeENt i ONal
refractive error. "'%mlécal refractive error” can include any abérrations

associ at &g fangistancg. digianee’’ m4y0 bg &pmt gboyeé inches torabowt 2Rinckes, and' spect acl e”
can i ncl 0 foe] ehy : ' 118 SDEG £c..can. include nore
t han one %ﬁsﬁgﬁkﬁﬁuq({n? é@a?é} ‘[éﬂr%gdt]gg%ﬂ&?nlgl W&g&bi 'ocaﬁl,ten?l%?‘f%ecal,

guadr af oafistancah tiag e fromy hess i22dnc@s td atat bdos. “Par-Thtermalae distdnegts bl ank can

i nclude a_l eps_ bl ank t has finished optical surface on both sides. A

"semi-fi rﬂ]@hgﬁ'ﬁ%g@“ﬁ{ﬁ%ﬁt E’aﬁbq“ﬁ&s&%t' a%ltaéﬂéstwg{lﬁla?ﬁﬁ afWa&“aB‘Ff’ one side

~only, a Hetwdeah@duoOps ifsealana%f@gﬁ,anarﬁoﬁnp&m i@finity. A CondetAalpt i cal |y
e

bf nished surface, the |ens needing further nodifications, such as, for
exanpl e, TETAGHYP F4T0RN 8Atb InChilei BIPRie, hyperopirs lestigmatisa, cang/as swestyepirens .

" Sur f aci NgjonCARvddEch (}Qﬁ.%lvggﬁ&g ansk. | ifﬁ‘gi R; erial to
finish a n(?rlll-f?‘rfﬁnrs&ﬁeﬂ surface of ca Sg%fd;?;?%ﬁuﬁ%e er%snquanﬁ. [’ggfm] FIG, 4
"is a, pehspeular sestemennd fany otherhrefiactivet emér ne acluded dat ¢congentional
phor opt er fractor t 00.. Frames 110 contain,electro-active |ens 120,
i ch arelriys S el ety ARG eob IReiRF B pPistions Gt
el ectro- acith ¥enb eptic. controller 140-and to an el ectrical power source 150.
[ 0080] | ain enbodinents, the tenples (not shown in FIL.G 1) of franes
110 conﬂg{iﬁ]bﬁt‘fe&a’r"e@‘bﬁ‘ﬁ‘%ﬁ’%@r & otheciecles faf Hslude opnesslentn 1B 0Fehi cr o- f uel
cel . 1n pitdaimals, 8347280601 cRGhEIWED Blofe?BAB o 13ds. AU dBG8cal” 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

"semni-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 :slectso-active..
phoropter/refractor system 100. Frames 110 contain electro-active lens 120, ‘which
are connected via a metwork of conductive wires 130 to an electro-active lens
controlier 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




‘inventive enbodiments, the tenple or tenples of frame 110 possess the
needed VEPB¥M#dal conponents so that a power cord is pPOHY&wes2zBect|y into
an electrical outlet and/or the electro-active refractor's

control |l er/ progranmer 160. [0081] Stig! in other inventive embodilmdui & t he
el ectro-active |l enses 120 are nounted in a housing assenbly which is
suspended so one could sinply position one's face properly in order to

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

| enses, i ipvepitea¢mbasiiments,i the gemplecoretrinpiisneiirame Dt pastess dheotededact i ve

| enses ar d,. St i ther inventi.ve.enbod.nents, a c I.nation of
convent i o%lgfﬁgn%oén onéx#]t% Sgltg%ttar BO%EL Frd ip é’m&‘?%‘%(’tﬁf Htf’zaé‘de.cig‘?%?@:%] FIG 2
i s a di agoatierahd/cr tié electis-adtiveefeagidrdicyneaeidRhmef 1600 el ectro- active
refractor_gﬁéitgm 200 that includes housing assenbly 210 that contains at

| east on il JnRifen, dnventiee opbodimentse Fae glecaameiyn ilenses 12Qnaes,
specifica s BriRaki hﬁ:ﬁ?w%ﬁ:‘ﬂ"- ' ' ; jgrmati c | ens
250, and g?ﬁzeltre ?(?gfa %ﬁ%g%sg_ net V\olrs E%P(??H%doﬁ%hg{l??/%é%w@?ﬁﬁgﬁ Iéonnects

t he el ect pae'afce propedyign 2ederito leok) tweughsthe releetid #6tive tesks¢sowhile beingol | er 280,
t hat provi teld prescription display 290. [0084] In each inventive

enbodi nmen ere multiple electro-active |lenses and/or a conbination of
convent i of}082pWhile|the firsd -inwdniive elnbodiawne utliztsi dnly @ hairt Sfeclb@RSagivean be
used to tfst one's vision.in a random and/ or _non-random one-at-a-ti ne

sequence. ‘SRFES: G FRIfAI QENCH dR¥Fad dEepis, mulple eleggpactive, levsesate added

. together giedi Bl dn loffedlinveafivé BfbbditaeRRE" contbidatiBh lof Yo nf/Epds needed.
' [0085] The el ectro-active | enses, which are utilized in bot the.
el ect r o- adad glectroAeEyoiontss agefilize@ el ectro- active eyewear, are conprised of

either a ' r ‘a%ﬂﬁﬂﬁaﬁ | C Ll . yhrid,construction,

a; convenmo?%]aﬁ(?{lgirﬁ% %lp I C &Pé’,mvgg%%%%#%&%m%&#%?%cﬁa&%{%%%e zone. In
a non- hybeadgtiye refoactor system A0 thao inchmies housinyadsserhisin 210 giiat eontaingi sedast[ 0086] As

di scussed_abgve, t L nv ilon differs fromtoday's conyentional

di spensi na&pgg%oi'aggg‘% e&‘ﬁ?ﬁ@ gmgé?j{er%pgwnpgn@h =§Ee%??a¥‘8 Wemin FIG

3. As  shine230, piestc BA0240)dstAhitictlEmdisn] el gré%ﬂ'% 1Y 266 XA Hefiddck ON

i nvol vi ng P V\Qu 031090611 PCT/ US03/ 12528 31 A
of conductive wires 2/0 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 1is:
combined with-an electro-active zone. In a non-hybrid construction, no conventional
lens optic is used.

[0086] As discussed a’oove,. 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




10 conventional refractor is foll owed by obtaining one's prescription and

t aki ng M3 Mtescription to a di spenser. Then, as showcTAiSostzsps 330 and
340, at the dispenser one's franes and |l ens are selected. As sh?wmpﬁtuﬁtep
350 and 360, the lenses are fabricafed, edged, and assenbled in b g
frames. Finally, at step 370, the néew prescription eyegl asses are

di spensed and received. [0087]- As shown in the flow diagramof FIG 4, in
an exenpl ary enbodi nent of one inventive dispensing nmethod 400, at step
410 the electro-active eyewear is selected by or for the wearer. At step
420, the donemsiond refrddtert Bdotlowed by whtaiming o't [prasbrptismaarel takmgathiatng t he

el ectro-active. eyewe at ep 430, the ele onj are, contraolled by the
el ectro- efE‘F‘icV%mﬁ‘htBr%gilrs ref[‘ﬁlgl&aérsgegﬂta?&ep%%é é’l’é Si&?ﬂaéﬁhef RBEE cases is
oper at ed day's fAes a8 3¢m ¢ Q£IRSEH.0NA khevWAtl Okted 850 AhE 1380, thEQ¥@Kehre i N Ccertain
I nventive enbodinments, the patient or wearer can actually operate the

control dJolericatedapdeed,grd assegipledointe fiee Framss Fipallo rat tep B rthe W

el ectro- |Me. 3 | L enbodi nents, both the

patient/ %%gféﬁlégﬁéé%%wéé%g%&gﬁﬁg%{%g%%l\gﬁ%l and/or technician work with

t he cont rf86873 rAstsbgwn frethe flo@0di8grasitof FIGp4,4d Gn exdmeplanyeirbodinggns bEone whet her
oper at ed .by t.he .eyecare rof,essional,. .technician.  and/or .th

pati ent | vBtgedve ARbR e ipo o 100 2 PER wp S el e SRV S S i vel y ¢ he
best cor ngarifaghweser. i kicpA200he faged areifftic ty\R idarer. WBthé®wtR6t | Ng t he
proper prescri glon to correct the patient/wearer's vision to it's optinal

corr ect | GHfanpR deRataractipy eYeear sharp 630. e placteanins arneontalisg Pufke t he
pal | ent ' hSEBlaehvepithSALiOnaabl hnBY SURAL widiiHodt asBDR dpliefidldy e

!
' enbodi nent, the select'ed prescription I's progranmmed into “an el
eyewear donteyedareer professional @nd/ovr tenbmicianorflowévenr inorprtairninventiyy i or to the

sel ected %PH s agt | y ' . sconnected fromth ectro- active
phoroptere rbe ra‘%fsb(rﬁ{esp\@%'ﬁ:to?o eert.‘lggnl %‘%@P’c’lpﬁ n@?\'f%mléorlfﬁ %?Jﬁ%ﬁ(&h"}%he

prescri ptdonmoli theppregeriptiondof nicir ohva sletwshailceleasds! dnasthey gneyewear at a
later tine. 0090 ei ther, case the el ectro-active eyewear i s sel ected,
(tted PR bot i DAHEE B e Fissreimgotarsiopal pdled lEoHgidiane, ont
sequence vwdiRRithy SdttloNBrtbe@l&y! asses are today. This sequence allows for

I nproved nmanufacturin refracting and di spensing efficiencies. WO
03/ 09061 10958} Atcstep 1 44hgthe control system, whether operated by the eyecare

professional, technician, andf/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 techmician 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.




11 31 AUG 2006 [0091] Via this inventive nethod, the patient/wearer

| iteral WOWHA0E| ect their eyewear, wear them while thedrastesmzsef t heir
vision is taking place, and then have them progranmed for the correct
prescription. In nost cases, -but noj,all, this is done before &h&Ub 2006
pati ent/wearer |eaves the exam natiofif chair, thus, ensuring the total
fabrication and programm ng accuracy of the patient's final prescription,
as well as the accuracy of the eye refraction itself. Finally, in this
~inventive enbodinment the patient can literally wear their electro-active
eyegl assefotieviat hey ig@htivp method)f the hpaticay@siraa ksl an rseid thipceed out
of the eyecare professional's office. [0092] It _ should be pointed out that

ot her i nvePFE¥Fe WeRbAM KR the tehipe rob theit wisiog ip taking. piage: gRd then have

phor opt er f ' @Q&?ﬁ r b to QLT aln: wearer's
best cor réelgiﬁgé@%?lgfsngﬁ ?%ﬁgﬁéﬂ‘m%cggh i to ﬁ'elrlllg%di)dlﬂlbaesggibg{ Hrrtlg}cd?\i %ﬁﬁ?gﬁ% manner as
i n the pabsaforeGhe rpaticntyweaes lsavasetie ¢xamination chaiti thysa ensuringethe go@dcri pti on

to a dispensi.ng location where electro-acti eyewear (frames.and | enses)
b e sol o BRACAGH @ DR ReUICEuBeF Bl b Abact Tl NS achl ATREN 30C CTHS

prescri ptiherciipacyostt the lege refeuntion iksalf, FihAly, &x dipitentivecerb@ihédtahget, to a
di spensing | ocati pn__\/\hergwﬁl .ec{ro- active eyewear %arres and | enses) are
sol d. [ oogpsient Gandierally, wear fheir glectig-aghivegyeglasses when theyiget vp pwipfdbe t he poi nt

wher e theex%ﬁnaﬁbsfcﬁﬁfadcﬂﬁoéédwmhé@ﬁca&:}r&e;shﬁlia& bffentive enbodi ments an
el ectro-active eyewear controller, and/or one or nore controller

conponent B0921dt shewld rbeppaigted rons dhatnether inventiveeenbodimentk allewefor ithe act i ve

~ eyewear, L I ;gﬂ;gtag [ | n i e el ectro-active

' eyewear, ‘%%ﬁt{aoi\{/ﬁ%% Qﬁﬁgcrp%’g' rac |o)§4_ﬁI SJF“?PI% h%gp?é?!s z’gv%r[e]nrteédr?lotthgi ﬁaéle?ts Tadded to
t he el ectwenratstbesisconyetad aresciiftioneitdc isahacfilledeinamehvahs sainamiek @5, and/ or
one or nore controél er co onents,.is1 an intricate built-in H[i)art of the

el ect ro- €t P\‘?epi_‘séy WE"aqﬁya f BEEeE Wb’?vﬁ%é@“’% PGB RFCHIPHOR dPe? ti ne.
[0095] Fldspedding Socatibh Wliefl @6tRIhdtive 3 RER QB bnd fenddd9aReiold ANENt | ve

di spensi.n met hod 2700. At step 2710, the vision of the patient is
refracte ﬁEeP?ﬁjLany met hod. At step 2720, the prescription for the patient
i's obtai 9314 ti1P i€ Bther entt Qhéfs fic%? i :é&!'@.eﬁfyed' At step
2740, thg@gl e]ctro- active g?/ed\%:ee{l?é.i S fodr?sog?:;éme pﬁ%{mﬁpﬁ&[ gﬁv\earler S

prescr i ptiopaxample,svie thednBonet; toer dibprosing lemtion whepelermo-ictiveleyqveased. WO

03/ 09061 1eRCTL LIP3 dePRR 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
instailed 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 alater 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 prescriptibm At step 2750, the electro-active eyewear is dispensed.




12 31 AUG 2006 [0096] FIG 5 is a perspective view of another inventive
enbodi n®¥03@P06Ehe el ectro active eyewear 500. In this iRdTES08/&s28e exanpl e,
frames 510 contain generic electro- active | enses 520 and 522 that are

el ectrically coupl ed by connecting wires 530 to electro-active &Y e 06
controll er 540 and power source 550.7Section line Z-Z divides generic

el ectro-active. lens 520. [0097] Controller 540 acts as the "brains" of the
el ectro-active eyewear 500, and can contain at |east one processor
conponent, at |east one nenory conmponent for storing instructions and/or
data for [e0%PTLGS 3 B PpegrReiv view of anshéatinbarivt eabedinenpof thoukeptme- conponent

such as a port. Controller 540 can performco tatjonal .tasks such as
readi ng fESYA e¥EHed 100 FythisHIgstrRtve £32 R}54%%P§tr$:¢d=09@fq ZHPELC PEEE  applied

to indivigyal Heﬂ@s%zﬁlaﬁmhsthﬁaé@glc%cﬂff&&%dﬂ?ﬁ EGHkEtM Wil $3t5t0 and/ or
acting as a local interface between thHe patierit/user's eyewear and the

associ at etectroabtivec epeweah oopolter ML apdraewer [s0B88] 330n Seadon diperddve

enbodi ment ...control | 540. 1 programmed by the eyecare specialist or
t echni ci rabﬁu“fl% &Yeet© ?l etroﬁ%lct%ivéfrﬁngés%onver gence and accommbdative needs. In
t hi s enbqUe9m WontrbliérS4practs ps dg: "arainsT @f tie clen@-aiive eypntean500s andddh whi | e
controller 540 .is outside the patient's ]g%wear, and control |l 540 is

;
Lhen i nsEPRaH Airlesst e BIRSGRSSF cBPPERentd SRS ATRAPFBRTY FAMBAEM f¥font | ve
enbodi We%toﬂngomsfr@édo%_ Rfifor! 8aid fof ApR&EY " predPRtion URR Vit MBadt hena/ol t age to
grid elenents to obtain the necessary array of refractive indices to
correct tipputippeubpeorppynent. ssgeas 1 pertorCenteliee S4hsan perforan cemputalionplescri pti on
. changes, @gﬁ%] _ A0, Msdkink8n i [ inhto the

. eyewear g%kpﬁﬁlc}g%gm a |'g§fr.°§1ﬁ91[|ls _con?ﬁgﬁo‘geng&ro al u‘%gq%f@g%%sggsﬁé;f ASI C s,
or appl i appligintodpdicidialgrideleanems babed bn desited, refravdive irslices namdyor astimiy pr ocessi ng

commands pernpnent.| y i nprinted. .[ 0100 n_anot her iny, i ve_enbodi nent ;
b ol oot ot ntRy debaib e e ) PATees S YT i (9 RS adred byt he
eyecar e spRgitafphdtopdr ehgiphithei an when first dispensed, and later the sane

controller, or a conponent thereof, can be  reprogramed tq provide a
di f f er ent08%%] B caneoipveniive; srbogimeniy contrelles f40. Hapigprogmmmed by &g o- act i ve

eyevear GRBLHD! bgkialiBy &e Bdividal eth fmed the pugARer colVegeRh | fnd e
refractor™s controller/programmer (shown in FIGS. 1 and and reprogranmed
WO 03/ 09Ge¢ommoirtiveoayeds. 5 g this embodiment, this pre-programming is done on

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

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 embediment, the-electro-active eyewear controller may
be originally -programmed -by the eyecare specialist: or technician when- first
dispensed, and later the same controller, or 2 component thereof, can be
reprogrammed to provide a different cormrection, as the patient's needs change. This
electro-active eyewear controller may be extracted from the eyewear, placed in the

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




13 31 AUG 2006 during the exam nation, or reprogramred, in situ, by the
refract WO 030P8dLt renoval fromthe el ectro-active eyewdfT/USPHE528

el ectro-active eyewear controller in this case could, for exanpl e, be of a
class of FPGA's, or field programmabjge gate array architecture. |IMI LS

I nventive enbodi mnent the el ectro-active eyewear controller may be
permanently built into the eyewear and require only an interface link to
the refractor which issues the reprogranm ng conmands to the FPGA. Part of
this I'ink would include external AC power to the electro-active eyewear .
cont rol | eduringdi cuninitionanr RePregtapmed, in shedyete irefrackay widfoubicamevabhor opt er

or inits. controller/programmes. unjt 1] not jnventive

o bod ey o e B Epe R REHT Tod Hlekrd A el inEicl BN LEE |\

ext er nal @A, [FoE 8kamople) b of abyladshef PPEAal or ST pRdgrahmable tgachairgy an _

consi sts of _nerel ha_diin%i tal and/or anal ?g interface to the_el ectro-active
eyewear ' sCRifsRUFG M ghis e empodinent theplectioraptivesxsiiear cCBRtFdRf®r can al so

Serve as g BomARObRTinkPfhe! BRwes hRE OfkBNR PR Shrerthbe lillk So GEDOTI MeNt

t he necessa?y procggy ng electronics are available to alter the array of
grid vol trafreeior whichdssuéscibe reprograinuing eyramends tatbe FRGAoBad of thielink

el ectro-actiye wear_controller wit his.data after t Qpt.L mal
correct] oo SadHE AL eef fo e elpolidofy ey Re Pkl mBULT
patient teviaewsACheadaper c hawliegdddr fnighhdi s¢fhetorphbroplegctaro-act itye eyewear
during the exam nation and may be -unaware that as he/she is selecting the
best cor rEOEPHAPHRFAREET Biton “t'he controller in their electro-active

eyevear @161}l 4000 UslehtiNe dishodifdtt O tHeddBR b SR E LR Rk & hdtY -as [tHd 02]

Anot her innovati ve enbodi nent utilizes an electroni ¢ auto-refractor that

can be uEactes apd theegtempl eguipmentaperafeddyitbe AYacrSFPofialist prieclalieian r o- act i ve
refractor ] hﬁﬁiﬂ ﬁﬂqi ) f but not
limted tc(i)mﬁ%%pnﬁ\rqg?g} A;u 0- r%[* rac orof‘g&kﬁag%#)gm\;\%cgg Faé:? ?ﬁg?%v%arv\fﬁl ch have

been devetampreder. GFhusp did iebattrbactipy @myeslearf emdrdilac lcamhaled sesrecasrphe i bl e and
programed fo e Wth the inventiop'.s | pctro-active |lenses.. This

P ovat  verislesdBF i eactaaoronieir o B e Bibeb HERer Sy PIRRGPE whi 1 e t he
patient ogledtdaicerarté Siviiibld &Y aliérSther arlfl! oo kA€ VoRa@il tovte dRRtarGkes. This
feedback i's fed autonatically or manually into a contraoll er and/or

pr ogr anmeFYeVGR, A Tepresraghibe 5 F@‘é‘?ﬁﬁ"t}@w}éﬁ%c%mpifp‘f’%%%a@ AerdBeit rol | er of
the WO 03400 LdrElebn4eP Heldsee & empirically determined. In this case, the patient

reviews the eye charts through his/ler 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




14 31 AUG 2006 user/wearer's electro-active spectacles. In this innovative
enbodi nBi03/68¢d1s el ectro active spectacles can be re- FOTVEHRHSEB as needed
- wWithout requiring full eye exam nation or eye refraction. [0103] In
certain other inventive enbodinents,yone's vision correction isJ3d¢atlbelfited,
by way of one's electro-active lenses, to 20/20. This is obtained in nost
cases by correcting one's conventional refractive error (nyopia,

hyper opi a, astigmatism and/or presbyopia). In certain-other inventive
enbodi ments, non-conventional refractive error such as aberrations,

i r r egul aruseswegers ¢leo-atisk spectacleb.dn thisjrerovativerepheidimént, eng'sglectrthe eye are
measured and correct ed wel |..as conventional.. refract.ive. arr (nmyopi a,
hyper opi at}ctlggﬁp&ﬁﬁ%h«% rﬁaﬁﬂ% orF"cﬁlrl@?tgéoﬁ aﬁ . n“flﬁlé’u ﬁ\%“ﬁ’t’?g/efuﬁeﬁg%di ment s
wher eby ahx@niidition B8 eyd fefr@@ohar astigmatism and/or ocul ar |ayer
irregularities of the eye are corrected in addition to cqnventignal

ref r act i V@193)r1g certaig nther inveativherabefiments.nes MEeR COTSEHAY It eIBStedo bet t er
than 207 20, way ok oiies bRcrDhdiive Ibfies 18(40750, i hdined IPme® dldes 1/ OF LO-
better than 20/10. f0104 Thi s agvant ageous error correction iIs

acconpl i stesmgcting wne's i conveptiohd  mfrsctiveo errax (inyepih e hypgopia, aitignayismear

ef fectivel y,,as_an adaptive tic. Adapti.ve opti.cs have bheen denpnstrated
and in usBOYS; PREORHY p et Sinet Iherve chibiodiments Bpn o epdgal

gr ound- bagfidcibet é9mOBRchakhs tabtresRagehregllir WBtifmatent, 0find/GxS @tulad ddy8f1 SSi on

t hrough t he at,r,mspPere for comunications and mlitary applicatjons. In
these cas@Sgulagitent dbe cge arg qRassyred And; gpreecifde a&swa!h%s é‘gPS’P%@&lto make

smal | corfkgativaRerol opihf RAEmAM st MI/or TrEByOpia). 38 e ihdafilyave. These
mrrors are nani pSI g?%%b%cﬁg’ni cal Sact uatl?r%s Fﬁﬁlﬁrjost gellses. [ 0105]

Adapt i ve @phadigents swhgsphy abienraions.s irgegulars agigowdison andfory ecydaroldyey of t he

ocular s - t | S41C, - : gpﬂ nmeasur es
t he mvef%ﬁ@%ﬁss{ro@ iegg q%)e"f Q@ﬁ;}]eg rﬂt ‘eiﬂfoélﬁ& na %?%?Ogglcl‘e?%ﬁé%er e i mage
creat ed ometshisioretaniz. cofilected inmany edsesvavkettenthin 2020 ysicls an®s20/ES ta pl ane or
spheri cal, prope a asyres.the di rtion inparted on this

wav ef rontbegtﬁr&’ﬂ’é&@\cig‘l t&%&‘@‘; r?%9et@5ﬂi?ﬁr2|% ‘the initial wavefront with
the di st 00164 THIS adPnfdstdds kol ¥aikdtiRh i€ aftodflliShdd Meuliliahg thaluliaal i ties
exist in the ocular system and prescribe an appropriate corrective

prescri pti°H¥e lepses @ the evevispe FHpCtshRS Inilagts gpric Mslaptis eptics devanal yzer s,
hovwever, ML @3hBRRRHY RETE HROBf Adr? Jears 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,




15 31 AUG 2006 the adaption of the electro-active | enses described here
for useWQP3@Pher a transmissive or reflective spati aPCEU§d¥125edul ator to
perform such wavefront analysis is included within the invention. E;( I es
of wavefront analyzers are provided den U S. Pat. Nos. 5,777,719 é AUG; 24

and 5,949,521 (WIllianms), each of which is herein incorporated by
reference in its entirety.. [0106] In certain enbodi nents of the present

i nvention, however, snall corrections or adjustnments are nmade to the

el ectro-active |l enses so that an inmage |ightwave is inparted by a grid
array of thé exlapticlof thdrélm-ap;dtimllsnsmHMcmMehemf foreﬁsea(asicithenm be

al tered, acceleratln or sl ow do the |i ) ough.them by the
21 t o abi dFRASRYE P RREve g Al R BPlubPE e PR VR TRBh BERE acpt  ve
optic, Wi @ﬁbludéanmmmmaé@ohoam@es 8N eapdtont BRdIYRls hiBRAGVIAEd ton i n the
optics of the e itself in__orde 0 obtain a nearly aberratlonfreelmage

on the rdéSn&at Neso?{777.41% sMilliams) anb A9 S28 PG Hiamsht aach (9 eiche i he
el ectro- %?ehdﬁmb@&?atétfbﬁ‘éh{ré’nce% SI ‘onal fixed spatial aberrations
‘caused by t s optiical system can conpensated for by incorporating
the snal [[016fden celftam efnha(‘mnems afdhe presend uwention, dpweter, $thall gorostions si on
correction pte cr| t|o the atient/user. l.n thi.s, wa vision can
be correc(lrea@ ftof)lg?f: ?' V}ﬁlés[es&fstfaa aBetmé‘gﬁ:h W&¥W§h conmon
conver gerifpaAsiibp s m‘@ﬁﬁltdf@&cﬁﬁhmﬁﬁﬁv&ﬂ'ﬁxclﬁﬂﬂmsé thdeRBY réfAR&sn caoul d resul t
visign hetter than 20/20, [0108] In order to achieve this better than

20/ 20 coriectlieresh aceqierating Péﬁlo“gn&)éewarthe AigBt P@&S%n@% @émrr@éé]i!ﬁ ed by, for
exanpl e, B &a&@mﬁ%sﬁmea&éc%-&abé 1%4; Be:ofhes WA U84 paE RAfh O

anal yzer designed speC|f|ca ly for eye aberration ne sure nts. Once the
ocul ar ab@nucampwgteefmthemﬂ@rentym@glmiperfgtmmnmwtmaftheeafysamlfue error

h b tiall th troll th
ave ee%f@ﬁg‘gémsﬁgagﬁégﬁn}ée%fr@g@ ncorp% %{1@ tr‘?["?l% lally, e controller in e

eyewear can 2-1) spatially-dependent
i ndex: of[0#07]dntdenain inhentiye enitedimany dreaise the kldheaeiwbizns 4 fdhs and ot her

types. of non conven I fract.ive err n addition to the overaII
nyopi a, aercg)@g Bﬁagab%l}?%grca“%jt X ﬁvgﬁp EYSteTy FAn B,

enbodi ne p@flsafdﬂ@oﬂ)ﬁﬁfcél?o gm& dn@iMSin@éx bf YefrRdRABrectidhy QR tbPBf Can
el ectro-actively correct for aberrations of the patient's ocular system or

creat ed HYe g198s Yigior copestion npgscopti@oersds ofty| jusers brgthis way, vision

can be comected 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.




' such as

16 31 AUG 2006 [0109] Thus, for exanple, a certain power correction of
-3.50 dwopseestiay be required in a certain el ectro-acPCVaIS812828gent | ens
to correct a wearer's nyopia. In this case, an array of different
voltages, Vt ... VN, is applied to tpe Melenents in the gridh;[r%mﬁ
generate an array of different indices of refraction, N N I'C
give the electro-active lens a power of -3.50 diopters. However, certain
elenents in the grid array nay require up to plus or mnus 0.50 units
change in their index NI ... NMto correct for ocul ar aberrations and/or
non- conv 1093 Maks,r fef rexaiples a @irtainr poWdrecanmtibn \ob|-8 Hfedidptoisatap ke
correspondi ng .to these changes_ are applied.to th appropriat.e grid

of eront P i AP FIEHE 5546 IRGPERL Logs 10 Sareal ¢ VeteagBeShitolio] |
order to Rel8&! an GHANbE differcanN¥olizes; V,I.ECV\@Ss APpliBd &5 thedd ldments @r non-
conventional refractive error such as irregular astigmatism qcular
refractihe grid aoghte gendrate ansaedy efsdiffsent jadiges ©f refretional1 | aydiMon t he
front of nga, a0t I oh dnh n ;

i rregul arvl5 ‘l%e%?;etﬁ*g?%Jcégggﬁ%kggf%ﬁéfl fg'r?Pi %Sp{ag{fs quor%%gﬂ\%gﬁrﬁlgous

i rregul ardidmenss inahe frid ardyhupny edgeire ap koplas onwded 0S50 udis changedn theaf r act i ve

system itself, t el ectro-active.refractor/phoropter.is,used.according to
an enbodi‘ﬂ%‘ftg'bf' -rﬁehﬁ@ SORFEOT OB ST 8 oF RO COVERPTB} fel‘s’f_f%“’ee. [0111]
At step GHor. RiclsHRll VOIERIURTRiIbA I rrekRindaip 10 thesd Bhagesire @ppliddity ehe ef ract or
having both conventional and el ectro-active_ |lenses, or an electro-active

r ef r act oraPBEPFiAl gridslgmeat, dp addition-to; the base myopia-carreging VRIS Sef r act or, i s

utilized o [ S ' £ens powers
r%b%ﬂgqﬂs&f&& Nfetet, @Ia‘h | ahf/or CofrPét 4% {(npﬁ GONGERHILE GBR ok

power (for nyopes), plus power hyperopes), cylindrical
power ancdoaxdéntiofdlo referstivey restor ssvch aasd ipegwan pstiganatistng nocutas etpRACtINGt i | i zi ng

thi s appr.oach, .one w || .get at. i s _kpown tod: ' ' BVA (best
Vi sual AP ush o fo? SR et far AL 06 BoaPOrbd Sl W,

However, d®atlabfthe zboda, mguésusdfregulitieviae fioatiorshdck of therlenticfir dansng one' s
vi sion beyond what today's _con\égnt I onal rg@gag)t}eor/ horoopters wll:

achi eve. .VIFCOUS &% a.nf:ﬁ%pé]fgr(gl,aer EHRUSER CHISEY PYEY A% FEPERYT SYSEM nenent  of
one' s prgagl! fhkiefRirbAchve ROACIGAPAROSEORAsed AYREdihY %o ¥R ¥mbbdinfhepf 610, the
prescription, which acconplishes this end point, is progranmmed into the
el ect r o- 4b¢ inventpefpreseripiion mpthod 8RG eff¥G- 8. properly positioned to | ook

t hrough t | C ClLii ' by Qs LRiget i ve

St ot ur d0F R (RO CLE o LERBRTdNlOR, Butdohrodiclfe eBafBl BAME ot W0
03/ 09061 hoECTHIBNAHIR 3B electro-active lenses, or an electro-active refractor having

only electro-active lenses, or an auto-refractor, is utilized to ineasure 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




17 31 AUG 2006 analyzer, which automatically neasures precisely the

ref ract WOO3BMEY . This refractive error measurenent dePEFUSOHHIZZuantifies
as much non-conventional refractive errors as possible. This nmeasurenent
is taken through a small, approxi matgfy 4.29 nm targeted area Jof Afa2i

el ectro-active lens, while automatically conputing the necessary
prescription to achieve the best focus on the fovea along the |ine-of-sight
while the patient is |ooking through the targeted area of the

el ectro-active lens. Once, this nmeasurenment is nade this non-conventional
correct i oRUAEER VY autqmatically measwees nremselivibe aefrastiseempmahispafientyef or future
use or ity H&&%M i : . . he

el ectro- agl'ltrl&vﬁelg#grr?g{gs. Thi's, d@%%?%@@%’?fgﬁ%{l&e% 5‘%9%%?%&%%@5. [0113]
At step 629possible. Jhis matsuoament dy tkem thwongly a amatlhepproxiptaiedy) 4cd9%emim,t 0 use a
control upit ich wll .allow themto furfher refine the conventi onal
refracti vgar%ertérlg(; Preac\é% B i%‘?f\,gof% Vi, IFse oW, aetsRticlly (CoppulRg etﬁlFor

correct i onecessarypreqitiptiontd AhiedE thdBdshfocad dn ik vid ok ARl LiddLASEgHEPt i on, to
their liking. Alternatively, or in addition, the eyecare professional nmay
refine it VRiifihepafientdplopking threughdthe targsted aree of theplestrojastivedens. ineed. At this
poi nt, ang; AN B ) . t ; |4l Vi a
convent i o%ﬂégl'rﬂ{eet:hni qggss],t"[ﬁ\g\ne Wﬁg@&%ﬁ%&g@ c%%&clt}ﬁﬁ algte?@%&eg%gégoi,ﬁbtégy further
refined peeswteyprpgramner tthemonyrfogfetreedse ot ¢ isfthen poograromed rintovihi ch

controls - lve ses. prescription. At. ste 0,, the
progr améﬂh&o@%ﬁ%{c&gﬁ%éﬁ%%é% éﬁﬁ(‘-f%?egﬁ? @#’jg’p‘gorfé) e ‘fé‘i%ﬁeg&ﬂﬁ ]P%Et he

pr ecedi ngewseps 610 t hrough 640 present an enbodi nent of one inventive
met hod, dgp LNg up he eyecare professional's judgenment or approach,
numer ous @ﬂﬁ?ﬁ‘%g‘ﬁ’ ﬁgﬁ é’f’rﬂafl L FpPrBechE RayuddheiE opden ofsst fetce,

quanti fy, cont@l edit #AichQll 2066 e kS htthet' RIS 1R b¥ntRnSCi R ldrbs '

refractors/phoropters or. in conbination with, .wayefront:.analyzers,

. Any. , net #REEECteRy thethoeconyentional refracitysearms, coneation,tdr| 4 zembimatied et r o- act i ve
refract or 4 on@ARhE thi oy i orrect .one' s vision,
whet her in conj uncttfloﬁn%ﬁrﬁs%gpt\}\%\’/g#?%#tﬂ%nr%é@gg{raggcr&h%ﬁg adglglogbtﬁgi dered
part of téyecimpsofiessional Feay wfiaeit, esmtil in ceme ajagesi 1y dmither erefindinelitnignt s,

steps 610 [ h may be perf in, either _a nodified or even a
differ entpﬁaﬁgg-ﬁwgpﬁe@@ Qveﬁ'm{%mwgt»w@ég%ﬂaw BreHakle| nyent i ve
met hods, WocOB/effdifal fechiiqiddSRBl HelizBikved. _

[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. methad, no matter in: ‘what
sequence, that utlizes 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,




18 31 AUG 2006 the targeted area of the lens referred to in step 610 S
wi thin WROMWHe of about 3.0 nillinmeters in diameter PPE&"“&%I}&SB 0
mllinmeters in dianmeter. Still in other inventive enbodinents,

targeted area can be anywhere fromggout 2.0 nillimeters in di anfﬂt éﬂﬁﬁﬂﬂﬁto
the area of the entire lens. [0116] Al though this discussion has thus far
concentrated on refraction using various forns of electro-active | enses

al one or in conbination with wavefront analyzers to performthe eye

exam nation of the future, there is another possibility that new energing
t echnol ogyie tragetal dremof thapéns r&&m@b&jﬁen&&w&%awiﬂhar@ﬁ&gevﬁa@ut Bg&rentially

elimnatin communi.cat ed f.esponse . o i hteraction.
Many of t‘ﬂgmfﬂ\/’g %%’fﬁ%ﬁﬁ?@é mﬂé@&%%ﬁ*%ﬁ‘?’bﬁ“@‘ﬁo ‘é’?té h are
i ntended dnfbodiifidats)ithd) taxpated MRR @ BEaByiiedg fions about E\tbemﬂﬁme!éﬂsl Rctive,

subjective, or a conbination of both. [0117] Turning now to the
el ectro- é&%‘ﬂ?ﬁ@fqpe‘ﬁéh‘?%f%?ﬁtheﬁ%mﬁi@éussed above, an enbodi nent of the

present e@!ﬂjtm%u Qﬁﬁrﬁﬁmﬂﬂo ']Pa%t{hﬁs%f'c}éﬁceg ?C&Prré%rlﬁﬁp&s% that has

a novel ectro-ac | ens, that can either dor o
non- hybr mnousntﬁ@mr:u@ft ﬁlgntm-B;tlmybnsas adomss or untcombmauonsw;tbamve&oubnbl nati on

of a conve on e VI sion. 0 t ens h at | east
one el ect%ﬂrsIlt %ge 1hf: tex"(i]mma%o’% ﬂ%;}f’ﬁf%'fe ?d&t?r? %{(H?s%l\é:fh ace, and/or
i n bet weaﬂaﬂﬂw émagmgaa@nbw iy AIReesimply for dHfaREive msz&emags,aﬁuﬁn

el ectro-active material having the necessary el ectro-active nmeans to
change fcRﬂS“émé]I%c?]H“BétHgyath mfsé Fori A @AM nERmEUBICateR e TSSPRSR Pon, the

el ectr o- agietdtBor, (Mﬁly'o“’ftﬁ@ﬁ%ﬁdw&%hib\bdﬁh&%%s&iﬁeﬁ%d!o?&aﬁﬁe& R&eih@Rs or on the
back concave surfaCe of the lens to protect it from scratches and ot her

nor mal . weigtendgdfotwask w&ma.tmwf mpashng sistem, svhether pbiective, sakiective, i ncl uded
as part oJ tcg b:{ag ‘?ﬁ surface, in nbst cases a scratch resistant
coating is app e corrbl nation of the conventional single vision |ens
or at corf0ELd]iTunshg ndw itbothel eleetns-active lehe iedel( tasodisanked abawar)eargi ves t he

total |ens wer t he hybrid.l ens design, By non-hybr ' neant a
| ens whi cﬁ?qo@%t‘[né(?? gﬁﬁef'ggwlﬁﬂtécfne‘iﬂ?"?f&% IP‘? ﬁlefﬁ'é‘?"%‘fe Te%‘(ré‘cgf’g?‘l?%wa’\'/e power is
gener at ech&dlae hk‘xobﬂ eldcroQkied lefs, Akt iceeiflih BE OF aﬂ-@ﬂﬁ@br bt Snorlhitsrid front

Vi ew, and FI G ?‘&%‘ftlon view taken along |1ne A-A of an enbodi nent
of an exé&®p °’I‘ry%¥ b genstryction jt\is megat g &en@ma@ﬁg of goconveatiaspl W0

03/ 09061 lsnng_ Lo 3t A2ndBfocal 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 elecirically. 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




19 31 AUG 2006 illustrative exanple, lens 700 includes a | ens optic 710.
Att ache¥a®/%4s optic 710 is an el ectro-active refractPGEUHRMIZIZR 720, that
can have one or nore electro-active regions that occupy all or 8 F%%dﬁn
of electro-active refractive matrix A. Also attached to |lens ‘op 0
and at least partially surrounding electro-active refractive matrix 720 is
framng | ayer 730. Lens optic 710 includes an astigmatic power correction
region 740 having an astignmatic axis A-Arotated, in this specific exanple

only, approxi mately 45 degrees clockw se from horizontal. Covering :
el ect r o- adHpsfative exfamide. ilens 70 dndlydes adensiptic 730n Adtpched torlerpamtic S 184 opt i onal

| rhderi &) 2Bt
O et v e 0 el ) REVSAETA LAY A SSREBBR 10

El ect r o- aatgioms thaf veaipy\all omb rpoxtioh?6f elacirabative refradtivéemainixal30gmdant | ayer,

a netallic | r,.,a cond ing layer, and/or an insulatin l.ayer. [0120]
T an al ¢ AR REREF A auEES iRl s iine enbgaete FEGtRE
el i m nat ednatfiQ 120afs fr@fmgORYCTIOL A dptict P10 BicludiRd Qh CasBRMBYic PBWYr | N
another alternative enbodinent, |ens optic 710 can correct for either far
di st ance, SeE&aftiogiregian 40 havieg ¥ astigareic axin d-Afgtatedy i this spesifieeRampiral
refractiv T, i kel | Lo ' I: 0f [ nd/: aspheric
Crrors, EaDt RErosly s MR R BlokkoisC o i fonsn FOU AR ecn BT 720,
di st ance, refmative nfatix TR anddramsing layeoT3(visfin apticnabcaver tayesIfith as

aberratio ot her enbodi.nents, .electro-active refr |ve.mgtri x 720 can
correct gﬁ{z"b g}stw@?b ec'glﬂc&?@sﬁfiil BAT SFCPsACtYs ?’%H?L”?azﬂ %?&15585% ror and
|h ens bopt i dca ki e@@tdal axg;t/mes 'polfylﬁ:[er gen \E%Hli:o%ﬁtve f@faﬁaﬁe_t hn\éﬁ‘iy@'r{'l'(géapdzﬂ&lz 1] It

as been discovered that an el ectro-active |ens having a hybrid,

constructi “‘%p%‘r%’&éﬁ‘eﬁ'a‘éy‘?eﬁ mstalliclayer, g condigting laygie andfopfd ingylating o

non- hybri dajegns. These advant ages are |l ower electrical power needs,

smal l er battery size,. longer battery life expectancy, |ess conpl ex

el ect ri call0X30f duyan elfernstivgenmbngdiment: atigmatie pemectinm segient dkis cliovimated

manuf act urg QS S, N l.C rgw arency. .and increased
structur aISbint% eig)ér]%t?}).dcl—g%\%gﬁgagﬁo #rusgbcr% no e%‘ﬁ?’hé? %8&19 h t?xlzﬂggve
el ect r o- acinibediniennders optia 70 tche correntorsatthenfar dibvmbé,agesdisianed, usli/ag r educed
'[28 bgkness b%ﬁlc,j an Sasny srtr)%tng %81%\%1%:‘131%1 Ie: acugigl eor?o(i):,6 }n%:lch)hcl;rg/ lsJ;'i]%?ﬁjc,l g?ﬁ%ngo 31 AL

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] &t 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.




[0122] It al so has been discovered that both, the non-hybrid, and in sone
enbodi nRENGEE ful| field hybrid and partial field hpeATEOHpIoach, will
al l ow for mass manufacturing of a very limted nunber of SKUs (Stock
Keepi ng Units) when, for exanple, thg electro-active structuraldldéds g6
utilized is that of a multi-grid electro-active structure. In this case,,
it would only be necessary when mass manufacturing to focus primarily on a
limted nunber of differentiated features such as curvature and size for

t he wearer! giat nigal conpatibility. [0123] To understand the
significam{?2 t @S hpsnhesw efqovered nainhoth (fhe aroschibaids rrad iusbme of

traditi ongmbb&Rfenl aRKENTREFIRG iﬁ%‘ﬁﬁ?ﬁ%ﬂ%’%&?}mﬁ% Qut 95%  of

corrective prescriptions include rection Wwthin a range
of -6.00 mAspypraNfsctutng6f Heerylioged nemberofGKI% Sitait Brepingdfimtewhen, Based on

this ran about .49 commoply .prescri ped sphere rs. O those
prescri p'? ?%né%?’a#}ﬁ-cﬁlﬁcg‘g’—agﬁw 3@"6‘{';&"%%‘%? d’%‘i‘f‘%ctﬁ 6‘??? 03%&5)‘3% fall

Wi thin t helecangetivel strbn@®. dh dhiseéel & wbull0onl BOtRESssaty wher SnslsOPt er

i ncrenments., E&ged on this range, there are about 33 commonly prescribed
ast i gmat i &BRcUpng thfé’r“)‘s m&y.oneé&m@m gheiffesanfinied featureasuch

conponent ag AEVWRMR and sREEE thE %eﬁiapsl%na%ﬂcﬁ%g@ﬁiﬁ%m@{yaa“ | gmatic axis

orientations, which are typically prescrib egree increnments. Thus,
t here ar e[0338bTaiupderstand the signifirandecofaiis smprovsmentporieansst uhak@dld ter eover

many presgiifld $sadt | onponent to correct for esbyopi a.
Of those %ﬁ%‘s}%ﬂrl pt |d§)dr%)s g% élhagl\%/sg&gﬂ tg)s b PO REIPHERS- A&’BB'U??‘%S% fall
. Wi thin thef caragtivepresctipfiond mcihde @Gplitr@powedrorreEtich Withif iaGRARS ofl-§00ENMENL S,

‘- thereby rnesulting in.about.9 nly prescribed presbyopic powers. [0125]
Because 58193%& o"'gﬁ‘(?{g‘m’.gtc’fff mt%g%?ﬁﬂ%ﬁ“@&n%%‘\ﬁnd@&féﬁg% Bt wreal |

cyl i ndri cabout a8 cSmmAL: prescBBEY itk foRekS O HRRS pre? '
el ectro-actjve |ens glg(npr serveﬁ{hhe %&9, 080 (249%%%9@:%2%1@? ag) ,

di f f er ent APEEEEP SoPEsion. Fhe 958 allnwithin K range of e409 diapttrs te+4.60s can

el'i m nat eqfopRr)GRI 59 diBRsr iMPRHERC! ng/.or 0 numerous .l ens bl ank
SKUs, and of possibly greater |npngs?t]§égr§§%,0%cg{rl1§)é'#ér%§§% "‘Fﬁeaboﬁteéé to grind
and pol i sprramenly|psesstibéchastighatia (graeylinder) powpat Benussagtigatitism ek @a. [ 0126]

To accouni,:fo ary | eps _curvature hat nma e needed tog
accorrrmda%'xelg aén%%ﬂc}))%&étalﬁosg%ﬁlés -gﬁecﬁr%sébf)ﬁ%§6§h§ ,ee%fgl MG ARS et c.
somewhat inEB100906ith RETHHISABA pbctibed in 3 MefldsiR@OBents. 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 preshyopic corrections, one non-hybrid electro-active lens can
serve the 5,239,080 (=49.x 33 x.360 x.- 9).different prescriptions.. Thus, one ne_nn.
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

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




nmore than one non-hybrid electro-active | ens SKU coul d be nmass manuf act ured
and/ or So@ekw@itNevert hel ess, the nunber of SKU s coul dedmusosdeeed from

mllions to about five or less. [0127] In the case of the hybrid
el ectro-active lens, it has been disgovered that by correcting ¥loAU6 2008
conventional refractive error with t | ens optic and utilizing a nostly

centered electro-active layer, iris possible to also reduce the nunber of
SKU s needed. Referring to FIG 7, lens 700 can be rotated as needed to

pl ace astigmatic axis A-Ain the needed position. Thus, the nunber of
hybrid | epgrebibainloge noadstiria alectbactiesd kR SKY cuidbe ahasefmaffactuved eover, the

el ector-active zone of the hybrid lens _can provide . th r eshyopi c
corr ect i ofpd/ariptncked; Neygribsless. By n‘élmp%"c‘?ﬁx(@ﬁ cguidihe Wﬂ\’ﬁ?grfﬁmbfm]lx'ﬁ bl anks
needed. TRUSouFivaXPidsel €l ectro-active | ens enbodi ment can reduce fromnore

than 5 mllion to 1619 (=49 x 33) the nunber of |ens blanks needed.
Because i [01&%yIndke casgsdrthe hybrisbelsétin-active lemss it hasrheem disapveredhi@atoby st ock this

nunber of hybrid. | . an th ed f0 1 ndi NG kshing may
be el ini P& .3?6%‘39‘{@/%?%% Ys. ot R r%%‘{sa‘%g“’%g‘{l p@ﬁ%a Bk 19y
hybri d | eceatdpédrléstro-aitive Tayer #hiddpdssibke l alkk yediesutha uabeossiSElsty. FI G
28 i's a perspective vie f.,an odinent of a sem-finished | ens blank
2800. In ?%ﬂ%‘fmﬁé?lﬁ&s%ﬁ?‘lsf | SR IO_F’é‘fr%aso?‘?EﬁgA SpPcH2ERME hs optic
2810 wi t hy8s ALAIS HRGesdbd foeRion SPilss, B ndRbbreBhd 1is Hlaks nddBl cand a
partial field electro-active refractive matrix 2840. |n anot her

enbodi nmenbe redaerd-ty hfaskos of PR Mpleaner. theodectuerackiyg gore ofuthe hybrid lens

_ electro-agti . r \ . . iV e af

P sem -fini ‘g%‘epégwgﬁéﬁlﬂr%sﬁwg%ﬁéccgﬁﬁ’bnge%fg%gﬁgi%h aofrac@l} Eﬁg?ieﬂ‘!’. nterconnect .
Furt her, oftlens blanks hesied.cHsushhdiybrid Sbetoactibalens endfodiament \cen asdicor

di ffractiye characteristi.cs I 1 0129] Il.n-ei.ther the -hybrid or the
non- hybr i 0@%‘8@%? [B’?f_.“mt _f?eIé,\llgeﬁéf"t‘tg.d‘E 351 El\?e']qng?% ,Oft‘%flssl?]@‘ﬂﬂsfqeﬁ%i%[ nunber of
needed COBERGSd ROmRBY SHSeC bdaRbaBRS posRibld @0 Ghas! MamRchureC isd/einbtasid tty t he

el ectro-active | ens which can be adjusted and controlled by a controller

that has BuBberQidivbrfdess Blask SKUsy &y aeadetor resindingeandapolshing maypbe £ ¢
prescri pt ;@Rindegds. Thus, the millions of prescriptions and nunerous |ens
styles, single vision | ens blanks, as well as the numerous nultifocal

seni - fi ni 438 Nevestheless) zriodiog rd polishisg 3¢mpfaghabhgridioss DBoks 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. T
[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
controiler 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




bl anks may be no | onger needed. In fact, nost-lens and frane manufacturing
and diwpresksilon, as we know it may be revol utioni zedPCr@b8¥9i2518t shoul d be
noted that the invention includes both non-hybrid electro-activg | enses,
as wel| as full and partial field spggific hybrid electro-activél /sl
that are either pre-manufactured electronic eyewear- (frame - and/or

‘I enses) or custonmized electronic eyewear at the tine of delivery to the
patient or custoner. In the case of the eyewear being pre-fabricated and
assenbl ed, both the franes and the lenses are pre-nmade with the | enses

al ready ebigsid mandboubd lomged nebdedelie flcgIsost lawemd fAlnsomanufastudeg eddt o be part

of the inyention is the pro ra[)mabl e and re-programmable controller as
wel | as t%‘émgﬁ%%n’ﬁ?fagf?ﬁgéﬁg@f q#ﬂgﬂ@&0§ﬁ#| enses having the necessary
el ectric (ISP SHuSd ¥E hsRd G ﬂ%ﬂéﬁoﬁ%&lﬁ&éﬂ%ﬁ@ﬁ%&ﬁﬂﬁ di&tlobRtigyecare

prof essional's site or sone other site for either the installation of, for
exanpl e, lenseprasgvethaetrllcans pastialdield speaifisrhybrid edactnaractve lensasohateare
conponent gy,.f %&Q&f&&h&ﬁ“&e&nﬂ %f&&%aﬁtéh%e dnlp ji%msleﬁ & Eﬁ%&;ﬂiz&?ses the
control | er, "and/ or one or nore contro rconponents, ‘can e part of the
pr e- manuf eledtronizdeyewaateat dlnel time axf ideivarg tto e patiast arsasoiney Iathk tdseof
programmed at either the_.eyecare professional's site or, so ot her site.
e’ Cont sebeteat Bfaeare-icaed ful eSeBREoRR e SIS S 158 6 | n ( he
form forpregxAlPWRL tBE Iéhséd blfeddy: Gighdiand fhuk Thdntle C3B1RR HaMeLdAks t he

frane, on the frane, in the lens, or on the |ens of the eyegl asses. The
cont r ol | efonsidprgd de benariopt theriavensionrigithes progeagimaie ard re-prpgTasemable

S A s 08 AR R e iy 1 0 10

be i npl enent e case ere the contr one or - nore
cont r ol | esleduerpoomprnentsi which prangbanpedfdbeicatedii sndv deht abl dve fayecarbe r epeat ed

updating of .one' s, prescriptions as long as.the .len r cust.onmer is happy
with his P%fesﬂ%?ﬁgﬁ Ioéssgglfrogﬁgss?t sfoﬁ\ﬁgﬁieratg? “ﬁ‘f@ﬁé% tﬁ%{: exgpplEafance and
f unct i onaprogsampded: dd@trolde aid/or Gt drvifiote@dE@SHer [cOkpdhents) fortBe pagant'of the

| atter, the non-hybrid and hybrid el ectro-active |lens enbodi nents just
di scussedP™{HWBUPRnses nust be 'structurally sound enough in order to

protect tpR3EYR RSN WeconbBMRrdaldéraing dr AidkE&IntrollS hities @dn St at es,
nost eyewear |enses must pass a FDA required inmpact test. In order to meet

these WO bRt of thespre-mardagtured franxsami glectrativpdens assembly and then

programmed at either the eyecare professional's site or some other site. The

controller, and/or ope or more contioller 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 cesmetic: appearance and functionality -of the
electro-active lenses. - , o . 2

[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




Y wearer's

23 requirenents, it is inmportant that a support structure is built into or
on t he WOm3/09%6Hn the case of the hybrid type, this is BCTHIPVI2E®ed, for
exanple, utilizing either a prescription or non-prescription sigg#& éb i on
or nmultifocal lens optic as a structyral base. For exanple, the ﬁ ral
base for the hybrid type can be nadé”out of polycarbonate. In the case of
the non-hybrid lens, in certain enbodinents, the electro-active nateri al
sel ected and thickness accounts for this needed structure. In other

enbodi ments, the non-prescription carrier base or substrate onto which the
el ect r o- gequiteenit &ris sthpdrempaat bisopwat sacaus ishifibintd hir oortbe dwd. Jor ot ect i on.

[0133] When utiljzing,electro-active zones,in spectacle.lenses in certain
hybri d d@%icﬁﬁﬁ_s‘?f the %ﬁéﬁ@‘és@éﬂ#iaﬁ?o@ﬁmﬁﬁ*@%ﬁ?ﬂﬁlﬁp‘gﬁ%gs?@%@ correction
when a p cﬁ;[)ﬂiéﬁ &¢ LMt RRptioh LigleViNIGE8r RARMECAL lehd optiCas@Sucirar battery
or wrin alture, 1nsonme situations it could be disastrous if_ the wearer

was dri vibase. dforaekampldyithe souctysial basenfpr the hybrig| tapee cah e tmader o®fi ek ance

correction,was | ost.To preye u r ces e . pventiv esi gn of

the el ectBPlAheRgE: %“pg%e{)%?r’e&f tg%s%@'%go%ﬁpieggﬁ @ec or T ﬁgg‘\t{fiﬁ{'sé%lghé&ééj

correct i Gilecho-detivérpiareriai sebettedh@md thivknesk actountsafot thieneedad soranterei In t he OFF

position (the inactivated or unpowered. state). In an enbovglhrrer&tbeoof this

i nvent i orpther fmabodifpers the, appRIISE RIS RASE @F PN ORI HHER B r ect i on

Wi th a cQaueRli-A9nalekiEd pbatdied d-EouatsToPlld feedeitbidetiod.t be a refractive

or adiffractive hybrid type. Any additional add power, therefore, is

provi ded [8333When awtilizing slectrpeactivh @pres. inTHnestacly lppses -18 gegtaing higid o- act i ve

system oc . C B ' ] e t he

| efs D 68 48 Rl O MERAL Dt OBl Ebecloh WBBSTBONE: 00 ol ary
enbodi merihteprirpticotonthe lmlsexcdacossadt theecasd effiv b&GOy bawinng failiensn gped ¢ 910 t hat

I's index matched to | ectrosactive refractive tri.x. 920., L.n this

{1 ust r atTARe IePRd by FlsasiroyR if Jhn Jrepist /25 SEVIREGD AUgRARE 9T RHlOMRE, oy of
refracti ofy aifplanepih@vheiCishd @UifeRtiGO Was st aTb prévend SlatbcearmdBs thapt i ¢ 910 is
the electro-active refractive matrix 920, which can htave an, unacti vat ed
state, arigventiveesign obfthegleqpsactive spectacle lepges ran PEHdeIL dhe istanes r acti ve

matri x ng,Qmieétir.i)ﬂ"tdi 939 maiﬁ%ﬁﬁéd Mﬁ&?ﬁle%]%ﬁccﬁ% bass ake ihdexort Pﬁf}{i&@ﬁ ion n2,

whi ch approximately matches the index of refraction, nl, of lens optic
910. Mor thecioastivatsidyor unpnsrererhsiate). i e gmbedinient of this imvendomahis sa Bt i ve units

of i Suroundling ' S4iERz 36! kbbb e LRGN SilPY bintelRbha: BixPr Qi3 090611

O

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 conventionai 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 iflustrative example, the diverging lens optic 910, having an
index of refractioﬂ, 'ﬁl, 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 ny, which approximately matches the
index of refraction, n;, of lens optic 910. More accurately, when unactivated, n; 1s

within 0.05 refractive units of n,. Surrcunding electro-active refractive matrix 920 is




1 optic 111?5m|

31 AUG 2006 24 framng |layer 930, which has an index of refraction, n3,
t hat al wo pprsoxi mately natches the index of refracti #61T/UPI128#8 | ens optic
910 within 0.05 refractive units of nl. [0135] FIG 10 is a pejr|sR€@czdrq$/e
vi ew of an exenpl ary enbodi nent of other electro-active |ens 'sys

1000. In this illustrative exanple, “el ectro-active |l ens 1010 includes a
| ens optic 1040 and an el ectro-active refractive matrix 1050. A
rangefinder transmtter 1020 is positioned on electro-active refractive
matrix 1050. Al so, a rangefinder detector/receiver 1030 is positioned on
el ectro- qg&mﬁg L5k 1980] wWhRh R tani dd:0bD reftantion) | that rahbl apgmambatdlyrrent
either transmtter 1020 qr receiver 103Q &%‘?ﬁg oned |gs

el ect r o- aBatehes theomdex of réraghan, by of dess OPRR 9§$I‘f’é CHYe"™MEnDodi ment s,
either transmtter 1020 or receiver 1030 can be positioned in or on Iens

optic 1040° In other enbodinments either transmtter 1020 or receive 1030
can be [{0335])iKiGedlois ®pespeatiyesviewipf| 2y exemplany. crrbedimert of AYRFer

enbodi men 3 of the
o ecedi nsTRye Bcsrshi o0t B BOMAIEREMAE Ao SIR RALIOD B D€
di ffractijenadscat leds Gpmici 1640 eind 4l Aectrbractive Srcfridmstmtnxvdoé@caﬁqal e, lens

optic 1110 provides distance. correc |on1 Et ched o&aone S fa]gls | ens
optic 1111@%%?&%@9%&%%&% Bstflopgd g1 elgclgapy Pact i on,

n.sub. 1. geﬁﬁaek AftSctoiebbivek 1bB0 &) &ﬁaﬁ%ﬂloagﬂcc&bfatcﬁa@fd&aeuwt tern 1120
S electro actlv refractive matrix 113 whi ch has an i ndex

refract i omatrip. 1050. aﬂtﬂlfama&m*FIBMPlﬁselﬂleg transmittei IR0 geaeiver b‘??tq ve
refractive t ! ' 9‘1 cfec&@fliﬁ\% %%Sﬁtvﬁfaﬁﬂc 3030.6m OhRP Bbinagned to |ens

ayer I's constructed of material nostly
i denti cal emlﬁndhmaﬂ:s,oqimentrﬂﬂsi:ﬁtteramao onirecriivent10B@ asit bp positiahddyinserremounds

el ectro-active,r actiye rix 11 A co 1150 ed over
el ect r o- 2lEP§ QRIS E%ai‘i '&v‘? n%?‘i"imjﬁg %E?“F‘Pg{?fﬁgz? gglléercelﬁ)r@gé g%ﬂe frani ng
layer 114Q SRfticakS 6n BRtePCbVeNALRFErA060Fur@es inethécerdtolmerits) 1020 ald can no
actual layer is added, however, |ens optlc 1110 is fabricated so as to

frame or QSOWGEHEEPS%@%IOB@PYGW&E@?W?é?‘i'a'@?fidé‘éﬁ matrix 1130. [0137] FIG
121s a fgﬁ?&]tw\'yl i8AdigE Vgw dParflestl lefilodienf Bf £ uATRLARkIecRBDOdI ment  of

an electr I've ens 1200 having a nufti focal optic 1210 attached "to an
el ect r o- awtivededs 4Hadn|thigeillustppige expmplei donis| aptist ¥1d0i previdssa distaace

mul ti-f ocal el & Btched on one surface of lens optic 1110 is diffractive pattern 1120,

having an index of refraction, n.sub.1l. 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 mn.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 (;onstructcd 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
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addi t i owoleansestiesi gn. Moreover, in this illustrative eR&EfISes/1252ul ti - f ocal
optic 1210 includes a first optical refraction focus zone 1212 az‘?‘ ‘g@
second progressive addition optical hgfraction focus zone 1214. 1788 t o
multi- focal optic 1210 is electro-active fram ng | ayer 1220 having an

el ectro-active region 1222 that is positioned over second optical
refraction focus zone 1214. A cover layer 1230 is attached to

- electro-active framng layer 1220. It should be noted that the -framng .
| ayer can 18t0 '@iqfh@rogmmeraddﬁi@nilw dgsigmdwosbm mdhisdllusmativa¢rampldie f r ani ng
| ayer is el uatl ISUI|IZ€d |nslatethe
et vat od TG B0 1210, JRGEE . Bk TRER, Bhpciibn Yot B, 12 R 0 et v
cases, buiedvad p@daéressivﬂ Aatien dpﬂcalrre@iomﬁntfb@sedoﬁ@uam agitdciel toememear to
correct one's visjon.to |ts§§§P| mum t hus 2t2ﬁorr,ecti n? for npon-conventi onal

refracti véodt PRtc 1410iig claghees yrapng fayen 1 320 haying an glecupgrivedrei®ich eye by
way of  tnaskinagisihBStieNes SRV REERH éptﬁfﬂ ljéﬁﬁ'ctf?ﬁtfb&ﬁrzoﬁé 12’!%%%%:{199&9] FIG 14

I s a perspective view of an exenplary enbodi nent a tracking ~ system
1400. Fr ak830 inaechehtoatincted-active dramuing Vayer dA20. imzlmouldxbc aoteddthatothe he

backsi de SfonfAPBYEOSAT Yihet SBELFABA I AL SL08 Fhot B fEES o

eyes, also 0 as € Proxi na naI

sour ces 14@emsse1ednromube,ghﬁulataglmawrﬁrg 1£iuﬁl€hed 1o Alsalateothe achvatkdiegioche backsi de
of electr c%ve | ens 1420 are tracking signal receivers 1440 such as
| i ght ref RORARSed ICBRRei ver s 1440, and possibly sources 1430, are

connect ed [0I38LE @itst RivERive(dasds, SRORE) all htlordeP 86 Pelfzsanh thd EiSctrdIBAREY
cinstructions to enable tracking. Wilizi ngth' s approach it is possible to

| ocat e veFYeWRaE ] eqtegt @es asian feoiscoptinnusn, Jns, euwesting foymon-cpeventionral any
variati on.day, %I'ro Rhissne‘cﬁss H)egaéks gel'ié 2 1é}¥po§‘sea F% e%ﬁr&wﬁt gf
0 at ed

non- conventi ona ractive ror nee be“ correc
wi t hin on@adﬂhgﬂmegémwghentgbﬁmepmmbeweam the case of a specific corneal

i rregul ari u that noves as the eye vVes [0140] I n various

al ternati\;@sgm‘g'i %?ﬁg,p?rsg Y&y G%%‘&PB B@P@&regt? adraeking pe
attached tystéiel40ac Fhutes 4410 rotm htlo-aeieddgdl4an. tAeachacksi ge of franmes
1410, and or enbedded in thﬁ backside of |enses 1420. [0141] An inportant

portion o e Petectarictive Jeus {470 (Woat ide; plasest & theowadter's, gves, 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 spcciﬁc corneal irregularity or bump that moves as the eye moves).
[0140] In vanous alternative embodiments, . sources 1430 and/or receivers 1440 can
be attached to the backside of frames 1410 embedded i 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




spectacle lens, is the portion used to produce the sharpest image quality
wi thi n whasdEed3/ 090611 PCTI US03/ 12528 26 31 AUG 2006 pgsamsbiizsisel d of
view. Wiile a healthy person can see approximately 90 degrees to either
side, the sharpest visual acuity i s#ocat ed within a smaller fieldlofiUyims
corresponding to the portion of the“Tetina with the best visual acuity.
This region of the retina is known as the fovea, and is approximately a
circular region neasuring 0.40 nmin dianeter on the.retina. Additionally,
the eye images the scene through the entire pupil dianeter, so the pupil
di amet er yyirk| o P R4 9¢hild Bheilyepdlon! &1 $EB Sipproxtinkielyed0 depgedsan of the
spectacle lens. The resulting critical region of the s Eragle lens is

si nply t ethesrusidesfthe isharpesy visual 2@ty idogafed Jvithim @ S%ﬁ‘&ﬁ&% Chd¥¥ to the
projection of the {o 's. i el s V1 aHiErebfSof [ 0142] The
Pypl cal  Pameopdfe bEofion'd vk Rl W @PLA: VpRaRER AErcRRR T [ &
nMost comiiread iskmiwasOthanioved endais eppmsirhaedya cdiculastregion meaPpngxi mat el y

0.4 mm 0143] The typigal ran for the, size. of €A’ roj ected-
di nensi o@-‘{?ﬂt"ﬂ“ amgtﬁégq g’&’ﬁ“.’f%%@#@”ﬁ%’é@?w gxsllagg%gﬁe %gl)r(earre?%ép s as the
lengt h Ofthéaﬁirégﬁpﬂaﬂﬁle&&,ss*o&ﬂ@pupﬂ Biafeted il Vilot@iebhibe Spe QL ald mostens, et c.
[0144] The tracking systemof this specific inventi ve@grﬁrﬁ)odi ne t hen

| ocat es tckiticalrpegfiemel e spprtacls leas. Bhearespliing (cEHEAl RGN O R PRECHCE, the eye

novenent §_r.e q% W the QVd'i?L L8 AR HNe'sl hepiPalhRRE Adéetd AR This is
irrportantslenassi!st e ﬁn‘g}gr‘?#o?\f{sh SO t‘\a'/vargfi S Q%rso amed to al ways correct for
t he non- gecjectivhiofitis fovefsfiadd ofrdew ontorthe bpectacks lensor r ect abl e as the eye

_ nmoves. T it i.sS.necessary.in nost.. t pot ahvertive. . odi ment s
it hat cor&gi‘qulohle tmﬁﬁmgh’h}%ﬁﬁ S %Jgﬂe%élseﬁ%’%lrg‘ ?)O g{aec f‘o”—ltggf i vely
al ter thapgs @3méfontvatue ENE0 hitat The everagecfodéa diagieter iis apmeximately Bdough as t he
eyes fixate their target or gaze. In other words, in this specific
i nvent i vé@abodi nent the vast mmjority of the electro-active lens corrects

for convepid be/ for@hé Size ¥ Iné fovehd Prej¥@edaisnsioncodiatiget ed
el ectro- 3@%@@&@%%@%% rrtr)ves ag wel | l;v;/3 w?;;@of t he tsrack_i ng system and

sof t war e spectadde tese tis affectadey sush-naramesers i2p the lepgthaf{dhe ¢¥e. dhe @istades ki ng into
account the ' ' i ne-of -sight intersects different sections
of the | %mg{r%ygééc ol ér?%;&% llgrgs’#dﬁto the final prescription for that

speci fi ¢ [0144]. THeOdatEingl systamsdf, this specifi¢ imiehtive embodiinent thab batates thes, t he

tracking o '%Bseg% fhe %lcctro—activc 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 mon-conventional refractive etror 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




enabling software is utilized to correct one's vision to its maxi num while
| ooki ngvo B33/ 090611 PCTI US03/ 12525 31 AUG 2006 27pgeEsaigzes di st ant

obj ects. WWen | ooking at near points the tracking system if used3|isig 2008
utilized to both calculate the rangg.of near point focus in order to
correct for one's accommpdative and convergence near or internedi ate range
focusing needs. This of course is progranmed into the el ectro-active
eyewear controller, and/or one or nore controller conmponents, as part of
the patient or wearers'. prescription. In still other inventive

enbodi mfglhﬁngatr aaae dbijsetewnen toking! dt @ede poghts ietracking systemyifosed; Bd ei t her
~into the lenses and/or frames. [0146] It shoul.d be gginted out that in

ot her i nuitifiesd/fe tatbedleviaiahe 28 ohaed Peind foqus R oxder E?H?c&tforc%“retsai n types
of non- conyeRb LR aﬁf&maggw& bt OF inte?iEMiaR SandeGbeustipadBeli€ Thiy sfegul ar
astigmatism 1n nost but not all cases, the electro-active |lenses do not
need to tcosmsk istpregrpmumed intodie eleciroesctive eyewear gontialler, @ad/er PRECIHNEIS| |

el ectro-actj v | ens i rQgr a d to c f ke S s the
ot her corf\‘?ge'r‘i?lf% ﬁgpp?léqn?sa%--p%goggfer atrne’(%'f 8{ ﬁg&%gfﬁgsh@hﬁﬁl%ﬁﬂ%%%e si nce
aberr at i Gitendiv€eMbodifiehty arehget fasliet and/betradking sygtedi Btincorporaiet either  been

di scovered that they_ _can be corrected in relation to the view ng di stance.

That i s, intgrthelenses agdfer framsson or aberrations have been neasured, it is
possi bl e rhpae} i %lﬁr‘&fdf»@ infel @REuRAP ST bk BREtve ddModh@Rs kecham! thug ref ractive
matrix by way of segregating the electro-active regions so as to

el ect r 0- dbati saztept far eastain fypes A eranagdnyensionak reffpstye egor.dsush A T such as

di stance vision, far-] rgﬁgi- LS -' iRk BnddssiPNn.  and/ or
! near Vi si% _p@bi[;rcgﬁlgrnﬁ%,&a e%@gﬁ%p&ﬁﬁ@%@%éﬂh&g&%&? etﬁseélr egated into a
far vi simeneddato-travkatherpatieat er wesermeyen &arthis naserthe dvereld elacko-@ntiveand near
vision caorrective zones, each the software controlli each zone causing
the zone ¥% ’E@F?Wmﬁgrm f’%"s"é?oratgjér ?%Wfﬁaﬁ%%g{gmﬁ MEME&WW& pondi ng
Vi ewl Ng irfrr afhe patldifey efore in this specific inventive enbodiment, where
the electro-active refractive matrix_is_segregated for, di ffe,rgntdi st ances.

wher eby JAM] Alsegirgeaberationg; 25n disptheralaed £ the Yisaane g’étaafferltr # ons of a
speci 1 ¢ ki URBGRred thal BeP At RAGRTLIRGIN fodthe ARAREIAGES, dhat o ! Of

wi t hout a tracking nec '

ari sm [0148] Finally, it shoul'd be pointed out that
i N anot hes, dnoe thetabensationing dbermtions haveibsen 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; itis 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




possi ble to acconplish the correction of the non-conventional refractive’
error, woalvesoasl t hat caused by aberrations, w thout phyeraahi/izstdeparati ng
the el ectro-active WO 031090611 PCT/ US03/ 12528 28 31 AUG 2006 regions and
wi thout tracking. In this enbodi ment,gusing the view ng distance Hs Ad6 2005

I nput, the software adjusts the focu% of a given electro-active area to
account for the correction needed for an aberration that woul d ot herw se

i npact the vision at the given view ng distance. [0149] Furthernore, it
has been di scovered that either a hybrid or non-hybrid electro-active |ens
can be. degiogpsadd tdthhavieackinfUll this @hisbdomern, g thalvidwiek disedfrcees an By f ul |

field effect it is nmeant that the electro-active refractive trix. or
| ayers colf@pt ftl‘?e“’%‘yé’éet a‘ﬁﬂhﬁ%‘ﬁﬁfgp"‘éf’?? ISE’GPQ%H?'@E)‘?‘WW f(’rﬁcﬁo‘g’_ﬁ?‘g‘ﬁ%l ass
frame. | nc4hRti6Ra8edell far ht!hbertdtidh dhat Wdild VfeiwRe $Badt tRe 3ldnvA tBE €a can be
adjusted to the desired power. Also, a full field “electro-active lens can

be adj ust giyen viepingdistancg. partial fiel d. However, a partial field

el ectro- agg, SAEGHbC i ] HHkh field due
to the cﬁlgﬁfgry %%éggédd ?gssr?a e |?°‘|gegérht :Eﬁa)ﬁ‘i 'é{?l gllag %g“té‘??f’% gl.oﬁlh&% e case of
a full fi elecrd-active ladjcas bedesigned achave adulp field arla it feldeffect. Byfall t | al
section of. the electro-active |lens can be adjusted to the desired power.
[0150] i Bl Rater g gt o Py Tartehye MRt BRaR eI RIS, anot her
el ect r 0- aghsk YRjdrity Of e I&BFedioR Qrith glasd Sa@eNhahd cle@ftalfal deld, ve | enses
1520, which have a partial field 1530. [0151] For purposes of conparison,

FIG 16 i theenfeerdeniioractige yieawapbe adjusted pthe desiredrasavernalse, afulhfisld anot her

el ect r o- agt.) ggnaé] AL S aty e rames 1610
contain eﬁfg%t%lc?%%%g??n\%ﬁens ggg%ﬁdo‘?‘%ﬁ??ﬁ‘tda‘%?g@ FSI&(FV?T &é?%ﬂkﬁi%%}% [ 0152]

| n cert ai slectroractive vepecifibdehisndesign ¢anenotuibet adjosied telacfidlr Heldodvevie thptic i s
pre- manufactured I n,so ca due.t ot signifi t educed
nunber of “EHFY ne‘?‘%g&f’r%e g&@ﬁ“ﬁﬁ%&f d k.‘gﬁe Pﬁ% ﬁ%ﬁ@ﬂ&eﬁgiﬁ%cat i on as,
a fi ni sheddjzttd toftecahe alpagial Aeldadis] ¥ partihleastidd fitle el ® adtivéadtisicde

enbodineny. allo or the dispensing. site to sinply fit and edge the
i nvent ori éﬁa‘ﬁﬂqt?%dé%ﬁesﬁ B¢WH:-active lens blanks into the electronic

enabl i N9 GBUPRIG, WS if ol ferdfStne 3355 of b ScroRYERY | oA Jrouincd part al

field specific type electro-active lens, it Should be understood this would
wor k for 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'aé. a finished multifocal electro-
active Jens 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. .-




full f'i‘,@dﬁi‘,@,b Stro- active lenses, as well. . WO 03/ 090&ddyRGEMHL4B03/ 12525 29
31 AUG ZOOé f‘ 153] In one hybrid enbodi nent of the invention, a

conventional single vision lens optic being of aspheric design o ‘
non- aspheric design having a toric 3¥%rface for correction of as?’d‘ﬂ'@tm@m
and a spherical surface is utilized to provide the distance power needs.
If astigmatic correction is needed the appropriate power single vision

| ens optic would be selected and rotated to the proper astigmatic axis

| ocat i on ;oﬁ%@nfn ol ﬁa%u%%p&énbef B ﬁlﬂ)’eﬁtid/rh%'c%ﬂvén%%ﬁal%ﬁigl&visﬁﬁ%rﬁ be edged
for the eyé F e rane style and size. The electro-active refractive

mat ri x coptic beingroftmsplagisl designoor sdneaspheriyl designi aing laiosicoptlaes &7 t he

el ectro-active refractive trix can be applied prior .to.edqgi and the
total | efSTEfHOR ogéﬂfl%’éa“éﬂ’g@ 3 gﬁg?qa? F‘f&%‘?ﬁ(}g I“hﬁf)eél tﬁoqr?fflsei%i th%u(gétgrﬁ:gt , for

edgi ng  WaRkehkdt. [TE aftlghfltic Qoasdtion §s heddea tid Mprapiiatd power sidglé xisidnt 0 a | ens
optic, either a single vision or multifocal_ electro-active optic, prior
to edgi ndensaptie mesldrhs-sslected andrentated i the PEgPeR astgMAGC @ loGEPL-{8Fehe

advant ageauss @4Endshbif VidolokS btlc BRICE] dgen Ol leyd NaredtaAd Gigreact | ve
refractive matrix canbe applied to conpatible |lens optics by way of

di f f er entand efzenTho gleetso-ketowervefractiva anatrix codishviban itsl appliedhon dhe sisglear e optics

whose curves and surface i 1] .accept.the - Ve f ive matri X
proper | y Vig Wfi‘cé’tf gﬁ’aé?)c Tisa regrgﬁt&fenlﬁ?t%gé’% hg?ﬁpg%?\bglﬁéﬁo‘{rdg% oper final
| ens powghd tHePfotal fons Minkteean @ dptd/Rfer CBB Rhivdd b ipoimed| oapthhty foreediging adhesi ve

directly to the lens optic and then, I,a%kf’[;%ddomq the ele tro-acf ive | ayer.
Al so, t havherebyitheelgeta-3ciive &sfraghivs patrixgiy 494 105 IR UTPSEE 8P 08 %0 it i s

) attached £@yof ﬁ%ﬁﬁé&l El'el:ﬂ&-héﬁx)&mgﬁb, Frisio i&igiél%ﬂmb@lecﬁ@'ﬁ@t%dmat@ﬂalr eat t ached

adhesively to t | ens opti c. o, it can attached to two- way film

carrier ohchwsiapolyter gshmay be advastapeous oven a bguidarvaishagioral y to the | ens
tic. = it.. . i i Lizi . i
optic Jﬁ%@%%#%ﬁo-‘a&u&c iérgcgvg%?art%f g%zﬂ;)%/ éﬂ)@igp% ond éﬁtﬁgfen%ﬁﬁésng

techni qu case 't racti matrix 1s created
i n-situ. HyOb5df differptitetedimoRigies tporyn dmibet abty Qompativlb dehis optics argb@ics12, a

conbinatign of a statig¢ and.pon-static approach.is.used to satjsfy one's
mid and MRS GERE U BB KUCHSDEe SlerFraedi® HaR BT IR 210 havi ng
t he prop&fop ¢S eendl ipsin@ RE Bondiag,! KStheds, and/ob droged  firfab lerd XyWak ek or

approximately +1.00 diopter (or "D') of full _near add power is utilized in
lieu of teamplengihesivesseasnby wHized gpplying, the a@liqswziq%c 1iiq 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 te 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




enbodi RpPhahdegn el ectro-active refractive matrix 1220 Cagyrigospheged on
~either side of WO 03/090611 PCT/ US03/12528 30 31 AUG 2006 the multifocal
progressive lens optic, as well as buried inside the | ens optic. 3‘Iihh—§[? 2008
el ectro-active refractive matrix isdilized to provi de for additional add
power. [0156] Wen utilizing a | ower add power in the |lens optic than
required by the overall multifocal lens, the final add power is the total
additive power of the low nultifocal add and the additional required near

power ge egl LRkt &’éth He E%ﬁﬁﬁlh% only; if-
a rrultlfgga progré’%ve ac}%ﬁt?or? ens optqu\éﬁd ancad%s of +1.00 and
t he el ectel@uaem:hmefrecmvaanatme1srmﬂ1|zed<toqyre‘aﬂeﬂ3raddlaanal ap(bmwcmf +1. 00 the

t ot al for t he brid, electro-active |en vvould

i1 21 g0t s Blaes a wr S pbier & 5 i apf Bl Py e B8, nnant e
percei Ved)vétaﬁtxﬁﬁlhf&ﬂlsleﬁi Qi fblt addf pidr ib ERSR%al adBRive fposat by dieriegr essi ve
addition | ensesg&ﬂOlS?] In certal n. hybrid el ectro-active enbodi nents
wher eby @nifacel eddapnd Heogidition teah PP&eLs eenstated DY way pf Hied, t he
el ectro- f hagt | want ed
st gnat | SR R Rl ‘*ﬁld‘} B2 B Prlafes S Lol T
reduci ng hatlen addepowed OﬁSﬂIQQrmlﬁl thenetebtroagivearsfrattiet motrma!@i g neyr eat ed

neutralizin n at | on_solely in,t ar.eas where t he
ovent ou oy B AT oo AENSAP Bedr iyl 6 thel Byl 8RRt Jlewiil e ol
decentr atqtz:oomeﬁlﬁrﬁngoan& lapbmfad:lelld i$ posstsiclad. sxgxﬂﬁm@npﬂwen@mcent er ed

partial field troa |ver actlve mat ri necess ryto align
t he el ectRPB*H ?‘Pv’é‘“ ‘1“?& ‘?fﬁessu%’ﬁc‘é a,‘i;}g,pfqgrgse% t he

, proper aqgﬂsggratic aX| s location of the single vision lens optic so as to

allow for_correcting one's astigmatism should it exist, as well as
| ocat i ng [PFRF1dn e eertadmi bybnﬂarqlequeaCQWBﬁmb@@mntSn vitigeeyr @péﬁumﬁ@alt ion for

onesey |Yﬂ¥ to align
the parti grélsagdaqd%ucdat llegéna%?(a)égﬁ)(l 4} d P’%cg? eceefﬂi % onﬁ{\ggbcerrent W th
regards tlmﬁrzbcetombtrmhtousummtdd angmaeanls'l‘lnd; is atcaemphsind bﬁzmeudmﬂizmg scovered

t hat i K t wh he stat f f I
or agr ossi Se PRGN oY SReons JB SRRl Ctiaiod yhneh 8 Bribiely 7 '

di st ance-créatstl @irghidify power ctiEpepiativh iy il ﬂ:ea&éasv(ﬁ theNénsakhepsvghef Or certain

manuf acturi ng freedom not avai |l abl e to conventional nultifocal |enses.
Ther ef or 4BW: ted 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




sonme 3@8%/6%9%5 of the invention, the electro-active pegisisg! ocat ed
where one WO 03/090611 PCT/US03/ 12528 31 31 AUG 2006 would typically find

t he di stance, internediate, and near vision regions of a conventjogﬁt
non-el ectro-active nulti-focal 1ens3LFor exanple, the el ectro-act \/ é@pon
can be pl aced above the 180 neridian of the lens optic, thereby allow ng
the nultifocal near vision zone to be occasionally provided above the 180
nmeridian of the lens optic. Providing the near vision zone above the 180
meridian_of . the.lens | Cy. b . al f 4 oF O S pect acl e
wear er s \ﬁ?”*gf AP ycﬁ%(ggﬁ%idééi%{r%g’egmg%%%gﬂﬁéoﬁﬁegtéﬁdﬁﬁggt {c?diﬁ%’ ffrgnt or

over head codvehtignalarnhelectrs uetivea muldfddahdensi For axamplaptheeelegtomaatioe, or

il i icture f h 0159] n th f h- hybri d
oot r - B e aR BBt OE 180 RYSARE ot 4P 1pF aPl TR MR Ll €, o
35 M di AEREal hehr h@ioﬁ%%lé & bd b&ladioh@8Nsprovided ebReithe 180 ievidianlafyer , as

stated before, can be applied directly to either the single vision |ens
optic, & JoneoptimFrovdingdbe weartvision apre ahavedhe 18G merigian Edbs detict i ve

finished 11 focal .ﬁﬁﬁ" . Qb deh18 L f DG RIno RE Pt Sisiak&es! €ns optic,
pri or toogﬁég%gﬁgbeteﬁgu#le S SF@#%}?EGSS%E%e %?Ué%lrﬁfesfrang' sgge_ns rrpurﬁ'ti ng. This
al | ows f as aprobjeas diredilyyinofromt| eodvedhead tof \tke measr, dwchak svorkimgweith aas bei ng
able to inventory stock finished,. but not edged el ectro-active |ens

bl anks, CAMBULET MYRHe O ling pgtuse frames OVEthedd- o << fabri cation at any channel

of  di st 1159} P the ¢286 bE dindg-Hybad @Retrerac@ie RAS of bo' the bybrid adl fidldi s wi | |
allow all optical dispensaries to be able tq offer fast service with

mini mal  AGEded for examples i pemmy dapetenbybsid pagtial firkhlens. e cleplihatves
TRnUTact YR, s stlPbIGESean el firfkily 8 Uidher the SingRONGYARES 0pli&160]
gt taﬁe p | d has g

Consi der i e size o tral field, it | been shown, for exanpl e,
in one ionpeAnawdaciuod diitheriens opsic créating glecirerdactivedindshed apilifosal detsi on coul d

be a 35 di anet er,..centered or C e ' shaul d be
poi nt od urbisRAg Ruf AL Bt RF G b o 3B, HRMIu b R 0 0% | |
certain iof\enfrane's deiogionmiigs Thid2allows 08 pravpss@iblynof eecro3&timeniersund
dianeters_are utilized. 61] The siz f. the. artial field.can depend
on T e P el s ablece tayenipps ok fuistedepit Bl ideeR Fleo A t he

el ect r o- aglsi Menksi 8lud-alibbvidgErds tudt MR tHns Bydpldsy EibHcRGorfittanyCeltihadIpdfat ed as
within the scope of the &r&esent I nvention, nanely, a single- interconnect

el ect r o- sksmikusion; ingludingethgfloctor (o) aptickan’s Prlsesc TP widk ailaw afrpdicelr e

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 mmn
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 invemtion, pamely, a single-

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




WO 031@Qy@odlobsil 1 PCT/ US03/ 12528 32 3 | AUG 2006 [O0l62}r/G5¢d512%% is a
péerspective view of an enbodi nent of an electro-active |lens 1700 having a
single interconnect structure. Lens 1700 includes a |lens optic 173D AUariglsan
el ectro-active refractive matrix 1720. Wthin el ectro-active refractive
matrix 1720, an insulator 1730 separates an activated partial field 1740
froma framed non- activated field (or region) 1750. A single wire or
conducting strip interconnect 1760 connects the activated field to a power

supply angiez) FIGN1Y Q¢ hferspbbiive idAtofian embddimedt of oK cladtto-activbdelisment s, a
singl e-interconnect structure has a single pair of electrical__conductors

coupl i ng 1700 haviag gotirsle #percernec] grsaye-diags 1780 !i%CIléieﬁér@b%‘E‘RquQ]\?l ew of an
ebodi "0ha gh oBlaBfTd Rrabivefaris 1920 Wi A% cAvERba & il T UCT UT €.

Lens 1800 1 ncludes a lens optic 1 a el ectro-active refractive
mat ri x 18200, aWibhilator] Btseparates v activeted pattial Seldd/40 frotrB2 bamednonnsul at or

1830 separates clivate artial field 1840 .from a franmed - activated
et (onepugrfflatgimuiaf T Agdble e ef aotiend 8 hutkBMeEs bR, nnect ' the
act i vat edohe@tstthé activapd\fiRid suDpiwer siighl knd7éindonabilee! NoleQA4i4d mobgit utili zi ng
the smaller dianeters for the partial field, it has been _djscovered that
the el ectiobalhctPRdiments, dHuglednicicannest sEYCHIE bas 8 d§iels BRIk ehelsptrighl ¢ he

partial floghikiP&iHnS it't6 Iippheddafteut i 11 zi ng a single interconnect
el ectro-active structure can be mnimzed. This has a very positive role

i n m ni nil@163 HGe 18w atperspastivepdon rof rrsetisbodimetedf| anagle¢itominsive déns

el ectro- ' l.aye eaui espaci h N8 a1 NkEr CONNect
structur Zl%bq\é%‘s’mgsa %lg%t{ %%%&?rﬁ‘ei%%sie@do%c{uﬁées %é%sioyuﬁgllsﬁpdaﬂ épaélci fic

regi on webcabyactite refrakfiveema@ixn1i20i Withinl ckbec-hetiveaefractiveshattic t1d2e, Wien
utilizing a single.interconnect .electro- | v tructurg, in many -
nvent | vanoRBUAPRIRR0 FolrEtengn acdyaied parel el T Ryfen Adeieshnev:

el ect r 0- aglivaQl HEIEUEHE 1ERS) 283D, |LayREAiy VF iWire InteFcoftibctsNE860! BhgecB theds t 0 al | ow
for multiple electro-active |ayers creating for exanple, a total conbined

el ect r o- getivakd fiddén a pewersuggipand/ar ¢apirelletivent i ve exanpl e only, five
£0- 50D Sifhe WP UAARE Ghe | BHEES AT e RHASEAS RIS R Blegeach ot her

separated_only in nost cases, by insulating rs. I'n this way, the
proper eldsspydred thap deeeleaiemactiye dkickneshdifferentiok from edgertacenterof fidex change

1912 B 0 e Bl WELHE  SHGE' BASlpelEP Vol

ener gi ze spucprrday 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 intercqnnect 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 exémple 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 propesly.




WO 03/ Q00 63kdeosieT/ USO3/ 12528 33 31 AUG 2006 [0165] It phpuscd/besf urt her
pointed out in the invention, certain enbodi nents having nmultiple single

i nt erconnect el ectro-active Iayerséﬁfn be energized in a preprog§bhmisdils
sequence to allow one to have the lity to focus over a range of

di stances. For exanple, two +0.50D single interconnect electro-active

| ayers could be energized, creating a +1.00D internedi ate focus to all ow
for a +2. OOD presbyope to see at finger tip distance -and then two

addi ti On@heant S 5 fagher &d%ﬁt@& SRNAKd invaitRA! fPmAtdhbDRihaYERsvisoul d be
ed t he +2.

energi z 0 give the presbyope the ability to read as close as 16
i nches. intltipleoingle eingerenmesto cldectiazactiv elaygtsc camuhp e prcsgized et rd- acti ve

| ayers, as well as t r ( L, v ' pon the
opti cal Efg%ﬁoiﬁfnnée? Svevg%"@g?g?%(g& togggé] h]%%yv\@f’ alﬁfej%éodﬁ{c}és ggeggapﬂgggggci fic range
of near digtagktes. [ FatrexRtiblal ewy H8IS0D giiglé dmeresnrecor electapativé layeprambl/ope. [ 0166]

Furthernopre, in certain o .inventive enbodj nents, onbi nati on of

ei t her ?ﬁ'%‘efﬁzeﬁo?r@atg}%ftgﬁf%?@?ﬁﬁ&%cﬁ 8- E?i*@@oﬁéyﬁb?%ere present
in the | gngeih ﬁ:@@ﬁhﬁﬂﬁ&ﬁﬂ%ﬂdt fheR tiH! ddditiinhid+ 650D LiREIA Gtk éBnielt UCt ur al

| ayer. Once again, t |sp§i|tves one the ability of focusing for a range of

i nt er medéleatee-antive tnyaxs conlsk berensesizpdta givegthe tHRO0pY prpetyops bR Yy, Final |y,
in other_| |V, i ] Ly 8lLI - Lve structure
o a1 SR 1RTRAA T Ch aa B ulacke bl it B e Bhfilridt oReleb Y, B

mul t i - gractive lsets, as aedll we tist posedruofeeach lagerh caratvaryndepetding upoophe | y
progran’med.c e#ﬁgctro- activ and/ or. one or. nore

[ |
cont rol | &t et ??ﬁmﬁgyo%%&#gg%éegﬁ%%éﬁrlﬁ Wy<fis 'pge R %951 a broad

range of aidh@ifi®EAe VRicATstARRS fod aShetifiepresbyopd.67] Al so, semi -fini shed
el ectro-active |l ens blanks that would allow tor surfacing -~are also within
the scopt¥16¢] Ftermereipicertain ofher Hiventiveembogiments, agopbuaHekeititicEent er ed,

part i al {iceblnfhe Shipf AfilibiifhobCLEAR hitfe TBydrt Yard BRAEMORALEAH! 1) Lhe DI ank,
or a ful leld el ectro-active refractive'matrix is incorporated with the
bl ank anebmittiestios urittas aulti-god ehetreartiectiruged dryept Pune spaiaddds 2ive368] | n
certaln SERRELERY) S JARNA R Mo B iler R BEL A 3EM] dSald ool 00at ed over
the entire Téns and adjusts as a-constant spherical power change over the
entire theptapes pwigrdanireingelisally) inmotheninventive enttedinauty, lonlyg: mehi-grid si on
focusing .needs.. In_other enbadipents the wvariable.power_field adjusts over
e ant CaEctrative Srucisg a6 niied o & baboig e R R T e s e sane
time cregtinigtidRidagainerdctad siihiB iR cdmbination 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]3 Also, semi~fiﬁished 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 embodimcnté the variable power eledtro-aétivc field is _located ovef
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




WO 03/ 080@3dbededl/ US03/ 12528 34 31 AUG 2006 power effeetrrijRoRi@sy to reduce
distortion and aberrations. In sone of the enbodinents nentioned above,

t he di stance power is corrected by \/@y of either the single visi OBy Ay 6
mul ti focal finished | ens bl anks, he nmultifocal progressive |ens (gpzpq C.
The el ectro-active optical Iayer corrects mai nly for thhe working distance
focusing needs. It should be noted this is not always the case. It is
possible, in some cases; to utilize either a single vision, nultifocal
finished J,oRp dfeki G~ Sticy T tfe&x%ahlstc@ﬁ&graﬁéséﬁéﬁahéﬁks Bt f&r i Stance
spherical” power only and correct near vision ng power and astigmatism
t hrough tembodiments wentivned ebavef thadistance pewet i C@IrreCtQ{lb}f warobfitheethet he singl e

Vi si on or. Itlfocal L C t correct
t he spherS r}% oy lér'foﬁ; ﬁlﬁglrcgnfeﬁ%%gm% épro%ér r ougﬁ} %EASXW é}&gr active
:cayer A QI@IﬁC The ie&_cﬁ@-&&tu\b:l eptical Udyet icofredts p?anﬁql fo i thg lveorkingi mmgncrwl ti focalh

i ni she ens optic, . or. prog ve nultifoca s optjc and correct the
di st ance g‘fiﬁgﬁgéleﬁ‘%ﬁft Sgg‘flﬂ&?ﬁ‘ﬁér{ﬁlﬁé%% RaxRdhe ?ﬁset 15 RAsERle, L 981 ve | ayer.
[0169] | teageliow ilhe opBbmY SflgRWisibi ahultedcll fiiRhdd AN bHied)} or oG tiFRRYET

correction needed, whet her prismatic, spherical or aspherlc power as wel |
as total pmmsaweelewomc Me@stmcqﬁnheﬂ@aig@mmly mdaagrr%mdzcﬁreaﬁlqym nt power

needs, cgp, Y, glgb f, @% [ oy
conponents. E@ﬁgée |n'4cﬁ u%’?%fnhe uti OQI%%t'ﬁgnel% a%gwér)l \%S‘%‘%ﬁgor finished
mul t i f ocaitilize eithephe smgleomldm g madltifotdl derdi qitmrto&:osrpd:teersngmhtlmmly needs,

sone of the distance herlca ower . needs, .all of the t|c power
eeds. " sdiid Britae Saiee BavreandbiEr iRk otny pover hiuh s BFRESD oher
needs, sQ@Bve Rferl ABsoDitiis PBisitle ROYEIzeAGREk0, sREledA¥iok, Al fsthi ﬁﬂlsmfd the above
when conbl ned wwth the electro-active |layer, wil} provide for one's total

f ocusi ng lenseensic, prprpgiessive mulifogal fengjoptie aad serreqs she distenes sberecandet i ve
refract'\ﬁ@u@dsm&hé BY'®ad Of thk Rfecurblbbivedfdron Of adaptive optic

orrection ke tec ques to maxim ze one's vision through his or her
el ect r o- 461691 dt shenkidw mmthia@utphat@nﬂldhe alfvpmont thtfaiovvfeamrmapn oeededhi s can be

acconpl |§t{]§| . . 0 N n atie [ ElgkO | ook

t hr ough qlepﬁn%rn&’ %\Q:ht%lhmﬁwf a%%l%lgtfep We?lrsags and tétﬁlt aﬁ%ﬁfc%éa%ﬁv%éﬁ] franual | y, or
by way ofmid mrmcp’oaler nekds iagd aehr poind pavermered, macb@acdah@hsimldrh;&tray ofstant |y

w |l neasure t| onal and/ or non-gonven refractjve. error and

will cor LU e"r‘?&f“rYFrP@WF%‘F?‘%FFBté &5 iy 6@%@%? a giaglesn3/ 12528
vision or ﬁmshcd 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.

[01°70] 1t has been discovered that the electro-active refractive matrix allows for the
utilization of adaptive optic comection-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 ot 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




35 31 Auozdde11 1t spherical, astigmatic, aberrations, pgffsoshiass t echni que
will allow for the wearer to achieve 20/10 or better vision in many cases.

[0171] Furthernore, it should be pointed out that in certain enbo%ﬁngggamg
Fresnell power lens layer is utiliz®d along with the single vision or

mul tifocal or multifocal |ens blank or optic as well as the electro-active
| ayer. For exanple: the Fresnell layer 1is utilized to provide spherical
power and thereby reduce | ens thickness, the single vision |lens optic to

correct askhranBhll Sflpmand ah&%@n?,c&é.%@sciehh&[ﬁ SeEH PRI W Bor'tRE fWedret & COT rect

for md and near distance focusing needs. 172] As di scussed above, in
anot her eaebistie A¥HP onbatier visipBdn ynYpases is utilized along with the single
vi sion | ' t.h tLo- i V. yer... | n.this t he

i 11 act 0Tk Eedlfl i SoRlOR Si@Ebhi et kEhun bl APEERSER |
further posetndms layee iswdcied along Ivdttethe ginglecvigionet mudtifocal drryultifoedl t hi ckness

of the electro-active |ayer ce again, t conbi pat i of .any two or
more of tfe Blg HAPHG a%‘é{%xﬁsefhe %%W‘f&ﬂ"ﬁq?y 952‘? W FEROP é&‘ﬁ%‘ﬁ@fm ﬁ‘@f&pr ovi de the
total addghtikfedWRbviee §hetcd PoweP end ;he&a@?%@&hqe&%ﬂcﬁﬁédspmeaiﬁgﬁr _needs.
These being a Fresnell layer, conventional or non- conventional single
vi si on orVigipe {ans OpHE 1o epyEech ptiganatigmy; apdy Hhej glectiopactive refyastive mpgix to
el ectro- a&,hje&ero{]ﬂdngtﬂeglqﬁgggﬁgeif&lg{u'gltngg&r s. Furthernore it is possible

npart a

t hrough an etching process to I shape and or effect of a
di ffracti07rAsdiserssdd dbmyes ini atather teebodimeait raodifiiradtive opiteis iwdilizeb as to

t - hybri d.or hybrid el ectro-acti tic havi di f.fracti
Fr canol - CBTHBTER Sl W s onBE on 8 Cles e EHe reE b B “BePPe ens o
create nahe iffinchevpid, iviiich prévidespforeddditiisel FEBIng! rRtios,: fup@wer . [ 0173]

It has al so been di %overed that .utilizing either an_ approxi mate 22 mmor a
35 nm di JREAET d\?ﬁg ‘E’é‘?ﬂ LPLHEC RYBFS Brgulry.jaad thirlegs QpeiclaCEOSFEYR 1 o- act i ve
lens desh@h OhcRgadl] uﬁéfca&bﬁmﬁs&%%ﬁng%o HoR & Gty ﬁa@ﬁag spmartial
field specific design being approxinately 30 nmin dianeter it is possible
t o mi ni mutdizedh & additiveonpanep snpyoviderthe tatalyaddisivg powsameeded for ore's and

oL, Syt SHEIRROEEE, VLS RY SR B, o,
i nvent i vecosvdntidnatesingle tﬂiﬁoﬂ@menplﬁfcmdi s t opaic, fdiiﬁﬁi_adi@pept'ié ila:yee,l ectro- active
s 1 RS5O e B PSRl B ol LR ShE, LRolB%8L T e
while at edbéngpriotess taBngaeevd SHAPYEhd3f SR b a AiFfrabiDRr 28ARI 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 conventionat lens power, but also prismatic. power.

[0173] 1t 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




36 31 AWO BEIG11t he near working distance el ectro-acti verpsodizais field

bei ng decentered nasally or tenporally to satisfy the patient's correct
near to near-internmediate and near- Lpternmediate to far-intermedi&tlea;s 7505
wor ki ng range pupillary distance. It~ should be noted that such a design
approach is not limted to a circular design but could be virtually any
shape that allowed the proper electro-active visual field area needed for
one's vision-needs: For . exanple.,. the-design could be oval,,

rect angul the, nesqwarking hiigacte elmb@ﬁ?mbﬁrﬂphﬁ_ﬂﬁaiemg dweme%?hd ﬁs_ﬁllth‘lat hi s

I mportant _is the proper. placenent of the viewing area for ejther the

hybri d paFﬁ“}Pé?Faﬁin gﬂ ag@&é ?iﬁ?ua‘&%iﬁq{%ecbﬁ’eﬂyfﬂinaafflmermﬂlé%aﬂddégﬂlrgns t hat

~ have the mpirirellivte!td fACHIBMSIRE WorRihg fingk Bpifiery WtAnca ST BRbdWORAg ful | fiel d
designs that also have the ability to achieve'partial fields. [0175] In one
exenpl ar yihah#isHiarfspign apprepctnis nohbidifed to Frigulg3lgsign but eduddbe virually ve  zone

may be de; erad ' I ] . I e i t. or near the top
of near ﬁlgﬁg%é ?%ﬁ\eéﬁé‘g%ﬂlﬂ%rﬁﬁ#%%ﬁ%n?%w\#@rlr?eg&;,%a%aﬁlafx?e‘eintFof&e? ens in
this convisporsedoForeygaopleatheadespgemukl by ovdgtectangalagrigyare shhjedht eye or
head novepent to viewite t hrough the zone 5330 whi ch may provide either
near - i nt e%ﬂl% artgry CPQ’F&F ﬁtf’e&‘.rPPé‘gTsa’tﬂlPoW%ti ’6&“%8@8’6:?4%?{”%‘ 02619?1. A

pati ent reigwilgS@enfiasheN®arhyyis iparial Beid ?Sélﬂb Besigst owybrid BGRIPT only a
slight need for downward eye novenent. [0176] In yet arother exenplary

enbodi mentesigng ghag hava the ability {peackisie pamipl fieldsies welbas renshiythisr fulldieldal | y such
as shown adyidnk @at A3Dhavelthd mﬁqﬂﬂ?&ﬂﬁ%}ﬁ%ﬁﬁld@ear vi sion zone 5320 and
I Sl whi ch may

. intermediate vision zone 5330, € near- internediate, or
' f ar - i nt er WddSkineone grempleryembasiimoehtnash ks shosa is FbGNSJap thezlquabizetitss'  ri ght

eye as vi opK| rd. 1 atient. Th al de-centering.my allow
for a nat ﬁﬁﬁfgﬁnﬁl nvvalrig_g? o?r\g?ivoﬁlco y?‘ﬁ%‘ tgé}ea mlﬁﬂﬁg’i’&ﬁt?rd‘ﬁﬁ ﬁt‘?pegﬁi ng tasks.
In this msmbodsioerbnt 320awhin de (@8tierwog b @patidnt2mm ekt Rowgh this

di stance is_.b ot exanple only and may vary depending on ,the patient
[0177] | n°°£ﬁ5¥rﬁﬁgf¥?a§h8?§?ﬁn%§£@?&%wlﬁ% ¥ dslight eg¢ opheadduqement e g,

el ect r 0- aptviseiteo tRougdhBe ShRAII0WAEIH MBy BRARS eRBEhedNthiRrndiafkty: be .
de-centerfed, both vertically and horizontally as. shown in FIG 53c. This

exenpl ar yleEHSGEcHsR visay cprention ot hetBe dspatient manglse pecessmedi wision famd

far-int ' S ' i 03/ 090611
P?J[I'I Iugo g/r %‘gg@%&g? %%‘émz%%g 134 DB for BN G y@mofifient™

[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




novenenwo asivdeai at the sane time account for a natural picmvesosiizsed ati on of
the eye during reading tasks. [0178] Yet another exenplary enbodinent is
shown in FIG 53d. This enbodi nent nonstrates de-centering the 30 AUG 2006
el ectro-active zones 5320 and 5330 tU place the pupil 5310 outside tAhg
bounds of the near vision zone 5320 and within zone 5330. This enbodi nent -
provi des- for- access to near-internediate,- or'-far-internediate vision

wi t hout any head or eye novenent for view ng objects directly in front of
the pupi | movéibénh Wsile/AtQhé Band tifR MRl foFaNhdnghl fnGardradiintof the pod | ent  usi.ng
the lens of this_enbodinment may still access the near vision zone for
readi ng t@HB\ggeRding @sHs. eye or head nmovenment. [0179] It should be

appr eci at ' LSk M@ﬁ ; . d may be
vari ed fo@q%%]t [ é#@%ﬁ?@@?ﬁ%ﬁw ng ﬁggyd% orﬁgkg%@gﬁﬁﬁg%mﬂgfacenent S
of the el demonstraies derecntaringshebletira-agive condasd320 ang 8830t placepghp plipibr e easi |y
created a fall. wiwthin th cope of this inwentiop. Likew.se,.the

ol ect r o- attio it Bords Fate ABE yier Ak, A 26h 1o o 40; Tt

amunt s. &hbkRimeR -providss fRoaced ® - h@rintéRnddie, "Giafar00EnQIRP vadigl y -of f
during near-internediate and far- internediate_tasks, such that _the

pl acement WHRout gy pead; ar e meveBe fer vipwing pbisctytireslinin Foutioh the mipiless
critical, ; Ltef nmfse R Qﬁa 5 RV Ss

near - i nt e“?}rarg | gtﬁgv%ggfcg%}l%?er rre?iri fg’%gﬁpo e'r %gﬁ?%ﬁgﬁ%\%é\%r, i ﬁf)gﬁn%odi ment s
where i tembodimentdnayi stibicgessdhérnsas viséew zonedporeading through shight eypedf at e vi si on
or far- i taﬁrn{;r%g!ingﬁe vi sion avail abl e sinmul taneously, the placenent of the
pupil w thin He etfectro-active zone will need to be carefully chosen
based on A%9Ich sisiuliEbatpmasatedidacthedeathiedihdrey art byneayi ofl examplaconper f or mance
of the spectacle, [0180] 1t has been discovered that the elecfro-active
refract i vy Be |[Vﬁn for pauent ha?’ﬁﬁtorn‘b'tswéqgl feqds 198 $5°IF hOMRY an uneven

t hi cknes s?iaaaﬁibhtsi 6 thé BRcii®hdtivel fones Withl respOA Y ld YRichI§ pepDaleGsilypyers are
not parallel and_the gel polyner thickness varies to create a convergent

or di ver gémted and falh spdin the $cope of dhip invengor mfiilgwisecthe £1e¢6m@=activg f or m

t hi ckness G & t | Herl = hyby i L ment or in
a hybrid %Dgg%véyfhégﬁ%e;ﬁ%qeg%?%idgﬁéf)erﬁaﬁjldﬁf rgr(l:tg?xﬁﬁﬁehrﬁés! 2%1'? ?‘gggglﬁgés presents
a wi de vesssibleytoofurmdhel searbtane| completelyert duting wgim-interinedistecanbfarat i ons of

these i XGelrA08alDsRe! QA0 fbt ool GLUSRON of 102 Fupitonittt rdpds 20 Wermediate
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 matyix 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 'combinaﬁ_ons of these fixed and




el ect riwalosyowet ust abl e | enses. In some inventive enbodcwsesizsishe single
I nterconnect electro-active refractive matrix utilizes non parallel sides
creating a non-uniformthickness of,the el ectro-active structure.dHdW6\Es,

I n nost inventive enbodinents, but 3r§ot all, the multi-grid electro-active
structure utilizes a parallel structure, V\/mch creates a uniformthickness
of the electro-active structure. [0181] To illustrate -some of the

possibilities, -a convergent single vision lens optic my be bonded to a

conver gendlecatiedlyr adjasthblee idneesS LD wwneatigvéntivy beiboli@itatsaseeniingle Dependi ng
upon the electro-active lLens nmaterial used, the electrical voltage may

ei t her i nRfeERRERech eleclpacive Friraplye, maprx, utilizrgson-paaplled (s1deg Cr9NE A t age up t o
reduce t h@yninidey dkdes! baald Q&Mu@e %Eﬁ&gﬁs Hvelvbi13h nko%gfmé&é&fm' y power

to give less plus power, as shown in t first row of Ta
di f f er entenehwdinenss, itghgotodll, fthe axtltirgrid eldctotactve stricrere |usitigespa perallel f

adj ustin I e index. of refraction of the
el ectro- gs(t:l{upt@geanginég%gcakﬂ:? at'ﬁ?f ﬁnél&)gsh@ﬁfe %15% gChgggg%}l povver changes as
shown in- Whﬂ]é‘o&lﬂzﬂralﬁisdzﬁ@bﬂﬂh possitilitied, lavavarkeilt sifide idibngeRChptiz- acti ve

| ens pomer S | d be noted that, in this enbodi nent of the invention,
only a ‘H‘gﬁ# 1O CORYFTSSRleeleROr dotiNe dems it creats d baiddens pssemle

el ectr o- mng ap6R thel BkiFo-detive VensOmatdiit uldde¢id erecﬁ'iehtﬁﬂﬁ d E&SJ&X of Fi nal
Hybrid Lens Lens Optic Active Change Refractive Assenbly Pg (Di stance

Lens Charflfeningreess)or Wﬂé? thﬁfﬂffac‘-we LI@QS Mmshngﬁhwoléagelmo rmp@ﬂ:M nus Less
M nus V\DLQ&XO‘%)@HCJP é?g%ﬁé% nég&eﬁ%ﬁgpe%-&b &C% ?CSV ar M F.

El ectra Voltage In ens ive N ange
l Ref r act i \rovwesseshown mthelﬁrst(rb)vs:lfalabb 1L fon sliffiremgembisitiony offixed 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 embodimcnt of the invention, only a
single applied voltage difference is required across the electro-active layer. |

S.V.or M.E. | Electro- Voltage Index of Final Hybrid Lens
Lens Optic Active Change | Refractive Assembly Power
(Distance Lens Change
Vision) Power
+ + - - Less Plus
+ C - o ~ More Plus
L S U LR Y - More Minus
- ~ - - Less Minus




+ + - -WBhs@®llus + - - Less Plus + - Less M nus Mr echlusos1253182] A
possi bl e manufacturing process for such a hybrid assenbly follows. In one
exanpl e, the el ectro-active polyner gel |ayer can be injection-nnlyquﬁzmﬁ
cast, stanped, nmachi ned, dianond turned, and/or polished into a net |ens
optic shape. The thin netallic layer is deposited onto both sides of the

I njection nolded or cast polyner gel |ayer by, for exanple, sputtering or
vacuum deposition. In another exenplary enbodi nent, the deposited thin
nmetallic layer is placed on both the Iens optic and the other side of the
I nj ection-nol ded or cast el ectro-paBryz material |layer. A conductive |ayer

may not [DEVIGE REFAI|Y Elediko) || Vollage | TRAok ofl S0 DFmaRAyBAY IR 0S|t ed or
sputt er 4d 1ok @pie Teiative © || Bfinge 3161&? actib | K€ CORURBEY MRger DI flocal

mul ti f odal BEPIriessf Mk | gnses whe gB€q" Vi sion power sednents need
to be pgsi VRIY dijf f b Qltlyrfo_r di fferent "nuliti focal designs the

i nvent i da—eatr—at-ways—be f

=N At
CUTITTUTI ALl | ]I. Ul

jY P Ay

I T T KN .

di f f er ert—statt+e—pawe . efby—the ¢ LS{"Z;‘?EJ rat—appreagh, where
the eye |-movet and-{the-head-tilts-tolutilize siiais —It he
present iinvention gl | owE  ore to either Inok dileess MipUSShead ar slli ghtly up
or down,l and the edfire-eledtro-active partialMereMigus field adjjusts to
correct for the necessary near working distance. This reduces eye fatigue
and head and eye novenents. Furthernore, when one needs to |ook to the
di stance the adjustable electro-active refractive matrix adjusts to the
~correct power needed to clearly see the distant object. In nost cases, this

woul d - cg0m82] thposeibROhaifairingSproctiss! for 31dtea RFHA AP Sollbwa! Bivie field to
- becone of iglgo power, thus converti n? or adjusting the hybrid
el ectro- §§§‘P - e Slesherectiy poliimer agde ey ¢an Owbdniectisarneldod) eas628 40 31
AUG 2006 statral GRadheiCaibingia htfs, indf&ﬁsi@u@ﬁwqﬁw%& uén%ﬁa%g{a@gfﬁé& ve |ens

correcting distance power. However, this i's not always"t ase. [0184] In
sone casdkinj metallip la¥eraig\deprsitgd canso thothr sidexc ef tthee injéritiok ogidedfor tcags si ngl e

vision | t o€ - S ¥R { tral l,.ckpess. .of | | ens, or
t he edge%gﬁr?%g egskg}égfby a*m nlﬂlgﬁp F’é %g’?&egg‘ﬁ %revécglg'?cge ?/18\1}@%* %?OL@%IWE )
appr opr i axemplagt emigeliment, the deposited 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, niuitifocal or progressivé lenses Where the ﬁear
vision power segments need to be positioﬁed 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 sﬁch zone or zones, the present invention aliows
one to either look 'str'aight ahead or slightly up; or down, and the entire electro-active
partial or full ﬁéld adjuststo ébﬁéct for 'ti:léhﬁece:s;éér}}ﬂﬁééri @ork'ji_!g distance. T‘his
reduces eye fzitigue and .h'eéd. -anci éye movements ‘F\;rfﬁérmofc, when one necdé -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




power ceomsps®ii on in the el ectro-active adjustabl e | apegaséirisgwoul d apply
toafull field or nostly full field hybrid electro-active spectacle |ens
or in all cases of a non- hybrid electro-active spectacle |ens. JD2856]200nce
again, it should be pointed out that*0the adjustable el ectro-active
refractive matri x does not have to be located in a limted area but could
cover the entire single vision or nmultifocal |ens optic, whatever size
area or shape is required of either one. The exact overall size, shape,
and | ocatyj 5 | ' | Wbt i ned only
due to pé?$§}ﬁ%ﬁ%g&%ﬁﬁggggﬁﬂg??%%ﬁ“?%?%% ﬁ%$%ﬁgg§%%égnggg%qgégggvered and
i s part o@bwehdlawsvemthivis nohalwaystherasei zi ng the proper front convex and

back con ur f the_ sj ision or.nmultifogal | hlank or optic
rCH s po e G BUEE ol I g D0 S ptp ool ohd p Gk SR oBERTC 10 P

tEe i nyenﬁdim_len_B)bpﬁayF&foa_ﬁ?mrﬂng/lcaﬁi-ae(ﬁllibhgzsi lag af plantenspby ehe h@_&gl curves of
the single vislQon or tifoc ns ank or optic It 1S 0SSl eto

mi ni ni ze Eﬂeﬁﬁﬂgérmnﬁw%nﬁ@cg? ﬁaievéf%gwevégf Bt CBPIOBria [ YaE  he

el ect r o- 3ptvel Corh@¥Sition il the R tro AEHRMGRRbTe 194 ¥nik WRuk Sy Rdasnar e

required as the entire electro-active ' field area is adjusted by a set

anount offield eronestlydnil Higlddiybrifl ¢isgire-attivesspsetecle dengwe in 9! eaves ehamere of
refracti l- o) fhiro-active material, which creates, depending
upon the\ﬁgpﬂé@%gn%(ﬂ%évggﬁ%kagﬁe% ro-active layer, a different power front,.
back, or [0185dOmcel azaing dt abauld cbel ayimted Finuthat ke adinsoblei alkearo-adtiveat ur e

needed SRR ST RO 5 Beireoterlobtind T e MuteryBa B GRoHGHe R B d | ens. 1 n
nost, = bightiRQingdd Yisiol Yo mhtifdes lmﬂﬁp@ﬁa@bérmefw&eoﬂ@h%@isiré'lﬁieag a

diffractive or Fresnel conponent it Is inportant that the electro-active
refracti W& SHReT pue- dHssexst onerpll sixes shapes andglopatiae efltheeslegEn-agtivel to t hat

of the Si vy inad j 8 AT 90611 PCT/ US03/ 12528
41 31 AUG 20‘%‘6-h%lgcﬁﬁe‘?)“rs%{n%%{”gﬁhg?ﬁ?ﬁrﬁ’ﬁﬁh‘{éﬁgﬁgﬁ%gni shed |ens blank it
i s attacHh@tB6] & hasralso here discovsred and: inipsrtiaf the Inybntian Hatshygutilining fhei ng a

mul ti-gri r b Qi nted .out that. one enbodi nent
is of a I?g??r% |£ f}rugﬁ[éebgts?xo%n%c |%{/gl)ﬁﬁa2%§'wﬁfgsl ?fla%@ r%lgngfee‘g%lo? R]éﬁl"%'ff’fﬂl ?enl‘si el d

appr oach bianlt e opticimis possible wo fietter rednde the danfjdexityesthudadinoriot seeded! | ze a
.multi-grid electro-active refractive matrix_ approach to creat t he

el ectro- 5%’%’5%}“‘158??“&3% Y@ o P‘\"ri?- Se&?‘ff“&ﬁ,xh :COH’(ﬂxth‘?ﬁﬁ? EU‘EF%EEWSdes - and

el ectri calngle 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
1s 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 middie 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




Ci rcui twip odbddsyoe required. When utilizing a :nulti 'gr'bé'rﬁrls@ﬁzgﬁ' active
structure, it has been discovered that for the boundaries of the grids

that have been electrically activated to be cosnetically accept qb&h@e 0
(mostly invisible), it my be necess‘ﬂry to produce a refractivé I ;Q
differential between adjacent grids of zero to 0.02 units of refractive

i ndex difference. Dependi ng upon cosnetic demands, the range of refractive
i ndex differential could be from0.01 to 0.05 units of refractive index

di f f er entiglk Betsid b YRiHifo) Eﬁ?t%?}i t [ n hs. |1 mted,
by way of a cont rggsl Imérgnt gpa mam%um 0 OI%g bgerl&%ﬁog %t%a?{ie? gc]{? drhzef ractive

i ndex di fexeepiipodo Bus inadiybrid degsigeutilizingramult-gdduchirei s al so possible to
utilize I [ | ectro-active |ayers,. havi.ng.different electro-active
ot ruct ar d0T8)0, MRl Bt Bt A hat o RERuERE o BF & e Gl RERYa | gy 1

st r uct ur densntilizingdess thapcfullEeld RResthANd Q. ARAHGINZE twb elebiietRRt Othle desired
additive nd, f ocusi hg power. For exanple only, one could correct for

di stance § }meats util{ze 4 mukt-gridyelpgirangsRve refrarsive smasrx approahdecregiaact i ve
ayer, . dndloRoiblablivd RHHEGe kil SLWARASE ByliFICHdoubats Yhd klebfichie

posterior (i.e. proximal) electro-active re ctive matrix to tfocus for
near Vi siCéﬁ‘f“ﬁ@rf@fglhﬁrﬁﬂmmdnwnp'mihgla.mtillékgiicbqje;midfracdvapqarmxatc,ﬁt baner at ed by

the posteLi of u eadi. apparent that .utjlizing this
nul ti el eb%%”!rl ﬁscgg%%éh alrttef?lfg%t i.’@*é‘ggr‘g‘“?s?? %(Ebfpﬁ?%%ﬁbﬁp\%aﬁ p’%ﬁnl g\‘?\?t.“? ¥ i ncreased
f1 exi bi | iactivadt tcebk eemnatigally. hecepapler sy ieviBible) ! i inihyalRdndceshus) ﬁ;g Itlhe

conpl exi t f each i.ndivid | ayer. Furthernore, this approach all ows.
for sequéﬁ%‘?‘?‘f&?f cpﬁﬁmﬁ@ﬂq“ﬁ%w?mﬁt%@s°5ﬁ%f°(§%9rggﬁéﬁtb‘?fze t hem al |
at one tirdRactive @ane dféeioes IIBHARRL AbonY Bbdnttlcedafiligh] MR rdi@EUSH NO pover

effect. This variable focusing effect can be produced in a tirne |apsed
sequence ¥tiye index differntialf eauldrbe) fromm 01t tec 05 ninits enf drsfrantire rindax vi si on

anse 10 gaLeaneLs FRAAAR iy EONR s ORISR, 30,0

| ooks fromfar to near a verse e s”one | ooks from
near to feantroljeni®@maxiseumof .02 of 808 uoitsiof fefractivef induxdt differenet ekweeappr oach

al so all c%nqra_ré‘agster el ectro-active focusing power response tine. This
happens 0 a conbination of factors, one béing the reduced

el ect r o- 48189} & immlse possible hi miizevac bepdadeltaro-2ARD layeRVRWingfdifRtkad €l ectro
active Iae?/e ed lLens. Al so, gecause a.multi electro-active refractive

matrix al aPRYe BEHITS Yol 5 Aringleigsprennnept grucqraqad/er a amatiterid- acti ve

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 comrect for mid-range focusing needs and near vision range




refractwygesmm@bni X into two or nore |ess conplex indivigeplsdsayess which are
asked to do less individually than the master electro-active layer. [0191]
The follow ng describes the materials and construction of the 3] 2006
electro-active lens, its electricaf2wiring circuitry, the electri ca(f power
source, the electri cal swi tching technique, software required for focal

I ength adjustnment, and object distance ranging. [0192] FIG 19 is a
perspective view of an exenplary enbodi ment of an electro- active

refracti i’o%.ig%ﬁéeés 0 1@&@@@ o1& Bi%%&‘ hdRs egjae ARk 8fLL Qs BRd | Ve

mat er i are met ers ttac to the opposite side of
~each nethbksﬁomary:artofmzo are conductlve | ayers 1930. [0193] The

el ectro- jve refractive matrix discussed abov

constr ucﬁﬁ%@ ftbeh LF@ Clye; C%V%&%?Ppé%ﬁc o‘“}lsq f’]&?lwsdtf%rr %éte as the
el ectro- é!@éti'd@:tlvﬁ%cﬁ%i'ug'po“’é@m%?&fse tinte. QRistiRppers e b a\OmbASESN bt‘)t h a

pol ymer ggwel ectro-active ractive matrix and a |iquid crystal

el ectro- 3 cong dyeing theyisdnesd ¢lectzp-actiye jmateraal thigkness meeded 0548k ens.  For
exanpl e:y é‘ﬁn ot Il Cucdiobskee ibeRda- mswme.}:al&edd LR @kB-achle € ectroni

tint or ass effect and the pol yner ayer may be utilized to add
or subt rmﬁiacqum/mamdelohrstfhe breekippgwip the Icomphbxity gfiiadmasterstledirolagtive he property

that its tlcal nde refracti on,can Lied electric
ol age: i 445 e o oA B AL LIS Yelkh A0aRRE'S anepar ent
met al | i Cdéﬁg@ih&vmtaﬂytﬂﬁﬁﬂheﬁhﬁ&d@&d—m@@]ﬁﬁﬂct ive layer is deposited on

each netallic |layer to provi de good . Iectrlcal conpection to these |ayers.
Wien a vEPLLThg é’nﬁﬁ?ﬂﬁ ‘Eﬁﬂc%l?ﬁs&gg d copiisHeR \9E8¥ act¥e ol ectri c

i field isjeqg el efedaflaaffing NGBuRA] &Brah@ﬁca%vﬁéreﬁu&&- ta&tdle&umt erial,
changing the refractive iAdex. I'n nost cases, the liquid crystal and in WO

03/ 090618withiygl Jsbrineg sdtwege Iequited; @@)cfecais?@nghcah&m@m{e agé|abjegte housed in
a seal ed ?eoﬁﬂé él ng envel ope of a material selected fromsilicones,

pol ymet hacry at tyrene, proline, ceramc, glass, nylon, nylar and

ot hers. [0129]4H(F|1&152:Opérspeaﬁ1aeempe¢ﬁ an/exenmdary Gintediresnt o iamsitctmf an

o eCt . RO 0PSB AN B b A0 b N B R0 oL v
pl'ural i t yoxuf arpinketillic 145860 920. Whidiad cahe Eposiepaiabeeachymaaliintigferal havi ng
el ectri C?gl)zol ar;esgcl’n%tugu‘%lg;c?_ ?SS:-‘EOi.es' Thus, electro-

{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 '6f"refracﬁon 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




active wetoghdeals 2010 can define a nunber of adjacent zeoegsoseamsh zone
containing one or nore pixels. [0195] Attached to one side of

el ectro-active material 2010 is a rre allic layer 2020, which h?éh@ﬁn%ri d
array of metallic electrodes 2030 sédar at ed by a material (not b
having el ectrical insulating properties. Attached to the opposite side (not
shown) of electro-active material 2010 is a symmetrically identical-
nmetallic |ayer 2020. Thus, each electro-active pixel is matched to a pair
of el ect rseﬁﬁscaz&@e toRls S8 hbhRdanl i EHERFYu1 R renvélageeﬁi aAhi@gdled to
metallic | ayer 2020 1s a conductive |ayer 2040 havi ng ?Iurallty of

i nt er conrselegted ifepsn sBisonesapelymeibactatatal sbyong. wEalisei ﬁﬁf%tg ashoWAPLhavi ng

el ectri c Ellﬂﬁ}% ng properties. Each interconnect via 2050 electrically
coupl es onye gri enent pair to a power supply and/or controller. In an
al t er nat {01943 FMGJ 20 & ,perspeniive aaly ©f aal dmiwfliment exf o relentto-actiat l@ﬁSO can

connect han one, g nme p r

“controll 58 1§52 W%W)‘ﬁﬁ&"%ﬁ %‘?ﬁég’?@haﬁ’&}’&e %‘\rlgle g‘%\‘%ﬁﬂ{&g netal lic

| ayer 202&@10 &at Bahd,mQﬁﬁ@&nbddﬂn@&t@ﬂcﬁﬂ@@@ﬂirﬂﬁ?bﬁpm@ﬁt @ichiof le:@dlﬁéan2020 I's
repl aced by an al.i gnrrent | ayer. [01 %@]El In certain i nventive enbodi nents .

t he f r onte{ Wpatmier)bys a rnaerial Hawing dlestieal dusulating prepertiesd /s HBERISyr f ace can
be. made ,0fvAnuRHSN 3610 &ﬁrﬂéﬁhéhfﬁgn?oe{:eﬁ&fj%ehp sbes, e& L&D ESHRhIng Component .
Thi's photochronmatic component may or may "not ized Wth an

el ectroniooeprwcmuelsl nt feature associated as part of the electro- active
| ens. th |t t||| ed it rovid n a ve tint in
o compl 1R AGEe dhe b ol it G s T 20 B e AR,

;i nventi vevhiéh 63 GQéﬁ)ﬂldeCEW hiS&chlalﬁaﬂodéé 2830 AtfaraeD by £ madiadgndts the
photochrlsgatlc mat er .S u ed sol ely with the.electro- actlve | ens wi t hout

an el ect SERYR havine & S‘ﬂe‘ﬁf i HMERRES to therenpesife sidn B i ncl uded
in an el QEdwRYy SCLEMR-AERE n';ﬁé&&'l 2b1/0 ey s9ﬁ31ﬂeﬂ§‘cah?¥€énﬁ68”ﬁ%@t§llfc'lﬁ 0r added
|ater to the electro-active refractive matrix or added as part of an outer
| ayer ei t2989. Bansy Bechr elegtro-acgive pivel dumeatehed ttpa painsf elegredrsr 3P0 t he
el ectro- ﬁh he i nventi on can be hard-coated.. front, back,
or both ?gn %g %g%-ﬂéﬁfnl an anti-reflection-coating as desired.

[0196] Attached to metalhc 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 te 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.

f0198] 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




[0199] W esmgestruction is referred to as a sub- assentdcveseiishs can be
electrically controlled to create either a prismatic power, sphere power,
astigmatic power correction, aspherig correction, or aberrati orsolc%g oMt i on
of the wearer. Furthernore, the subassenbly can be controlled t0O mmc
that of a Fresnell or diffractive surface. In one enbodinent, if nore than
one type of correction is needed, two or nore sub- assenblies can be

j uxt aposed, separated by an electrically insulating |layer. The insulating
| ayer may embodimepisithe phasdchsomhatzonatedaliislesed soledy oithealie dladindidiwaienst he same
subassenb IS uti.lized tqQ create | ti.pl e, power corrections- _Ejther of the
two sub- %@8&%%‘%1%0% itffgﬁ?glpf”ﬂ@f'%e %@g’r@élﬁ palerial Gan B mafyded; f f er ent
St ruct ur egn an dlB¢teo-ddtive lers iyee by valy (F1ThO tiyBEMmptkiionGr bI@d BRER @k the

| ayers, the electro-active |ayer, conductor, and netal, are contiguous,

that is, EGRF-AcHHEIeiragivg magix %‘E‘@Pﬁi&?Pmpﬁﬁ%oﬂmhwwiﬁ{egmgk‘efwniterc_on_nect
Struct ur e or tha®aQe6qRL 1eas." &?ﬁﬁr , %gé&@gé&vé?&sesSWin%ﬁnt@n%ban%g) utilizes
or heac Sub-

netallic layers in the formof a gritc array, W array area
el ect ri caharg-copted feamscbackoan both -qasi lphbwtesl, with. aharsi-efibaitinreoutingewi ng  a
nulti-grig.@el.gctro-active structure, the conductive layers are etched to
provide separate electrical contacts or electrodes to each sub-array or

grid el enf199] This cbhSructioiniaefensa 06 baheubaskeribhl hitCh cRlbbagR iRy be
applied acr Osil ach gri d..elenment pair in the layer, creating regions of
di f f er ent “ONI0He% WBroreapeithen p gppismatic; pewves; Spheare pawer.vestigpatiernosier| ayer . The

detai | s oforflREbE) hsphefic!caftedifdn ﬁi}’;ﬁfenraﬁbﬁzg&?ﬁon loP AXw&rer BhLRGLYD:

vol t ages, _candi date el ectro-active materia l'ayer structure, nunber of
| ayers or thesBbassmmehly san be eentiped ty mirhic| thgterf 2 Fresne wp diffmetive sorfaseat ur e of

| each | aye ; ' ~fkor the opti designer to decide.
WO 03/4090%1@&%05%%@%? Hat §Iié %Eﬁ}é"gg%mf’%?%&f&% ¥R 8t reb%’tbhot ed that

ei t her t hesseroblics-gni bk pixeapbsag; aeparated diyr atc elec@ically id@lasingghyeri Ther connect

el ectro- ' structures can be utilized g jther a partial lens field

or Ca ful 1 ipkEoer i BR ORibidGh B siliogie ofide. T aBoihed slbpRRIENB B8t r 0- act | ve

refracti venretibasserhblyUs ifilizz@do cieBte MRStiple T cotecBbRS HileAGH th fygat er i al

havi ng a %I osel ma%c ing refractive index as that of the partial -field
speci fic ¥ éﬂ?iﬁ“lﬁ%&ﬁ QumeRts Justdiscyssed ¢ap By anadetof dwp dififerant Stenplawds. i s

Speci 11 o6l et or par vn ool Alond BRR AL DL e’ B e ke & ance
the cosnel@Ye: FRrdueter. ind peiale prectantiguausi that Ii%neﬁtbymua}ayefs dfeapietig, t he
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.




appear aween3@posahe entire el ectro-active refractive mat mctnappessd ng as one,
in the wunactivated state. Also, it should be pointed out that in certain
enbodi ments, the franmng layer is of a non-el ectro-active mat |§Q [{08201]
-The polynmer material can be of a wi §8 variety of polyners vvherg{lt 61

el ectro- active constituent is at |east 30% by wei ght of the fornulation.

- Such electro-active polynmer materials are well known and comrercially

avai l abl e. Exanples of this material include liquid crystal polyners such

as pol yeq0200] ipsHouRt BehoteBGhitadindethe HREEridalBétfo-gotiRsthicbesy theand ot hers.
Pol ymer gels may al so contain a thernoset. matrix material to_enhance the

pr ocessabiigle ipeseonngel elequo-opiye sFectires cathe Yfilized: & eifher adgppsiaddensat i ng
conduct i wgid BY &l fal Wl HdIB! PRl de vﬁgﬁlﬁﬁﬂg@ Ffé Qﬁec@@—la gy way  of

exanpl es only this matrix nay be a cross acryl ate,
pol yur et hefiiective, mdtriy | is pnih;qtrmcmostsedsesa I@delni:ttchacawdl matmall banaﬂw @r

mul ti func nal cr | at e hacr I | i ve. [0202] The
t hi ckness’ o?lytnﬁ ¥?§f§}m&é‘? B?f% %{elg kﬁ%ﬁ?&g’ ®mcrons to
about 10Gotriactveneesl; laj&!.tt(th&&’ymﬁﬁg a@et)hs ﬁﬁh@& 1&9@11maajabém&@amd @erpa@sedanot her

exanpl e, . between 0 m crons to about 20 m crons._The | ayer can
have a miwm fe ﬁq_ﬁeﬁ SR HIGRIeCtrozASH YR TeRm - b o ASulst. Ih’éﬂsg €alfout 800

pounds. PRhhadcBGhe cBimétR ANAFSF the¥REPSBetiveORat b QB p&UEéjer%e fhe! NCh. The
nmetallic | ayer can have a thickness of, for exanple; abo 0-4 microns to

about 10.2PPeRraned 9k the setirgselentotaetive esteastive maummpp@bggtasmn@, jm #@- 3 microns

10, About whadtivited Yoo, TAISE OF Soll B SRAMLS bl ol Y L1020 BBNRen il CKNESS OF

~ for exanple m Crons M crons "“and WO
“ 03109061ﬁaﬁﬁﬂ'gwﬁ}3s¢%ﬁﬁn-&6cmaoﬁv6n%ﬁﬁl as anot her exarrple from about 0.8

m crons t 12 an not her about 0.1

i crons. ?%@g% ?%é’mﬁﬁpé‘f zﬂ?é’? |"§d Rﬂhﬂ:@?‘a %’ﬁng?&g e el§eif%ct bet ween
t he conducfivev@nsttadiR is magtm%b)e%fgm afiﬂ:de\/lﬁrrﬂﬁhﬁ‘dd Bluch HRE&agHel | €d in the
art will Edl|y recogni ze the appropriate netal materials that could be

used. FoP® aterighy, arecWell kngwa @GIQS’IBWC@H}’ wegilabjey Fxaples ofthis
enbodi ”E@ﬁateriah%di&ief R&tid \é?ys'tdigﬁ;ll?mﬁ?érs i &8 81%&&3@51[}}%'&1?{;%03%43% e,TRY vary,

for exanpl e, between about ts and a out S anot her
exanpl e, (BEBwessin exsoo bipheny apdiothers Rolyaiss gels InaGalsncangain i thérmoset change i n

I ndex of mawix 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 16° microns. The conductive layer can have

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




refract wanosmboaal | east 0.02 units per volt. The rate ofpcghgdiggshd the index
with voltage, the actual index of refraction of the electro-active
material, and its conpatibility vvitg the matrix material wll Feterm’ ne

t he percentage conposition of the el 8tro- active pol ymer int o3 HIb 8 | X,
but should result in a change of index of refraction of the final
conposition of no less than 0.02 units per volt at a base voltage of about
2.5 volts but no greater than 25 volts. [0205] As previously discussed with
the i nveni WBoBEDEENPRE)  frothi Aol 08 AidhY todabdle 9. @ midbfs, SREtdsopg of the

el ectro-active refractive matrix assenbly are attached to a conventi onal

| ens opt i aneteriexamplepdoshl.il smieroasihesi ve or bondi ng techni que which is

ol oabe pRRPP TN Sk Wl P16 pRRRE ARAABROEP I EA R DR IRY,

pre- assentﬂyedargh%ie &letcaohanisaermam;aalf Thoselshilkbidrig theoart kndll cendile m:cogmab | ens f
ic. |
hesi . ARbopRSe it Gaeadp el B B wich Feerniibla,ene S Bl & Tens

waf er, whogdilves t hen adhesively bonded to the awaiting .lens optic. It

coul d be ﬁf) ied to a sem -finished | ens bl ank which is later surfaced or
edged for q%ﬂle podiments thearefragtivedndex qfctbe W@ﬁéﬂ%m&@r}ﬁi @y total,

power needsy Edrnaaamfﬂe 'HetwééﬁLHb‘aup@zcﬁrﬁEFe&dogﬁo%télé”inn' Gl SlafhePi €

utilizing SurfaceCasU ng techni ques hi's creatés tnhé electrica |y
modi f i abl equmlsrbeb’feenhboutrw@mmbmd Fbaut d|75ainite,-with theehangefin dmdek WE mat ri x

may occup o area. or ly a rtion f. L. [ 20 The i ndex
refraction o tahge%‘gltg%?um s?”ﬁ%ﬂﬁ%%?gp%ﬁﬂgeb’él H"{‘ Vait cé?t’ed only
f or t he athecacneddetdxtof efraction ¢fothe eliplaetivé atdial, fw}arltsdc dibaityf i el d

design WO Q /090611 P e{;& g_(é2528 47 31 AUG 2006 previ ous di scussed
t he partlgf fﬂPeefnd‘trH‘r’é'& Vi pEcuRg %WC&MC&P{”@P@BOWfWWP §kiOs ar ea.

Ther ef or eactive pblynfer &9 QIrRA, Bu ShultiXuiPhn { GhEACHS ﬁ&edéfr@#réc%%ﬁ%f'on only a

specific Elgrtlal regi on of the lens. In another-e di ment
hybrid fu mabp‘empt&ttsqnﬁ no Jees thar §020mits ger selt pon bass vaoltage efiaboat 0ss t he

entire suskaghsp |n|3;| @art%] i(}%d)lﬂ ndex of refraction is altered across the

entire area int esign. As discussed earlier,-it has
been- di scl¥9285kds wrta’tlousl’y disws@d with rtleg utvantmeaemhmhmpﬁtaahﬂfzmgwhymadl cosmetic

appear anc x di.fferential -betwe adj ac areas of an
el ectro- a%fslg@ the%%‘lgt%’%é ﬁyﬁfﬁpcﬁgo'lalcwﬁrg ye J03HHR ARG g’farﬁ aﬁ“f %% to 0.05
units ofcqmémtamal Iens optibewitldl ad bpprepridiahdhepive oe baﬁﬂxﬂg fheBiquivhinti® 0. 03
units.

transparent to visible light. This bonding assembly ean 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- mtilizing -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




[ 0207] Wi esfecenwvi Si oned within the invention that in S PR REs ARS8t he user
would utilize a partial field and then want to switch the el ectro actlve
refractive matrix to a full field. In this case, the enbodi me Ap@zﬁ
designed structurally for a full fied enbodi ment; however, ol I er
woul d be progranmmed to allow for switching the power needs froma full
field to a partial field and back again or vice versa. [0208] In order to
create the electric field necessary to stinmulate the electro-active |Iens,
vol t age i | _ Iy by bundl es
of smal |ﬁ%?§ﬁ%¥§?8§ms%§ew&5§%e@%ﬁg%e |aFle hgf?aahéges e franmes of
t he specirex | Berefdhe imihie smbodinient thea ingenef rsfrantive Jdeﬂlt:reldhedoﬂiyelaow into the

an el ectro- .active eyewear, controll e and/.or on re Il er
conponent¥° “3 ‘#‘gl ‘Eeé’é) &F‘é‘?r@n%dﬁén@ﬁ?rr%@?ﬁfrﬂ ’etg %&PQEP@%‘F@ wher e
st at e- of -defignafie iidxe obesfilicign id ﬂft‘éiéu gbi@ss tiRCshtird) se@Ate C ORMUEOthe
manufacturing link the wres- to each g rid elenment in the optlcal

assenbl y.infsx ehiefaction & dlfored pcrpss, the argp iy the perthebisbdesi@ntAs  neani ng
one wire cﬁ&:ﬁss%&%q}lfe}' if@aakao\ésmﬁ%é e Bt YR k9 & % AfkinBRE AbdeHt M-Izﬁns s

required and only two wires e necessary each [ens vol t age
woul d be Opapﬁlqoeueumama'an@rﬂmmﬂaa:em dlex diffendritiabbétiveerpadjscent areas t he

- opposin ' Id at . ground .pot ent | I.n anot her
embodi m%ff%hggwa&aé%a&%ﬁﬁhéﬂxss ’ieg\ ?‘é‘aé’?ﬁé’aéflﬁ‘% %%@)%E?‘g‘ss opposi ng
conduct i wf réfeaceivsinddhifferdnial, pmmynmmmoeaaﬁ;w made at or near the
frame ed each spe ens If a grid array of voltages is
used, ﬁz‘% IHIS&BHS@P@% fthml:\%mmw §“§6€FP%§§9€W33°\MS?W%P dpadhizenct

vol tage ARy 6HP Hﬁn%ﬂﬂ@&fswﬁélfhaevﬁl&%‘ol-d%ﬁde i‘é?rat:ﬁ@'c ol L@ 971 d WO
03/ 090611 PCT/ US03/ 12528 48 31 AUG 2006 elenent on the I'ens. An optically

transpar difld- éartbnmmaghmmbmhmemswewdd@ dastingdnsowngterally tfoma &sil deld or i ndi um
t I n OXI d%ﬁ(ﬂO %elu Ccn%:Oilar %%L{FM% laﬁélg rfor é&lt Ell
Aect th e frame

el ectro-active asse 'S use € Wres in
edges t dhepavergreeds feimaﬁuilﬁcldt@h@mhleﬁeldanﬁback\@aih@mmcevmsa met hod can be

used reg whet ro-active area occupies the entire
| ens regl ofi si%gn'{er t%cﬁagetﬁi%ﬁ ﬁéi& DEEFSTHY t?ﬁtémﬁl?l tﬁ SEEENRTHGes for
achi evi ndensi xellt@blxo deliverddwe thiel loptical labs@mdlie THEER | @ovidédby Buskdl@adie

i ndi vi dual aﬁ\ ni -volunes of .electro-active .material, each with their own

pair of dfH HAMETCE YHSSo dbichy age comfpined, ip e adges of the ifeanees 0k thes t he
M ni - vol WpBstacleANPhé) Rirel AENROAULPIWRE sBERL B¥cRBedbeibhahioQhe WP BRcthRt t er ned

el ectrodes for the

active eyewear controller, and/or one or more coniroller 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] I 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




conduct wessmsostet al [ i c | ayer, grown on the substrate |ipphggssRiscal [y. In
“this way, the electro-active material can be contained in a contiguous
volurme, and the regions of different electric field creating t AUG 7006

pi xel ation are defined entirely by t48e patterned electrodes. | 11? To
provi de electric power to the optical assenblies, a source of electricity,
such as a battery, is included in the design. The voltages to create the
electric field are small, hence, the tenples of the franes are designed to

al | ow { Oreiddit ASAE 1N an ko EARDLOR: SlndEthlshMERuNLK baidign es whi ch

provide this power. The batteri’es re connected to the wire bundles
t hr ough axide, tin pkids. argndivmniacixids(TEDsmay bevsed ke form the comluptiventayarenpl es. I n

anot her e di.ment ., ..conforml t.hin fi bat t er, es. to the
surface Oﬁ%%g%oé Ve &t %ﬁl?lh 1S’aur?eﬁhﬂ ceosnlnscgﬂf At aﬁ %%r&%%%ﬁ%so be
renoved apdadhaRidatatentiethe elteirs-actharigs. This thetisidrah b usoliregdrilessdt i ve woul d

be to provide an AC adapter with an attachnent to tBl?lee frame- mount ed
bat t er i eSViethes theipcirg-actiy areg perugies QE(S’P“%?‘ lepsdpgion ar pafy @ PSF“%RFror nal

thin-fil r[_l)@ﬁi}t(ﬁfei&%hé’:\fé‘éﬂﬁ&n% fbﬁacﬂﬁ%ing;{iﬁﬁét?du i AhRL Bfd BB Ry source is
al so possible whereby a ni'niature fuel” cell could be included’in the
spect acl ds to emafs indivigndunigivolnmas of cleetea-agtivetnaateripd. qaplwithghelr ewines. The
fuel cell .co . r e ] X | . \.pLects fuel
o o r et FRABECE Mool oTBlebricfq RS WL il BhECI 2,
that it iAnqgtesstebhmqico foi nchieviag t pigclaticc tusdsC phttaroste klectiededs fdrytheay of

utilizing an i.nventi ve, brid multi-qgrjd structure oach whi.ch
compr | sedonuctse pr mgallic My, srow gn theybsirafs lihoermphipallys lUBROYRY: tBgi on. |t
shoul d be1dRo0t ROBEE PG BS0R(ERE28 2 49 Sihohb o lRRR6andB: R@ehsstt . Whi | &

one can utilize a hybrid partial field nmulti-grid structure, a hybrid full
field nuldiffergpt dectti¢ figldsraating the pixglatipn A definegientirely by g patisraedot her

i nventi veapgiQach, whereby non-conventional refractive error such as
aberrations are corrected, a tracking systemis built into the eyewear,
such as [62BdFosprdvidb elesiricapaiver e thyy epizal sserbbliesga sofrcevaf eleatniditnr ogr anmi ng

of the electro- tive.evewear ,control [ nd/ or _one.or L.e ntroll er
conponentsg‘?h oﬁggtgeq’nlst%c\éualéglné&er (f-s%tjlr‘@eev i %rchaSQe [t)hreo%}?q:glé%ﬁe hi s
I nvent i vere siall]ieacd, thotedmplesasfibe fraies atel diigned tes bligw forddie Wasgrtivh t r acki ng
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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 batieries 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 spectacie 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




the eyewowsmsoait argeted el ectrically energi zed area weghrfisgRyR28Cr oss the
|l ens corresponding to one's line of sight directed through the

el ectro-active lens. This would be anifested in several differeg} Aﬁfﬁ
designs. For exanple, the user coul d® have a fixed power |ens, an 06
el ectro-active lens, or a hybrid of both types to correct for conventional
(sphere, cylinder, and prism refractive error. In this exanple, the

non- conventional refractive error would be corrected by way of the

el ect r o- apéinid out, WHIR Gk ¢6n HMIlEI2hyBRY Partial fidd MMt lerid stdlcrie! Hfﬁlw,ﬁ@ wher eby,
as the eye noves the corresponding activated region of the efectro-active

| ens woul Sillgld oplt-grid pEncsye can heutdizpdas Well-ds, the eye' s |ine-of - si ght

. correspongh 0 LS , ' | nt ersect e .l ens woul d nove
across t hgu?e lt'sn ﬁl@éﬁéﬁ?@ﬁ%ﬁgﬁé& tvﬁ%’%ﬂ engsﬂ{or%’\%tr?r%nn §é.§3f3§el§fr°f n the
above i nvewhiay ebarratiops @reicorradtal, b trabldng oystene it tailt ivkdaie eybeediuth agri d

el ectro-acgtive ructur. which is.incgrporated into or on the hybrid
el ectro- a@'tg?llféeds‘?&’é’?{%’ aé’&ﬁ“%%‘%?f eéfa@ﬁ‘rgts‘io 3G WA programming PPFhF@Il%‘“’SESi gn.

[0216] |t acivewhéwdae cBftrdlicthno/at obd bt indid nkbil& donRpbdtY SroBfHAGHitAENt Oone can
mnimze the electrical needs by way of only electrically energizing the
limited afleero-adivegyemsassprovidede his inventveyembadimertriptivtracks oneinding er ar ea

bei ng eneggy; . ol ' : LV
oot | pt DoBRiby wly bESRIE Pl Y MndiQhRE SORSIRE S8luButhlElie, | oo
cases but thacpecifi¢ area of thveclatroragtivelinobeiag lookad ¢toagtd In biter efoeadseas woul d

correct fgQr ional .refractive error, that | d get one to 20/20
vi si on co{rﬁF}ee ? ?#3’% d &%(eéeﬁp?l%c?nﬁ%‘gpﬁngfg'w&?aoﬁo\ﬁfduﬁ'gf'gﬁﬁrﬁfﬁ &ﬁleﬁ‘ﬁd
pr esbyopi eorrelpemditg 36230k HelofPEgHtiBR3IeH 2hRR B thed e AtlEadPRbend. aget ed and

tracked area.i.n this inventive enbodi ment would correct for as nuch
non- conveWP'i?lE}rPgl m"r"rlég"?tﬁgﬂ? Yeverdl dgferat lensdesigpse For gsample; the useraoyld ar

asti gmat | BaVe a BRA PoMek WS, anPdISku@CALkiRE Ie%k',r(;razp%lb‘?ird -Aﬁ%g{ QJPEJ &9&8@51 ties. In
other inventive enbodinments the targeted and tracke ea could correct
for al so 5genvestional(spbersi clinders andipriywa) tefraptiveservasr i thisf extalpleyrtiss/i ous

rent | oneChGrBAILARA <Al 45 AT bR P oS one o
nore conticBeftive wamigobeims of abyuNiegridostreitr evhezetiyangahd iepel aioveodas ed in the
Che oyevelFisbiips FuTiiEs HRERTE S et s i soli oo perm

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 erergized 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




[0217] +wiotg3eeeim only a partial electro-active region iscyishi/nes in certain
designs, the entire surface is covered with the electro-active nmaterial to

avoid a circular line visible to the user in the lens in the no ?ﬁé'v @Fd
state. In sone inventive enbodinenf® a transparent insul ator ig m%@ ed
to keep the electrical activation limted to the central area being
activated and the unactivated peripheral electro- active material is
utilized to keep the edge of the active region invisible. [0218] In another

ebodi Mo rpedbdiyfls tdill SO Rlibvedii\ @Y REEAMNP vBhIdAGHRE: 1o ob Ruchsur face of

t he frames; tage I's supplied to the wres and the optical grid by,
phot oel eabniconeifiendl wfractiyesemiri aghpossiblenthiab heingobraghlagrastiggatisih one

i nventive, enbodi nent, solar_arrays,are used,for pri p ...Wth the
m ni at ur EOHEHOD eagg m@%égﬁ%eea | DT HE‘?&&{?@@"%S I%g% ﬂpﬁg%\{/\t}eyf . Wen

el ect ri camboain®ints the BRictdicadathckdd @ededl® coret Ciiralddaoakabgamtibndm t he sol ar
cells during these tines in this, 6 enbodinent. An alternative allows for an

AC adapt eohrig vealk B prveral of thepagvieus; mentioped grppimeptssthis largep8 28l | n or der
to provi Qﬁc VAEd GRILR hRnRkiciRNtRed Witk R ddS@hnceldRtheRloRbllE; Afaldrve | enses

are switchable. At least two switch positions are provided,. however, nore
are prowinded mdre qemtdidr compaensatsshyrplagof eitheroairange findemlecated it - act i ve

| enses are_either,. r f . ln.t of f t . f ] ows :
t hr ough HEVER ¢ %@ﬁgﬁ?/%ﬁ %oev e‘.”%‘ﬁs’ag’p i% e?(%g‘lf%‘llego g}’ﬁ a@%&%ﬁ té:g, , and only
the fi xedyb®eus opbukla trasking systeheand dhinge finddrdysttm. t he case in a user
requirin correction, for..ex

field.dist . | e,. ' f
~ cour se, 3@7&%ﬁ°h§%?@5%;6%‘§£%?@@‘?%§ TeRiqn is pLiliz ’gﬁ’sg‘)“ﬁ gsrslggr @’%vi gi on or
I oul ti f oC i RRE0 90 BdvkrddChatYhe3 cikeRd dctive RhtefibiGi?Bfid ol @R%IRI1@RK or optic

whi ch corrects for distance vision as part of its construction, To provide
near vi sivégibleotor &et pess fmofher dangi ingther penagtivatedy sier I FEMEnInVeRtB®i di ng a

pr edet er g . g : hg. .| - .Ng a

st ve Calfints, 30Gabushe Mlulor YOLLRSEP td Rodel e ABSG £HGRIRNY, ©
correcti dimiteg thethe rcentyal are¢ahbaing astiviatedhandothe tuinactiveted pewipherel eldetch- The swit ch
coul d be ni.croprocessor ntrolled, or. nmapually user,gcontrolled. In fact;
there - dotYeragalds bilizei 6 keed he'ades oF thedlllys xopon WP C °l 1 anot her
enbodi merf0218} e aawihtr bmbsdiment) &lie dilmosolali Gl araysanad be fitaokédlesthe conti nuous
e s lohe Rammebemd Vel s SoppEet o the Sk S e SplaP Bid'y' Ve P

photoelectric effect using sunlight or ambient room lighting. In one inventive
embodiment, soiar 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




[ 0220] o avaodde the case that no fixed -1ens power is gRghisodizsbhre design,

and all vision correction is acconplished via the electro-active lens. In
this enbodinment, a voltage or array_of voltages is supplied to t3ge bﬁsm at
all times if both a distance and n vision correction is neede gy %

user. If only a distance correction or reading accomodation is needed by
the user, the electro-active | ens would be on when correction is needed
and off when no correction is needed. However, this is not always the

ot . ! . t O > o ot f
case. |n £ge %%popm%@aghﬁ%gsp?gg}ﬁcy%mn A Palt Wit UBREHRL0A. A N O

or down t tage wil ) I ncrease the power of the distance
and or rgravideireaowisiooreestecti@ for|reading ribe owdileh | would debodiprevidingthe switch

itself is_|located .on.the spectacle, lens frames and.is cQ t to a

contr ol | cpreiissC Rl o Reek 3 Beni 1B AR Mt of BRI P

cont ai nedpdwertif ¢hes¢legticaiiRe fass@iblies. Tha Sniddivld ebiradtion s fdesidd, & dhirdli f f er ent

- positions of the switch by re ating the voltages supplied fromthe power
source. ASvighdqositiopican HichgP e ahber s COpld: BeIAERRIPSSIE SPRRIEGy 85 ed above,

whi ch  di ghfdallyt @3r RO MR! {280 felbOcdil}@ KO BRREA L Allitinal DosilibRs control | er

may al so be of-an advanced design in the formof a thin filmand be

mount ed | inglededhdnpapther ymbodiment; dhe swisth 3s -euaiop mat digitah | asd providessur f ace of

the franes, .. y Y %Eg)@ ' - [ - and/ or one

or nore c%dﬁp%gﬁgé%n%%g%ﬁgnE&, k‘?@“’ffa T g%%% ’ésr%%‘?érﬁmgﬁ%‘“’g%%g hvvith

know edgelilafa tdhemeiemttobovasddicd correction requirenents, and allows the
switch between different arrays of e-determ.n vol t ages

user to - | p

VAt or ad WarOR Sy S e CaRR G B0 30RO WS 1b SPOCHRES deuAT B9 2508 59 31
/ AUG 2006 vikiefl ¢biredtitis acchRiphsttd 664 He-clsdidoV:Rti Py RIS 3h thidhnibdlingdnt, And/ or one
or nore controller conponents, is easily renpvabl e and/ or progranmabl e by

the visi oYPl"E":‘-a‘P &r FFItate tages éy supekiethiochaleng dbalt Bpratdeing drsence at ogr ammed
o el PERASELEE| 5 ooty Sh MG, B o @0 £ o1
that it ceaeowhedgiont isencedid by the vgepl the glactromntied keos voukd be s Wherns- i d | ess
a3 SRRl B L GR £5 AL, £ SHEAR, BB ABet e capi
~ change i nalfvagsithe kasagintvenhintelrbotiemaasdepeydifeustinghe Pink desigm tirhmgwehir er ' s
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near vision zones.

[6221] 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 voliages tailored for his or her individual vision




additiowosﬁ) tyre of this invention, a "lag tine" can g ppogssdmed into
the controller that would slow the transition. Conversely, a "lead tine"

could be programmed into the controller that woul d speed the tr S%@G?ﬂﬁﬁn
Sinmilarly, the transition could be¥nticipated by a predictive dl'g

[0224] In any event, the tinme constant of the transition can be set so that
It is proportional and/or responsive to the refractive change needed to
accomobdate the wearer's vision. For exanple, small changes in focusing
povier 0 Yeiftinci! Tl %konbBlitd Yyentlt LuibR 8/oF RAOGL mofe LARISAENT POVET,
such as a Wearer quickly noving ™ his gaze froma distant object to read
printed natogonedts, is easily rbmowble amd/wyquogramumblecsby thenvirien tirespgalisbd, say
10-100 m | liseconds. Thi§ ti.ne constant coul.d bhe adjustable,. .according to
the conf o e Wéjarrﬁliz.‘cefioﬁ'ﬂg T reprogramined, With @ g PreseIpHeN L v for t he
SWi tch t copBolldt vilRg fsPees Pbios cortdt@oh edquismehtd cRageher exenpl ary

enbodi nent, the switch is in a_separate_npdule, possibly in a pocket in

the user' B2231dons srgectafdhe sonralleyhased switruay Myt itrsamechangs s volaea d be
connect edydfod B arf REEHBGEER 1hd fr Fess Iaﬁuﬂa YhikRsQon8Pif theleldctBGkeivenOt her
version of ‘the swmtch. contains a sma .; mcrowave or radi o-frequency
shor t - r angBactive amatrix i1 manwfhdtuted Jromlg fastsiwiinbing megieniali it dgs posisiblshibpbsi tion to

a tiny regeiver antenn t ormabl y .on.t he .spect.ac frames. In

ot h o | e iteR Roigril iR e AR IRERE Y B B Y BEIRDbParkf £ e

co /nt rol Owiﬁbn.}m geﬂtl/&ﬁ ahnsittondfcdim vae forhl length o a:ﬁdt?erﬁﬁaﬂ‘lﬁ despsisle.and aiﬁ . WO

03/ 090611 pCT/ USQ3/ 12528 53. 31 AUG 2006 . [ Q226] .1 n various exenplary

~ enbodi nenqd%“lq‘f%l g“\ﬂf“lf 1P | WS, IVERHRn; Gallry t 5 IbEcPrB?aHm%ﬂdeW“Hé]Eeect or, such

L as a rang@nirbidh dr KR4LE [lowo SRt Bdnsificd. CHARRER, 4 MebASihiadBuidor: the
franme, in the lens, and/or on the |lens of the’spectacles, and pointing

forward Pregramenedhiate e gentrabich dhaseweuld vapged [t 2mpsifips, Siilarly, ghger specti ve

vi ew of | ' gﬁﬂgg . ro- active eyewear 2100. In
this ill @%@?ﬁ&gﬁ}égg%ﬁ%’”ﬁa 35%%%69%%1% aln electro-active |enses 2120

t hat - ar 0224iMecinydevient, theo timectdnngonpf te B4Btido canberset ke thad 5t s
(integrated ci.rcuit), and power source 2150. A ra finder transmtter 2160
" abt aceeeign pdpE RS BB Ie I8 ERLSE i At RS PRdEF Whce ver
2170 is awtaeRedsion. Fdrhratpleesmall ebdnges aCfdcMéing @owe? dafld beswihiddus

alternative fnbci]%i ments, transmtter . .
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
mounied 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.




2160 angipap/esescei ver 2170 can be attached to any el ect perTAShiAsg28 ens 2120,
attached to frame 2110, enbedded in |lens 2120, and/or enbedded in frane
2110. Further, range finder transm_tter 2160 and/or receiver 2170 &8¢
controlled by controller 2140 and/ oF a separate controller (not shown).
Simlarly, signals received by receiver 2170 can be processed by
controller 2140 and/or a separate controller (not shown). [0228] In any
event, this range finder is an active seeker and can utilize various
Sources GuiET BB vad s %iénpl%fﬂé]ﬁbc%&&ﬁt‘t 8 sl eSauibasicany costRE pywaves,

m crowaves, ~or ultrasonicinpulses to |ocate the object and determne its
di st ance a view datectore sisbdis maange findingrdevicg|located, foy esypplacia thedrams. 98 | aser

(VCSEL) i sed as. the |ight ransn t T ly Si:z€e at profile
of theseﬂi%leeﬁ?%l smﬁgﬁéentsh%%?% ?éé%tlfé\%o?gées iﬁgﬁdpp i@é@ﬁ@ﬁgg‘f%hanot her
enbodi menéwaré thewbfibiochd pegdtivedni tting di ode, or OLED, is used as the |ight
source far angefinder. The, advantage .of this deyvice is that OLEDs can
often _be'[%éﬁl% 115 h PESRREY VE T © %V%@WF?&P‘!‘H?B&P@WFC %hus, an
CQLED m ghtiReyvawbiref160. a8l 8is iaah v SQmplts Siaties 21 1 aa@h bREd-Beiveconcer n,
since it could be incorporated into the lens or frames wthout being
not i ceabllensey B22M theinargppmapeted thy corpseting oviresc2lie ta ventrelier eH8d si gnall
of f the ofj | s Rl-AC  DarO e L kPt t..of the |lens
frames ag%ke?gd&lerée'ggéldﬁt%qap \?%ryglﬁ%%:]g ?%T’I%P‘g?%é (b‘:ig&n%u?e .n‘é‘“r%@gel.s | n anot her
enbodi nenttachad 0 &g klectieadtive leas2 120 anflabmngafindbr treceaet 2170 Gudachedde as bot h
emtter angd detector, and.co ted to t 03/ 090611 PCT/ US03/ 12528 54
ST UG 2008 Sier pleols ARt R0 B van® Aoy SpPRCRIRS USRS | oot f 1 ber
 to the swibehidier eesiidrd170cah 86 aitafed o biiccib@RSadtivan®@s 2120 attetteal ess renot e
carried on oneself and _anal ¥zed to determ ne the correct switch setting ..

for that ®faEet2ldPsembedded m lens gl 20 andéar embpdded gy frage AP+ Bthsr. and
Swi tchin {%1?} {effsntiRY: moi-ﬁdﬁﬂrreée%rtﬁﬂgnz&?ﬁc con{nﬁﬁ%@]byl donfibRY! d be

appreci ate In certain situations, range finder "device nay have
di fficul 2440 sniloc i mepardte dontrallen &gt showm).t Bianibarkyc tsigpalicreceied &ys when t he
wear er - degicf ©3o1 ATONSS. TLOMLONGy LiRnel o 0CkRd % BBALRSTon bR (g32TP! €, the
SEFT P 3
range fihder fransmtter and range fiInder recei ver nay require extra head
novenent shywid)he wearer of the | enses before the | enses switch one vision
another. _Altern vel "fal se swt hciagql"ﬁﬁrzrg)(r occur when the

fce):]; ggt Is&ﬁ%‘%;ﬁ II:P ARY, event, @ilss rapge al%nlder 1syé11 active seeker an arious

sources such as: lasers, light emiiting 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




correctworesaenstial | y needed by the wearer to a vision cecrasii/es:d hat i s not
appropriate. For exanple, when the | enses switch the vision correction from
di stance correction to far-internedigte or near-internedi ate or PrAUGZ
correction, instead of switching td the distance correction whic

“the wearer actually required. [0231] Accordingly, in another exerrpl ary
enbodi nent, the range finder transmtter and range finder receiver nmay
selectively be covered with additional |lenses for <controlling the

transni t trashebemiputdrdt Thip ragkeCRkehy viahe vhifeds OptichE fiberadddthie Nevitchigept ance
cone accepted by the receiver. [0232] FIG 44a is an expl oded perspective
vi ew of &@n f‘éd?%“@dmp gnss frames or acF‘GFﬁlﬁsélrF’@Ptedﬁ&iqda%Qn?ﬁeﬁo"é‘fi in accord
Wt h anot | §-€ m" ”%QQE 0 tﬁ:ﬂef shown in
FI G 44a,aﬁs35/%%e{r% ém C‘gﬂ%u es rané"ﬁ. nd’eror e%%? t4420 I s coupl ed
to cont rmeartham;ng\mmbﬂer@nd switehimg mnuplledna@qmtngrat@hugﬁber 4460. FIG

44b is a ct Vi ew yst e 400 of FL.G 44a_.al.ong Z-Z' in
accord w[ﬁ#@g&tse%ﬁ%é)g 8?8&\% 1B %ﬂ‘i‘ts‘%ﬁ%‘ﬁ rrangie SEder JeviSy F g 44b,
range finkeliavealiffiealtd4wilchisg @@nfochiseagthiof rtbd glecttd-Bde ledsowhed tHeer 4424 and

range finder receiver 4428. In this exenplary enbodi nent, range finder

transmi t (PT Alosirey foymavesHamsong dism oicfeeys ranathen Hor exampissHeraige and
receiver gligedemsmitRs e&&}au\g@ Ei¥igeriBdetier n{med&%%xﬁbﬁeéd%mea{m{%{@ser di odes,
LEDs or other non-visible radiation sources, for exanple. In th

i || ust r atWeater eofbibidi lpmses before iberilenses swnczmonqsnsmenowm:;ttp\@lo;hemo 03/ 090611

cont rol - (RERERLay I8 EHE: naPRELR il e IGAMMER B EERSR"S, 17 oy,

recei ver cév@@ionnyctbalys abe’dbﬂl bgl the cor@mere do W tvhlsmxt enakstiong thaenis d4€t30 to
control the accept nce co Qﬁeq g recei ver 4428. 1t  shoul d--be
appr eci at’BRIOPHAE: ¢ Fe" 5% YIRS Sty fhe vision gemecHiop U9 i ncl udes

the sol i Qisai@gt ecopiéblionMid Chr- in'teﬂﬁ%dlﬁ@)’& BRR ARSIkt &e peanggrdclipgler devi ce
will be _able to reach receiver 4428 once they pass through ei ther a

recei vi nd“fit“éﬁs"f syitching dp they distagge copieationywhich évaédv}@it thegweaselcroually1 428, A
protecti \(.Q%I\Meadow may. shield the internal conponents of range finder

devi ce 4420, and nore specifically, the transmtter and receiver, fromthe
user's en@33dAesondinglshiiz anothar extmplaty ¢mgbedimentf tha carigefinger trimsmiiterer nal

conponentgy range finder receiver may selectively be covered with additional lenses for

controlling the transmitted beam width produced by the transmitter, and the
acéeptance cone accepied 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-7Z’ in
* accord with one embodiment of the present invention. As shown in FIG. 44b, range
finder device 4420 is comprised of range finder transinittér 4424 and range finder
receiver 4428." Tn 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




[ 0233] Ma3/0%8611Ss a side view of the range finder transgwtsess424 of FIG
44b in accord with one enbodi nent of the present invention. As shown in
FIG 45, transnission |lens 4426 haszﬁ sel ected divergent power ta|dizygniie
the beam B produced by transmtter 24 to a given pattern wwdth D for a
gi ven working distance L. Accordingly, the width of the beam produced by
transmtter 4424 is optimzed for given working distances for reading and
internedi ate vision, which mnimzes the need for extra head novenent,

whi | e avoicdiered with sensuikdionleng 4406 th@dbnislakd RgnsititedIRam wuaesdiNREY | ar ge.
[ 0234] FI 46 i s a%i%ge jer?/fof the range finder recejver 4428 of FIG 44b
in accor VWKL od Iyofeceiyer Arek ey Phvdpstively, comredhpith in FI G

46, receinividdRis 4330 &) B6iol fle/a R Lo abedpfikiChy Ik CAREHRO  Whi Ch

has slit aperture 4432 formed within it. The use recelving l'ens 4430
with slit ShQyd bepppraciged theb theagerpianch egia: of varg, phiteceiver 4428 andudest anti al | y

rect angul 1 al r . t I vi ew t hat |ld bhe d cted if
recei vi ng%fee%ldshﬁ %2 Q{l%%ﬂ]ﬁg%ttrggs %éi’é%ac ge‘g%é?ng&lgﬁér %Fﬂcet it %ﬁnbodi nent ,
recei vi ng ablente #dd0ricsivendd2s wate thegf pads Mhoagh Rlthers b GBcedin@lensORAGUE

mat eri al , thﬁtewoul d prevent receiver 4428 fromreceiving any reflected

beam wit AP &% Q5T OEYICH FOYEHBE EeEIVAT, 4338, gAMMPISEe Winkdew spast shigld 4432
- [0235] It tiehiudrahl RORRERS ioRtrithet fdfer WBGcARAYS, SIPRBITBIE; \éﬁ%%F 2430
g lens

transm ssion lens 4426 covering transmtter 4424 and rec_elcw
covering MaRERiGer andizeceives framy Beyuser’s envitgniners, vl netaaffetingrtherbodi nent s

that mani Blﬂcﬁ&ﬁoftﬁ@iﬂt&ﬂﬁlmh&fﬂs,m 031090611 PCT/ US03/ 12528 56 31 AUG 2006
beam of transmtter 4424 or "the acceptance cone of the receiver 4428 my be

' enpl oyed (BIBLFIGe5 sodside vieal ofethe winige Himigy transniter 4424 HEIGo@db g mance of
opti cal 4400, [ .exa ot her .met hods of restricting the

accept ancgycg(})(ﬁgal%r 9%1858?%@5?%%%%%?{6&% 1gyentigp. r‘géeﬁli‘(?g? Wn‘%{ﬁ]d’e‘ierrm oyi ng
ot her geotredsmissidd Jens Bi26 chasap eelbdted Hiveygdnt PohRr 36 Wit @ES thd BEHESE Of
devices restrictij n?@%t}gipgasﬂ%ﬁ‘ge of light rays onto receiver 4428. |t

shoul d beP%Hl a!b’b ey {0 B SV FareRswidtly j dox gegiven sogkingt er and
receiver Hista@ LONG¢cordAEly, MBYwiaddY fAald : be
provided in, a,ccordar]cgg W %(h th.el i nvent i g%fﬁ %?6%§§§§€§41%&§&?é35t one
further SFfBEPhERNgivemBorkingfisianeps| feneadingandsiottrnediste | asion, welkigh cover

: ﬁgej{ Y::}sﬁ%ﬂﬁéﬁ%ﬁ ﬂ:llece}%tgél Zﬁlgéé{tra gk h@ﬁér?fent,ivvhif’et a\Joﬁﬁr?é fa?sréesvsritléﬁitng %5,' n%{m odi ment,

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 patiern to a substantiaily rectangular field, rather than the fall
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, stich as an
opaqueé material, that wotld prévent receiver 4428 from receiving any reflected
beam, with the exception of those traveling throtigh slit aperture 4432.

[0235] k 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




used t owpald®estsivel y cover transmitter 4424 is optional pctshhesesxenpl ary
enbodi nents descri bed above, the need for additional head novenment, and the
occurrence of false switching, are bg%h m nim zed by increasing Bh@mmxmﬂ1
of the transmtted beam produced by“the range finder transmtter, and
optionally, rmanipulating howthe reflected beamis presented to the range
finder receiver. [0236] In another exenplary enbodi nent, the switch can be
controlled by a small but rapid novenent of the user's head. This would be

acconpl i sbegn Ry tianehitdi 1924 FAhY YecprRE 1306 OF Qhe r&déier 328 rhiy e

m cro-gyroscope or_m cro-accel eroneter in the tenple on the I'ens frames. A
smal |, r apglogethiafugiher pydaee faisetsmatchiagdonisuprave the gpgefprmanse ofioptiealgyro or

m cro-acc ARGE" S ] . [ t ' | 1 oned

posi tion g%ﬁ“?ngs,' %‘ﬂa%%aﬁ ﬂ%’ t&%ﬁ%@\g@é %&%ﬁlgﬁlﬁ glgt% F%)%“g’t%?@%ﬁ% (Zrnglgt o the
desired useivedtpatiern &0 thee xmeaiyke inciplenemiploginizi otheo eometeinaint shapedi t her t he

m cro- gyroscope_ot.m Ggro-accel eroneter, the controller . be programmed
to provid r%lg‘%eyaqagf% %él% Entf8s%: ﬁlgg?"l vrleg@"té‘?ﬁ {hﬁélasﬁaﬁﬁq’g%g? 74 field may
be interrogatecity 4428 lagigald bOARL &précified Al YPRIAP Msdsk oderciignge in

vision correction is required, Simlarly, follow ng a predeterm ned

i nt er val , UERSIREST; 19 regelver iontipngl et apihcorabinationpefdhe Abovederfomaybed, t he
range fingeyidde\h G8cdfBncb Sy . ' one
enbodi rren?f,%%qc ol I'ow %g tﬁ_e dlgjfeﬂg?ﬁg%%P rng(\s/IIerren %2’(’1 “‘52%&%?“% € Tange
finder de¢mbedimenfe thegrageivingnidas 4430 usel tmpelbatively omar oeceivad 28090611

PCT/ US03/ A 0 | not he xenpl ary. embqdi nent ,
. anot her wéw g‘é'?%lgﬁléflﬁqguag%agtso%%ﬁ@r %@f@‘ﬁ?ﬂt}h@?%@%ﬁf’%gf@a g%determ' ne
/ whet her t heduserselectivdyl dovet ittdngalitdoWM2401s Ugptiondl!  alnditieNex@fplLy above . or
bel ow a posgu.eertltgg}:esé\%ul d.be indicative of .soneone |ooking straight ahead

in the di ¥ siabave, dhe joeeq, Sor additenal ihepd mgverwtrapd thecl ude a
Mer cury SwéchfbnddtsmaRe sbvﬁtcﬁihg,_ £ HobtP i imiddady flcRS68s 6 Wid e dhbat

provi des power to the rangefinder, and/or the contrdller, only when the-
patient i %ansBeksdhdeup pProducpdwbyathsr sangee fimidere transykier, agnd) dptionally,

hor i zont ajpan; g]-ﬁ%)ﬁ&§ ' ' .Sl Qn _correction in

t he non- pigam%lrﬁilg st at efﬂgﬁﬁﬂ%{& dﬁ%ﬁfgg Qg%%“%%%}giﬁ%%a%g?ﬁn%ﬁé&ggﬁﬁe finder device
may be colff38juineother oxmpiary cambabdimins cthe tshvitcle carc be cemtadlied dy 4 ensll f rom

corr act  onyt ol b Rutf B Kb B Th S b b BRI ¢ e
pr edet er nanoéier 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 wéuld 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 moifement 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 change in vision correction is requu‘ed )
Similarly, following a predetermined interval, or :p-ériod' of time in which 1o 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.




angl e ay@¥shdoein hori zontal . Additionally, the | enses npyreas@ysan
additional requirenent that an object be sensed in the near or

i nternmedi ate di stance for sone predg%erm ned period of time before
switching occurred. The tilt switch 2buld also be used to set ajl ddibdllb

| evel -high that is then AND gated (in positive logic) with a |ogical |evel
set by the rangefinder that indicates whether an object is in the near or

i nternmedi ate di stance. [0238] FIGS. 47a-47c are side views of a wearer of
an opti caji2BAnk ShGh&MeActpdE$ Wnkbodihdnb, £{¥ehe? HOY dBMorOkudphss B g Nt

I nvention. As shown in_FlI 47a, the wearer of an optical |ens system may
adj ust hi §W’ﬁfélaalar/rb6r?mﬂbwséé¢mfl%wmmeahethm\mt!seneémdxsndteddngneor(@ p), and

from hori t ovv'

i1 lustrat gt(s)Qt - aﬁl er W t \Qﬁ t% %&;oéiu%é flfé?g’é' Sﬂc\%\% F%uvea% So\%elpﬂe head tilt
angl e (Olmkin,g sn)ughFﬂ@addﬂ thei distasser doe sxathpleyapiikstrattviehilhswitdhemay ti | t ed up
at the up t| I t one xerrpl ary. enbodi nent, the
tilt sw t)(g% u%a 5%"’%}’%4 %fethgé?ﬂﬁﬁ’?lc{ @‘“t @sep &r’?&@mf ﬁ’t‘l&l@i"v@é@l ce, or
the cont rpnbdvarto tmrahgéfha):leﬁo/@ﬁdrofﬂx@ CORRGIRE, Snly) GAEn HEYRRnLR 188ki from the
hori zont al ‘51 about 5 to 15 degrees fromthe hori zont al position, and

pref er abl §£ fipredeferpaigedangly away frem arhorizowal As lensdsmayrbe desigoe® furt her
nbodi
B

down fromthe horizontal by a rom Y ont al
posi t i on, the gargedinsee dewiteymayp bo gonfifirdltyr epesaté amdrswiteh therelaaotaativeosi ti on.

WO 03/090 1 8 58 31 A 239] It should be appreciated
that the g%%vfg)%escr |(“/b gérg i e P én%?tBy{S %tﬁs} peal 5 deanediae Eg

i opt i mi zedcdrstioh)ovhen hise me’dslemlsd‘md dewnWirdid? @pWaal &'the pRlcte@XAsP! €, the

wear er hoose .t o haye the e of devi atlon fromthe horizontal

posi tion %@%‘JPV% frog E‘P’B@é‘“‘\lh Q’-"@Hy othe rlgnses r’iﬂ%@nﬂﬁﬂmﬂdadﬂmmbmwar d

di r ect i on@quirchhuas that b ob {6e§éh§ecr£nhﬁe&l9:¥¥86rqn{ekdnéd1£t9c??%8? §‘o M tch may
be equal to_angle for ownward tilt, or: they -coul Fér Trom each

ot her by RedeisElinedenpried of tmechefore swiithipg Oﬂzdwem (The $ili sveitchreayldadlso be

optim zedy I Lvate the a0 ef. nder (or
provi de poea'yesf Httg\é%tdderbglélggélf}ill%%}eﬁgyi g\t}%{g %gtteﬁém RBHHY PP&? 2 bot h) when
t he wear degicell level H¢t§JYHéamngnfmd¢eﬂIabmdmted whiethee b objectois in &letxﬁ;ﬁﬂ@ﬁ ively,

only wheny, fepﬂneqﬁﬁ@r JIts his .head in the upward direction. This latter
case i s un Y, S|nce everyone typically tilts their head down slightly
to read. [0238] FIGS. 47a-47¢ 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 Iens system may adjﬁst his head from horizontal to an upward head tilt
angle (8,p), and from horizontal to a downward head tilt angle (Qgown). FIG. 47b
illustrates the wearer with his. head tilted down at the downward head tilt angle
(Bgown). FIG. 47¢ illustrates the wearer with his head tilted up at the upward head tilt
angle (8yp). In one exemplary embodiment, the tilt switch may close (and provide
power to the range finder device, or the controllér, or b6ih)' when the wearer’s head
moves up or down from the horizontal by about 5615 degiees 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.




[ 0240] Wwo @pedsaer exenpl ary enbodi ment, the system uti lpiczAgesuzbt8 t switch
to determne the angle of tilt of the wearer's head. The angle of tilt,

ei ther downward or upward, may be sgnt to the controller which ﬁgtmﬁr’%ﬁﬁes
whether the tilt is greater than a5§redet erm ned angle. Thus, t

controller could selectively power the range finder device upon the tilt
crossing the tilt threshold associated with the tilt switch. Simlarly, in
further embodi ments, a mcro-gyroscope or mcro-accel eroneter could be
enpl oyed joBad 16 k1@ be ARk (R thEXBOR-fosordbdd GHRSBERS PPy m cro-
accel eroneter may produ an output that the controller d use to
det er ni netilt lswitches Ihayi bmoptimized begsd roar the que@dor dasirendf thet wemsther F9o t he range
finder deyjice cC Y! q1odigEent uses a
conbi natldrr?mc? %c‘?%agéfr[g cohﬁégezé 6%6&%86 E{&%E@ﬁ eh 'S gﬁ d| ment ,

the m cr ogsitivg ae@eredso kldsk Itli’fedmfdhrdaffasinl the ulperarﬁ mgdcamdavatdsinrad:udnsnct i ons

bel ow the 180 so al%oé) react éo one' s hea t. Thus when .one' s head

dt
tilts, thEus BedRg Shsourveard diltitocglgse etsguttc Wobr P &3 e ¥ating t he

degree-" nRafvard | fit, WP'&Ey'émM‘edlffEPrH&ﬁt g4thl R DT aReRY ddedsi Ng powver,
depending on the severity of the tilt. The manual switch, which can be

renot e, iAddiienallyf e tidfvevitchdnaypalshbe ﬁPtéﬁ@g@' bbﬂ peoyding dhat devenld o0l sual

functions e 03/090611
pCTi Uso 158 06 YREGHIE oy B R 0lE) fldg? hef UL Dby WP

enbodi nmentontrallerp wbboth) when dhe weamngis |hmmadamd‘ha dowinerol dirasionper i s
utilized. ,The .m.cr e is ilized f near .vi.si on, .and ather vision
~ functi onsAisERGYEY H %ﬁ’%gg avefiﬁ’éléﬁtﬁhﬁé‘f: ePgwﬁ“géi&re?tb?n vﬂgwf' g di stances
i+ whi ch ar ecaadpvwalikdlg, shi¥e eddtfloy 1@m;amwtawmddio%agmg§ﬂpfu redd)r exanple, four
feet or less. In further enbodinments, a range finder device may be used in

conbi nat i WA40Mpt ﬁwabemxiem@mcqm odiragnb,. B ditiizesyiac HE - S| 1 oneter. to
det er m negaphieh tILbeﬂ'lC%H? Eﬁ%rfrtlﬂi @Eﬁrérvsehéaﬁ.n%e%ﬂgféldft@@eﬁ&r%%@ard n these

enbodi rrents use | ogi c for .each of the
i nt egr at eer me maAythe, sestag hhia@ntrnaertwmﬁh éwmhes whetheydbo il igreater

accel ero h e der
devi ce nun@%u?o é{i‘%’{‘a"':r‘la’p%ll}'nng\)iv'?égevtIvlJh ﬁ% %gwcléer ((bB‘E;H ?etéé%&mel&%“re? a{l occur, for
exanpl e. {Mﬂﬂi:w&sum thé h&romﬁsmgeh& ot threshobd asabeisted twith the uﬂtamgtehf i nder

design to

uan(ﬂ LiStm fur%her embodiments, a micro-gyroscope or micro-accelerometer could
be employed in a similar fashion. For example, a2 micro-gyroscope or Inicro-
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 émbodiment, the microgyfoscope 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 nncrogyroscopc sends a s1gna1 to the controller indicating
the degree of 'head tilt, Which i i§ then Convertéd into increased focusmg 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.




f ocusi nGoRYWRE110f the el ectro-active assenbly, anotherpeypsmliaéy enbodi ment
utilizes an eye-tracker to neasure inter-pupillary distance and detect the
viewi ng distance. As the eyes focus on distant or near object s\,N&t hiﬁ
~distance changes as the pupils conf®rge or diverge. At least t I AU 2006
light-emtting diodes and at |east two adjacent photo-sensors to detect
reflected light fromthe diodes off the eye are placed on the inside franme
near the nose bridge. This system can sense the position of the edge of

t he pupi l St 40 o = . | y di stance
to. cal cOT 2L PR SR BTN ErbolBo it of FL e AUl by o T
certai n entogynsops is utilizved The mivegyoscope lis yiltzed frtneanysidh cadsthend phot o

sensors are used.to.trac enment 0244] ..t shoul d..oe appreci ated
that, in % ﬁggtlo&%)& |Wn§3_f‘?te'_>s%,%_’ %ﬁ?ﬁﬁgﬁﬁk’bﬁ_ "lﬂl:d (IR %‘ﬂtgn chani sms
descri beeyhir £é Bbovelthe MBOTRH 4Fe 4€ a fvidwify Siktdned bf) Gordexdnls; €6 fvg orvear er
novenents to_initiate swtching, nmay be conbined in any fashion as desired

to meet #o§e Awduthesembpdiments, pdange findes devicy mayba iR @mbingEioppt j cal | ens
system ilt &R¥chOhni _ ' . higvel S . L 0OniAE ' may be
cust om ng}ltﬁtbénl* t hf'ﬁlé&%gﬁ@géﬁ?rr n%\lgg%éggfogﬁgrﬁﬁ&user } GJP%%E% In addition
t o vi si oslectoo-aetivei loms,; shohld ke switched.adh ithese regfbodimentse thntonitvollemmagil so  be
used to giVv . cl ens.an _electro-chromc tint..By. l.ying an

appr opr | 30 BB Iy 38 Sochclh R s e b s uf PR o an
apprgpr! gyms@;@l; qaeicwmah Fefer,lw%h&hﬁcuﬁél‘ Iﬁlré@jtem?]ntalh_hﬂﬁbﬁgesﬁﬁ@_ rass effect
can be inparted to_the lens, which alternates the |ight transnjssion

~ somewhat ﬁB‘f’Fﬁ JU5h PRI PRRY VAGHIRS rdé%?%éobel%?lﬁh‘%w‘?:ﬁ{“gn opid B‘F%g}oé "sungl ass"
i effect tegddigel ens for the confort of the user in bright, outdoor
environment. Liquid crystal conpositions and gel polynmers with high

pol ari zali§343] psian Atempiyrsto the raanuabyvifabdoretapgs fipderfdesiizd teadijusiihet
attracti : | [ L on.: n ' Y ments, this
i nventi ox&#glggbéedwtﬁeﬁp@h cﬁgéglgf#gﬁé%%%}l ] er?r‘i%réa’l{g éﬁ%a%%%% may be '
Si zeabl euthzeagin ¢yo-teackerctd méasuienileec-papillaryeflisantd amd détetthibe elieringo- acti ve

| ayer. The a correction factor to all of the.s lie vol tages to the
or 7 assdieeS ATE R R0 O ek B Bos pbiestse BB SR 18  of Tect -
m ni at ur gupilsecotiveigeror dibaEE0A0IRLE twd Night-BiRltite ddeatadd et 38’8 @fonounted in

or on the. |l ens and/or frage and_connected to the power source senses
changes 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 eachreye and convert thé 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] 1t should be appreciated that, in further embodiments, any combination of the
various mechanisms described herein, which minimize false switching and excessive
wearer movements 10 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




t enpePR $¥W61the control | er converts these readi ngs i nFeTA8MYHGE changes
needed to conpensate for the change in refractive index of the _
el ectro-active material. [0247] Howgyer, in certain enbodi ments el¥cEypms
circuitry is actually built into or on the lens surface for the purpose of
i ncreasing the tenperature of the electro-active refractive matrix or

| ayers. This is done to further reduce the refractive index of the

el ectro-active layers thus nmaxi m zing | ens power-changes. |ncreased

t enper aylffde t6 an aﬁﬁo?ﬁité igglesbl pinther ligMid brystal iyer)@ltintwolstaglassieffeceases t hus
giving additional flexibility in being able _to control and change the |ens
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ar ea. T02de6] Iheompe\inventiva retehodhenth), this irlventidre dnaynbé lweed anpbaasionsi || be
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of the tenples each contain an electrical ‘power source (battery, fuel

cel |, etemperamig. The comeollsr sphyerisdheseagadings nee yaliege dhanges naeded fxed portion

of the | r cha 1a]| for exanple; by
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. gel?
user 1 n pocket or purs or t pur pose.
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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 controi the temperature which has been deliberately applied.

[0248] In the case of either a partial or full field grid array of individeally 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.




[ 0250VO 0K MRy cases, the wearer will require sphericdICHEHPEEEon for

di stance, near, and/or near or far internediate vision. This allows a
variation of the fully interconneged grid array |ens, which taB@%MGZBB
advant age of the spherical symetry of the required corrective optic. Qn
this case, a special geonetrically shaped grid consisting of concentric
rings of electro-active regions may conprise either the partial region or
full field lens. The rings may be circular or non-circular such as, for

exanpl ef02a9] intfonerémbadiingnts @f ftheginvantion) txespeetcles maychave osalssbatit i al |y t he
nunber of Trequired el ectro-active regions that nulst be%se alrat@lay
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correction, and the. cqoncentri¢ ring electrg-actiye reﬁracﬁiv matri x may
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f | exi bi pting the electro-active Tocusing to the wearer's needs.
Bec aus eredfovableetemiples Ldra rrecimingeablemfet examplenby miacing lim mnpertahdh dsCcan be

peoal lovable . | £33 Roswes ean o
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2006 4000 zones; a need to cover a circular partial region area of 35
mi | | i meteenpdesd nmyebe rconn¢died) ite| the spettades $ptplevise eddinuons,sloggitenmet ers. On

of 1 ho AN of ipe R ik R rusBE i o R BRL oG ecion RRRER U C 1\ "S5

t or oi dajnag®eRamiedbyahe ﬁse&ﬁdg@kegomﬁswoﬁmgpu@@aal exity. Conversely, the
pi xel pitch (and résolution) can be decreased to only 0.1 mllimeters and

only i nH288%in meey pasebdhe Braes Wl requirg spherigal eemection for distance, §¥fe  gr eat er
[ es0l Ut 0o Tkl 3, 20 udiibalale? B3I CThiY BG5S a8 %8¢ dO'mpie wear er,
since tfAe Padfal “Ehange in R AEY Ve Thdex TTom Fone to zohe |'s snoot her
and nor pitergbdidort .gridf areyuless; whith sakde advpmtagesifrthe sphanivel $yonmetry ofi si on
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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 conventionat 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.. = . .. o 0 cRe
[0251] This conceantric 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




wher eWO03{08061keded. For exanple, if the design calls fRYVBRBEE5%R appi ng,
I.e., taking advantage of the periodicity of |ight waves to acgi el\‘/lja
greater focusing power with nmaterighs of limted refractive in dxAUb 2006
variation, one can design an array with narrower rings at the periphery
and wider rings at the center of the circular partial region of the

el ectro-active area. This judicious use of each toroidal pixel yields the
greatest focusing power obtainable for the nunmber of zones utilized while
M ni m z4go kéiRs; Bhésdsorgveald cedulgrpastilredion heearof 8Sahidliineterssiismetos t hat
enpl oy phase-w apping. [0253] | n another enpodinent of this invention, it
may be MmaPﬁ%B’g@I?f%ﬁ%lo-ét%ﬂlﬁﬂ?tPﬁnQPt & Athef dtﬁ‘éa&i’iﬂ-v?f’w‘d f ocus
regi on =Toll | HilhiS ; g a

part i al ik dford St b Bod REHHE, S Yl om0 HILRREE SIETROCHAET, 2
boundar yhicknesd)e well eedquire aotlyv85r tyoidal zonexr gesatly oreduciogpthiesiwitihg s, t he

I nvention woul d be programred to ve, reqi ong of -l ess power for. near vision
in the cp@plegiE (onyerse e%@%?lr%t-cg' ﬁ%&gﬁ?‘éﬁ?ﬂpﬁﬁ?c@ ?8‘,’1%@0 sider a
hybrid %’Bﬂﬁﬁ i b | ' Hal b@hn ragsaghe ve region,
where the |é>3ée% a?‘%c‘g"w%cg%g‘%ﬁiﬁ@%%ﬁﬁ’gﬁﬁgﬂugﬁg ancgét?gtPrlection, and the
el ect r o-geatdr wesoleimonf freovonds snay traislie iatddgieaier comfars hyniiecweases ect i on.

| nst ead of i nt.ai nj ng t.his. power. all_the out.to the periphery of the

el ect r o SHES E’%‘}e“fi@% FJB?P%eéﬁﬁ VE O ‘Pmrzé’ﬂ%’,\%‘xgoﬁls SHPRRLS '_a',lé gg’&ﬁ

cont ai NigAgSe\S dursd] 4hid SR CreSiRE! it &F bhlyevisioh Cifetiiéns Whithz@BeS, WO

03/ 0906F1 PCT1US03/ 12528 6331 AUG 2006 would be progranmmed to have

~decr easisphprppelwematire] ar ger di aneters. For exanple, during activation one

) enbodi L.ght hav central 26 dianeter. circle. of +2 dd power,
with anﬁﬁés&ﬁg&sﬂ%‘?&%&%{l n@ﬁ‘ﬁ’d’ o m%ctcggg@%ﬂ?n%’ggadﬁgﬁggrca\% tﬁ&%g 00 add

pover, JEEkARs of Wi tstaidabangs 6 tagneiplatef the Brefedt Gesblution & eBhdinswi th +1.5

add power, - surrounded by a toroidal band extending from 32 to 35 mm

di amet erwhgre it is neqied gBorxample, Thibe designiglisdgr phaserdaapRing.d-cot8i8i ng sone

users ] | )} Weal ' ' . Lbizi ng an
opht hal st o ReABRARY ot BB A SOULRIE Srodd il Gl with? 19, ©
one- hal fm#éridlhef lireired fefracfivs indes vatationy owvéanglesibpanaxiayetitl npardwes 3 i nto
above the md-line and 6 to,7 nmbelow the m.d-1i.ne_for jnternediate

i ot ancamEs b HerRFTRAR! MG TSR SRR Al e EAteR OF (ecifeulas Faskal TE8IPD Mot ance
Vi ew ng.gnd AR 4ok I TS jEfi6hCd OF ddof 16i0RIADBRAYidlA e @Bitedi 0T

di stances fromthe eye an

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 régioh to the near vision focus regmn 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,




need WO OB8%68t rected differently. An object's di stanc@GTHA®EMBeing vi ened
Is directly related to the specific aberration correction needed.
Therefore, an aberration created fgzomthe eye's optical system wjl gu?mg
approximately the sane correction for all far distances, approximately the
sanme correction for all far-internmedi ate di stances, approximately the sanme
correction for all near-internedi ate di stances, and approximately the sane
correction for all near point distances. Therefore, the invention allows
for thegwguigder ﬁto%ﬁkdﬂ(éd Rohdvetdeentsiog poiver behsger dianetersc For exanaple,
aberrations of the eye, in_three or four sectaLﬁgs of .the |ens stance

sect i onduringractiveden gee cuwedimsnt might-haye aernfy ,m’ﬁ‘sdlﬁﬁﬁwgéﬁch()o rying to

adj ust | - ' L= 0y - Gkl ; ye's line

o o1 grit> R ud B o L YSpIT Bail] pabfigh 956 29 ARt Maeye 0

enbodi nenpO efid powet, aabther esitlalcband rxteddDG. fromi201td 32| ramsdi2@e®r avith def i ned

various regions proving different ref. %ct lve orrecti 335 ggl ow md-|ine

B- B, se‘bbﬁa@ddnéawerdi%lffaﬁE@chYr‘aeE?rPWI-F‘B‘%ie&f?g 15°Ghd< ©29¢ BEch having a

differe -1 R < SHL sl iBingl SR R at e

di st anc%hta?:%%g@ﬁ tiéﬁragg\iﬁ%ﬁweﬁgglg% & 1g‘ﬁou h Oéﬁé&ﬁ t]&g?ﬁégglrngdi stance

cor r ect with anegrie phens@? Wdaringl eR®FRnes. ¢ - shown, any number of near distance

correctiv gi ons, can be ovi.ded. Simlarly, an unber i.nt er medi ate

di stanc@zgﬂ]r i‘%Fﬁlm}ge@‘? BHEtBE]&HcﬁBe‘ﬁ?‘gﬁ?]’éo‘?g A@ﬁﬁ?ﬁa‘% @Bﬁeﬁgﬁﬁf ) a far

di stanc &g&ﬁ@éwﬁah@ﬂi&%@m PR HQRNE WieRiah. USPRsxinardy 8403l AUG 2006
e

are pro . Regions 2210, 2220, and 2230 can be activated in a progranmed
sequencemiraboverthe middime and Ghor7 mor badewrthe enid-dine ifor niermgdiate $8taBEF manner

simlar to. a conventjonal. tri-focal. Wen |ooking f.r far to near, or
from_neﬁ’rewfllg‘fnéf&"fp ﬁg?mﬁwo‘é’ eﬁ’é'ﬁn%/\ﬁoéqua@gtﬁn%éﬁe bcus, by smoot hi ng
the trapst) AbeRali¥RUeatdiEin tNOEyOApeirlifibreneg distamts from thaeyeusd r egi ons.
Ther eby, the phenonenon of "image junp" is relieved or greatly reduced.

[0257] hersge bewepreeted differershi. iAnoRigCts disiracs thatd4s being i is direstnes may
't ti | ’ e *
Cone. " APAE o BF pSRE R R EoA a8 Tyl B il tpun) o7 79

enbodi nhoin thEeves optital systdrl Still abad approxiivetdly theamatiewmrreetiomforpllaiaed wi t hin a
fixed distance opti¢ 5340.. A near vision zope.5320 is.blended into a zone

5330, WHISEHCHmRRBFRNTEL di same comeeipmhier flsfasrntermpdipts distpBETat o
correct Lal oAy N ihe®aed cBERIn"For P wébLShtermediate distances, and

approximately the same correction for all near point distances. Therefore, the

invention allows for the electro-active adjustment of the lens to comrect certain
aberrations of the eye, in three or four sections of the lens (distance section,
intermediate section and near section), as opposed to trying fo 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




The - WO zone 5420 may be an el ectro-active zone DYVERY Wath, but is
preferably about 6mm wi de or |ess. The bl ending zone 5420 may hide or nask
di scontinuity between zones and reggce i mage junp by providing a %nhouiHils
transition as the patient's |line of sight passes out of one vision
correction zone into another. Another blending zone 5430 may be present
bet ween the zone 5330 and the distance vision zone 5340. Bl endi ng zone
5430 may be of any width, but is preferably 10 mmw de or less. In any

bl endi nge ZARaded. IRegidmsratiiog 2220\eandoP230 ban &e ddtivetd ibl 2 PoBAMBSLi cal power

reduction, or a blend that is_represented by a polynom al .o ponenti al
funct i cwquende SrABeR FRFAVS DRISF fore %mﬁ’gaf’r hay gtﬁ@% PB'qf%WcﬂIg{l%ﬁér

];lg)r/- It P Eaaﬁé(i”n'?'gi ﬁ&f‘d Rfbcal, Wrien %‘ﬁ‘?‘gﬁ] Frofl B haNGEUSY Stom! e b gadille  zone 5420

rom near power near-intermediate or far internediate
power . 4an0egHaoBélpehe Svasnatseeyehfocng by sirmothing dhe tiagsition jbetwess the ¢ he

absence of a_ near-internediate or far;jnterngdigte zone. th he bl endi ng

zone S4@oionjocah lenghscotthe VAHOPS FagHRnS; Fﬁ?ﬁﬁeﬁg’a © %DBWCB%%g ﬁga i stance

Vi si on : iBvdisit ﬁgt}g&{j pggnts, bhlending zone.5430 may pr.ovide a
Jﬁ%\lﬁaﬁsrrgirhgv Htérmed a

transit near te or far-internediate power to distance
power . [0R8PBEnaBeoighp t el pligiohtiBBHy0 hetwediowisipm FOIGCUSR E£E8NGSe MY ed

relative to the . electro-active zones, the |ens.. . I tioned such that

pupi | | dteERativelyobie Wﬂ@\@{%&%g‘b‘%ﬁ %?‘Pﬁz‘?f?ﬁ%ggybé%%é‘?gozﬁﬁz vari ous

ot her IfHbdiRSRES shéwn ¢4 $BGI §4.2CTHevEx ahbédigentestovas descri bed

el sevmg%gﬁﬁgr }@n. [OZ%E]EFI G 23 is a front veimélf/]vﬁgf an enbf%%iﬂge t of
d

anot her here dbistrates an ielestrb-andvenzgivn plaged within afixed shgangeopHe ari ous

v regions provi.ng diff ni fractiv [ [ jd-line CC a
singl e rwﬂf’gtzf?ﬂ‘c‘feggg’r’lse@??@ Pé%?doﬁ %fggé’s%gct]}r rﬁlghg}géggh%yh%a?si ngl e

i Nt er meghhRdRictisda SiE Mt atddiae coegition ot th, odepu dlendikg zove 54C0C, i s

| ocated a single far distance corrective region 2330. [0260] .FIG 24 is a

front vibehinding eate dHARmaY beanan Slesse-artie 290, A5 A0, Wil OB 85 act i ve

ens 240051 Bl 885, $800PIEs IfEIIEh S BHE 1201 AP e oD

di f f er eRF I've corrections. near di starnce corrective region
2410 i sdissetitinity destwban @onénghé sedber mmdgatjomp byapuwiding racmopdh r egi on
2420, \Amu:?s?tignsas t%g rpraggxﬁ%eﬁinebgf s?ghst ipggsleg o];ﬁ:fjl of gxilcs %%Po%eco%?erc i Ezcin\{eeinrtg gi on 2430.
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




[ 0261 V386G | 5 3 side view of an enbodi nent of anotﬁ%?mﬁ?séu?zro active
Iens 2500. Lens 2500 includes a conventional lens optic 2510 to which
several full field electro-activeggegions 2520, 2530, 2540, and3P3H0Q e
attached, each separated from the adjacent regions by insulating | ayers
2525, 2535, and 2545. [0262] FIG 26 is a side view of an enbodi nent of
anot her el ectro-active |l ens 2600. Lens 2600 includes a conventional |ens
~optic 2610 to which several partial field electro-active regions 2620,

2630, 2(¢Hdus aiher ABRAerd MAttRtcspen sl cleeaoaciapasmisad the tams asWesardiedcent
regions by insulating |ayers 2625, 2635, and 2645. Fram ng regi on 2660
surrourﬂjhsﬁvéiemi!qf@nactlve regi ons 2620, 2630, 2640, and 2650. [0263]

Ret ur ni §9ediGert) %3 i RHACVIGN of b ek ke it YR RG I QirdCcliVeIch 3gs, an

el ectr correc refractive error can be fabricated

- using ayWidie qbsO-28001 \uee defined Cvaneusmaegions apfosingn differest gefredivepol ymer, or
pl astic substrate lens which is .inprinted~ or etched with 1,??fﬂi'rffractive
pat t er reorpronsy Belare mid-ling LSy s tipgl heap fistangs | COFFeRe 19810y Betive

I npri nt u&o“g(%erde@{ LY #o aC%&ﬁﬁtegs&&o&BSrr@éth%trﬁgoﬁ%m’%bdﬁtﬂﬁﬁqﬁi@ Thus, one

surface tive refractive nmatri is also a diffractive
pat t er nCuhiiclochted hisinghe far distanoagarative begiom233e | ens substrate surface.

Al uayt E»Eﬁme (Rt e S om, mpedigent B ancarypan Gt Sph,” '
correct Lo difve 1BAC 3400 313{&9%13@ P oS08 AR5 Breford lproWGiR006
e ectro-act

refractlon 0 ive refractive matrix inits unactivated state
i s near diffetere méfracsive tapriehtionsofA singls abat distapce enmectiviei sesianf 2eHbice shoul d

' be 0.05 ind t | Ihus,.. when th
umact i vakEHnted By pdigie iBron il gset creo i RSk 2P0 P8 B T have
the sang{dad§ed Oyagdglin t&qaﬂdlglfaﬁég:édd&uﬁéﬁégﬁﬁm4m power | ess, and provides no

correction (0.0 iopter). In this state, the power of the substrate I|ens

is the wylmrzéas.a\sgdepgmo ap@mmnfm@h@w@q%a%ﬁ%?@ﬁ active
mat ri x a | h e LIVRuIP of the
di ffrac Sé)daq/ ?‘gdeﬁeconﬁgeq’g iﬁt ‘If’e\ﬁ}g cﬁyg the Os (E%Yrat eéfér or exanpl e,
i f the gubsd-saaive rb%ﬁﬁs b5e0, 2530\#5400dnd 5 Bre atspthed,, eaahdepdnateélfm ro-active
diffractive_ |layer has a power when actiyv tegg(i)@%. 00 diopter, the total
power oﬂletqd‘@ccrgu@@pn%b}é@ﬁﬂagng @H%mgégéﬂ% 0 diopter. In this way,
the el n@fzr ﬂﬁ 2S5 view!df? embdﬂﬁé{t of lafbiBr QbciffadvRdend F600k her
enbodi nent e ectro- actlve refractive

Lens 2600 mcludes 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
imprifited” or -etched ‘with ‘a diffractive paitern. 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 matxix 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




mat ri WOI0/0886a1 act i vated state may be index matched to PHREUPLHSSHhti c.

[ 0266] Through the use of stacked el ectro-active regions, nultiple zones
for viewing correction may be avaiggabl e sinultaneously. FIG 55 s LB G
exenpl ary enbodi nent of an electro-active lens with two el ectro-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 nore stacked el ectro- active regions, with different

Vi ew Ng.fOLIHCH AR slBctdlfctRRNREabPR0matk §H38 unietﬁymmﬂ ugtw;somam ch

el ectro-active regions are activated,_ as further I.bed belom1 [0267]

| n soneidemtivatitavehat of thef mbstmte mmweﬁme(fhoe’ér%@ﬁ dwf
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nea[ - ”:f g%ﬂ-&h% mbhPha\e tROfdn@Sindex) antlthe diffeactive patiem ispowesléssf or
particu

effective far' viewi ng _correction. Gener(g){% th S di st ances
may be dﬂdopuoaidommOEcoi'@e&wIt .00 dinpterk Indhis statpoBIsgIones %ﬁ'l‘%%? %enbodi nent
of an eJectr tive S h stacked el ectro- active regi.ons i s shown in
FIG 55 ns*_séﬁ @36@“5% tgl?yeél ectro-active regions. Each region may

provi degg2gsy Wenttﬁ@eﬁaid-ﬁaivemmuﬁmamas ammem]mtsmdeacﬂnamges, #gl shown in
FI G 55a one region be smaller in area t a&lthe ot h th wever both WO
03/ OQOGmEIMUUs@QWPQQ’Q e gliffraction jpattesm Becamey; a9ALIVE 4o e 3‘8? & sane si ze.

iner, Dokl EGRGHSTE 8BS o o oot ks sttt o

them n Ion may I f the individual views
t hr oughdigRhotivengyer &gs a @omewhem ad:taratm!chfamaﬂ& dioptert ﬁ'ng totelegowsr of ghesent .

e et ‘éﬁl;leggé’ﬁiﬁ“g’ly by 38 o1 36 et B0 vl BR' SOhP iRl 2° ThC°
entire ehaed £ nr'ens 1&3 of réAlfiE ﬂ@é@@&m@é&ﬁ%ﬁ@ﬁéb&c&ﬁ%ﬂ#ﬂﬁﬁ&ﬁ% an

el ectro-active aving afar- intermediate vision correction zone is
shown i makixdn thé betivataisst4is 0By e dndexanaighesd tofbelens @ptiect i on regi on 5560 and

ol oct 1 o180 yBroneh Y Pt sl GECIB S B rRBn g Mfltipledopestr Al ™ © 1 o
regi on aaRLtdRY nityOo vk dgvadbteokintill@nasidly. | OFIGO\SS shewslesh texemiplaryde near

view ng correction. The bal ance nay be SP' it equal I%/ bet ween the two
embodiment of an electro-active lens with two electro-active vision corection zones

5520 and 5530, as well as far distance cotrection zone 5540 which may be provided
by a fixed distance optic. These zones may represent one-or more stacked elec_:i:ro—
active regions, with different viewing correction in the zones 5520 and 5530
depending upon which electro-actiw}e 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




i nt er WORAOB1or recti on regi ons 5565 and 5570. A far-i REEUSEHI2A:
correction may be present when only one of regions 5565 or 5570 are

activated and near region 5560 isgynactive. Near-intermedi ate cogiekil #ib
may be present when near region 5560 is inactive and both of regi ons 5565
or 5570 are active. Near vision correction may be present when near region
5560 and both internedi ate regi ons 5565 and 5570 are active. [0270] The
far di stance correction zone 5540 nmay be provided by a fixed distance

opti C, abfols @ouRN8e NFFVilRUsAnd QWel Wherd bBthd repidresr afeoactivafeelt amhtanwi th a
hyper opi condition, for exanple. As discussed el sewhere herein, this my
provi deindividuml views slivoughbeth of HRAE VisiPn ¢rerestieh may e Peik M sss or ot her

problem.to any.or.all aof th I - / HeRthemay still
have di¥{io "@%\MHS%KS“%‘] &ﬁ?toﬁg%éﬁ %’?}?ﬁ%{g@ e pa(tmlrger(lz1:88}1";lrr151h3%@able so have a
Vi si on peaht emigHERvas, #loabbyensftheiwo tegioryisi activated spek us §p6pbwers of +2.5
di opter” for near vision=correctiogn, +1.25 diopter for near-jnternedi ate
vi si on nwry3$0tfoosxampls. nearapwriacdipiecyisiop is ﬂ%‘?sephf"é‘?rn‘gﬁi% elgrie9-on

correctlgnF_ 0271] In this exanple, the total maximum power of the

el ectro= mb'ortion of the lens may be +2.5 diopter to correct for the

near Vi [269] Rhokkaiplafo duiimdigientnasdfr anvieleairagetivr rlens i avingal4 far-
el ectro-active regjions nmay be actiyated 8dg§l%)n a %&#@h WO 03090611
PCTI USOterpsdigep gision %B@%@“%\ﬁé?wﬁfm%. 5 -o?f’&? 2P 8Ty an obj ect
L 0O dhs RGLorf o 6h 5380 489 o Intéimddibd boithckibh o lbnbSestabazzort | yat ed
ns . |

el ectro-actrve rtegl opter to correct far vision, plus +2.5
di opt er all of cilricleate électroraative\dndi which 1iige be stagkedupen eash ether. eNsat r o- acti ve

 conethi PRICHOR e a5EY et 0% of 4 ARFE v ad I it 00 D
i ndepengdent [yt ¥Rban\ tiheUbaladde! b9t bé Gplie Gaeslly befveenoitedivag a t ot al

power increase of +1.25 diopter, or an overall vision correction-of +5.25
di opt er inténredisites eorredtion aegians 5565 wad §5V9.oi faGinigrmsdjaie corgetign may

far-internedi ate, ran regi on o . [ : provi de a
t ot al cg? PESERO ISR 03%%%5 d%&%qngrs%ern%\?ﬁgavﬁe%ﬁvo Jggpsn\égfu?%l{’fg of the
el ect r 05860 i/ MaZ@Re, NeheintdiriedRitd 0orodiohdnag bt hatsent wbiedagabyegiome fi xed

di st ance o(gti_c, in this exanple +4. 0 digpter. 02% This exarrBI e is for
i | | ust r 266G ipantive a8 beth of regigns2r9aoret [ ars ackive; Nfar wision 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
oi:tic, such as one having a power of +4.0 diopter for a patient with a hyperopic
coﬁdition, 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 respectivé 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




1 sizes.

The above-descri bed exarrpl%c?[P%(h"{ltzﬁ@ exenpl ary
enbodinment is further illustrated in Table 3, below The table also
demonstrates the optical power of gghe el ectro-active regions for3Vailicdus
ot her distance vision problens. TABLE 3 All Al regions on Region 5565 and
Regi on 5565 or regions 5570 on 5570 on off Distance Wol e Near Power Near
Internmedi ate Near Intermediate Far-Internediate Condition Lens is

- -BMKY<+6 nm +6mMmry<+14nm - 14mxy<+14mm | 4nun<y<- 14mm Di st ance

- 6Ky B@@&o {ey Retle@pli®wing. dh dhjedi. ﬁﬁugﬁa&&aﬂceﬁeﬁﬁn&on& 25 D
Emet ropi ¢ 0. D+2§D+125D+125D+062@£|\%@c- ElSD 2.75
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ot her W &f8PF1hr escri pti ons.

havi ng gtigseakgioas Ghayl benmadditive’ 8uch thsmifdtheapanedmuenmsusgd daokinpeatvi ewi ng
needs of a pat I ent . [0274] The_ addi ti onal tlsgg% gq%egégﬁf t he
far - i ntsometkipgt @ thy apgen Tegions 592504, 3Pu™a Peyi opt er

Ilgg'; Egﬁ%@g@@egﬁa@ g@ggﬁ Z‘E}ggah%g?/é‘l %? the eg}r@|l n? /e%gl?%w te power,

whi ch lmcfeawatﬂom:ﬂlbyteahmm olverall vidion hmequmsﬁﬂ-ﬁﬁéaﬂmmm Likewise, powers.
addi ti onal advantage qf an itional sta el ect.ro- ion for
far-i nt’élarPéHP‘&t‘%erﬁammg §nf’%§ %ﬁ‘eﬁ‘ &Hﬂ?&f’%f"ge Hngedreigps %iéjror? 7t%gr nedi at e
correct ;ﬁ&! liStallR SR 608 Widerd dWHehn \WetvingCr eat e a
"st rong]'lng gg?&@ﬁ’irﬁtf% ?? gng ngg?étﬁ)r??er medi at e&gower [02%5] gf?egl ons
5560, balfisctsoutsiss 40 thagleatro-attevet domes thesosiegéonowonlddse thal pigaided; i er ent

e Hlh?éitxhgdﬁsse of .stacgked elﬂictr‘@e&ctlve regions when all are of the

e PRYC- 37 fred between near to
near - i nfoRyAPThia ek afnPldf @'for Hlﬂsg‘ﬁtﬁ@ﬂpﬂip%séé' Sl Afd worke sfediyreell svittn whi ch far

viewi ng correction i's provid
other vision prescriptions. The above-described example from the exemplary

embodiment is further illustrated in Table 3, below. The table also demonstrates the

An

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
1 off . : ' ' E

Distance Whole Near Power Near Intermediate | Near Intermediate | Far-Intermediate
Condition | Lensis Smm<y<+6 mm | +6mm<y<+ldmm | -14mm<y<+l4mm | 14mm<y<-l4mm

Distance -6mm<y<-14mm:

Power
Hyperopic | +4.0D +6.5D +5.25D +3.25D +4.625D
Emetropic 00D +25D +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 éxemplary 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
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t hrou r?oasmtg?%éd optic, the only bl ending which may be %%EIW% 2gzls fromthe

far region to the electro-active region, i.e. transitioning fromn
near-intermediate, or far-intermedi6&te directly to far. [02761 R% gﬁéﬂW@
be appreciated that the order of the regions 5560, 5565, and 5570 is not
critical and that the invention may work equally well in any case. For

I nstance, although FIG 55b shows regi on 5560 as the distal-nost

el ectro-active jon from the eye, it may be placed jin between regions

5565 andBR% (of lakpe: DR UACTONS Vaiphtis Todsionnln sbouidilihe! the
pr oxi el dbePhes ifloR fowefs. " A AllidiShal 10 E¥See FPGRLRST, Qlallgw the

regions "are stacked to create view ng corre n-zones, perfo ce of the
zones mejechre-activd fegidnefdr firdRAErhedinte\peiwen thhewhaxaidpl & ¥ nesadieaent , near
and near.,-i nternedi ate, vision _cqorrection may be provided by a single

el ect r o MAEFReHAle COTrRion ROWSkthp fur-ipfermgdiate Rapssdnanbr additiehtnfieata FI G 56,
in whi 'CQ"fs&%@%ﬁﬁﬂo@%ﬁﬁ?n&@%ﬁﬁn@&%@ﬁ%@&!Jpon each ot her. Region 5550
|

may provi de both a near an ear-interne e vision correction zone. In
t hi s enth@USidegions iS00 686D fand €i70nmap RHObo theSatfle B2y orgteermhy bebe.

activat at one tinmp. If region 5550 is activated and region 5570 is not
acti vat g&krf”?fesqeéh !n”ﬁ’ﬁfafﬁ SIQF“%‘I?B“Y%‘&B!%WH&@&% of tregpmp
correct isp; a Aledaly arkh m&%r&@,ﬁe@%@%ﬁl esr & Réiﬂsﬁ@nﬁﬁﬁatleqe‘fwg through

the portion of the |ens which provides full power, in this exanple, the
area of igferrnedidte vieaing g Im embadiments mswhish farcdewing erredomiepooidedct i on zone

is prod Med ki.n hro t he rtion of the ens .provi ding only the
| esser lréﬁe:‘g’rggé &, et tg-?@%g{,\ﬁ?ﬁey Eﬁﬁcﬁﬁ%f’%,“eﬁ%&%ﬁ%gﬁ)’& the 1 03/ 090611
PCTI USO 2435 8Bthé Rlediro Akive fidfon, ¢ ! @h@idiahd o redr, Liifedidid, S the area

of the near vision correction zone. Alternatively, If i ayer 555_0. I S not
act i vat éy-intsgpedigiplirestty ¢p fa&. activated, the lens may provide a

ot si de 0775 Bl ARG BLEERaL B0 R0 s g 2RO Ty SO0 r oot on
zone W nht enticabtad thiat fheviavertiontriey Woreequdlly vallicia @Rtdase. FOZiG8nd, t hough t he
Shown adlthoEBIIET 556 RUOWS greiors S5t ab BechiAkpostlpsiro i Tesionduat ant | ai | y
oot o Ot A S Lo LR £45od S0 BIRHE, b0 oo e

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 riot

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 fuil power, in this example, the area of a circle'having a2 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




may p?v&/?%ﬂé’oﬂéar-i nternedi ate and/or far internedi ate Wyiug?f’l[zﬁ%sough
multiple stacked zones of the sane size as di scussed above, may be
substantially rectangular. The comers of the rectangles may be r@ungggggd n
this exenplary enbodi nent, the near vision zone 5720 nay be about 8 mmin
hei ght and about 18 nm w de, thus having an area of about 144 mm square.
Zone 5730 nmay be about 28 nm w de by about 28 nm high, thus having an area
of about 784 mm square. Zone 5730 may have a useful height of
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of f set PBRE™ &r'fore o el'ectro-active regions. [0279] Electro-active

| ayer s viduahg vaBidei ofuihd deotsradtive aegiohs mefyr proyideta farheisionsconeRd  di spl ay
two different focal I,engthfs |Bf(%£g||ﬁr unactivated state when exposed to
unpol agZpaeyith prptical ppweRphthe i @EcHPRIES rise to double or fuzzy images

on e o373} aidoudl e Akin ! WhrebhiBh GREIAS S0 tRPLXemGlat iemtipiihéutsn The fir st

requir >as two el ectro-active 'layers' to be used: One is
fabri caisedssed teret e shiosat a0 ciaonliny dhe megionsuay bel oAy shamkgisieRiahal Iy in the

| ayer, while the other is fabricated wth. l.atitadi nal ' :ed ol ecul es
07T & ey {eQange ot BREROE & shedp NG (e Aol bf e
]9{)2 L‘gg %Rél.lﬂg%ﬁ SAGGHIALIE bothlthe hdir VisiGde, 5720 tahd Pl donatS7BBswhith | i ght are

_ ly by both of the |layers, and all light is focused at the sane
focal mangrdviderseasintamediaterard/osday intstmediate MisiQEDE S %@%@B] This can

) i shed by..si moly.st.acki
eleegtC ?%@k‘%‘f(‘fﬁ‘cﬁ 2 g;rselssgﬁﬁgysb% ag(r%ﬁ%cﬂgsgﬁl nﬁ&?é\?%aﬁélie{%%&?ﬁﬁ%% %hﬂatgglgg%ent er |ayer
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patterns etched on both sides. Electro-active ter'hal | S. hﬁﬁ’l pl acedin a
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the described dimensions. However, the dimensions described are exemplary only;
other sizes and shapes are possible. The electro-active regions need mot be
concentrically stacked, and in some embodiments it may be desirable to offset one
or more of the clectro-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 o' be used. One is fabricated with the electro-active
molecules aligned longitudinally in the layer, while the other is fabricated with
latitudinally oriented molecules in its layer; thus, the molecular alignment in the two
layers is orthogonal to each other. In this manner, both polarizations of light are
focused equally by both of the layers, and all light is focused at the same focal

length.




el ect MR RWP¢H naterial to give it a large chiral corrpBﬁ@ﬂ{SM"HSZ‘has been
found that a certain level of chiral concentration elimnates the in-plane
pol ari zation sensitivity, and obvigtes the need for two el ectrdladtf w86

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

el ectro-active material. [0282] Turning nowto the materials used for the
el ectro-active |layer, exanples of material classes and specific

el ectro-active materials that can be used for the electro- active
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ori ent ableotierctivedmateriahis then phesed dmnat layér end bofht detoémn‘mte: flate) d.

(E;(laggtt ;%B%gn%%gﬁah A %ﬂey%s %’ﬁbﬁnﬁem Q@?egpzq%.ﬁ %?rystal s are
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M xt ur eaB FRCHBPESINg £WE, dlmt mmvﬂéﬁr@@w@@)ﬁmeﬂb@p%ﬂ@n tish
Dr ug Ho&ﬁgt) -Merck. Electro-optic Polymers [0284] This class includes any
transparent optical polyneric material such as those disclosed in

" Physi CHRSTY Apiifitient aledmitdleyretiites dae db aah ‘2. dholebteric. liddd kryses igan WO
03/090611 PCT/ US03/ 12528 72 31 AUG 2006 Institute o Ph sics, Wbodbury,
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p el ect [
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Mat er i admsl"ohivjatéStthe Beshioatwo elected-activedaybes obyputeBr machicRiguid aiyetabas
Anst erdam 1995 es of pol rs are as follows: polystyrene,
pol ycar%‘éﬁ‘tﬁ?@e‘lﬁ'&%ﬁ%ﬁ PrAEHYEIEs U§ pol yvi nyl car bazol e, pol yi i de,
ol ysi | png2 I di sperse
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di et hyl Wnalmlass&md speeidic(clvansictivi mateyialstthitoan henisid forithe eletito-
active refractive matrix and lens of the present invention are listed below. Other than

‘the liquid crystal materials listed below in class 1, we generally refer to each of these
classes of 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:
pentylcyancbiphenyl (SCB), (n-octylbxy)—tl—-cyanobiphenylA(SOCB). 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"-p-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 J. E. Mark, American




[0285]‘”%?3&?9?]8-@“0 pol ymers can be produced by: a) fBFT’&W?{bzsés guest / host
approach, b) by coval ent incorporation of the chronophore into theﬁﬁol mer

(pendant and main-chain), and/or c¥2by lattice hardening approachedisdlfh as
cross- linking. Polymer Liquid Crystals [0286] This class includes polyner
liquid crystals (PLCs), which are also sonetinmes referred to as liquid
crystalline polyners, |ow nolecular mass liquid crystals, self- reinforcing
pol ymers, in situ-conposites, and/or nol ecul ar conposites. PLCs are

" copol yestsutehaf Ehysicsi nWalodbumran db¥s| 1996 xontaéting r myileculasd baviagi bl e
sequences such. as those di.sclosed;in "Liquid Crystalline P rs: From
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i sper SBREARE] 19050 EPStpter Vo C pBIRE, 2l T Uabowh SiRhE . ©

mat er i qioﬁyc@ﬂjbuateyp@n@:ﬂemmma@mwwyv@ﬂcwmdjlﬁnﬁﬂé,V;idli sikaé. al i gned
phases (NCAP), by thermally induced phase separation (TIPS),
1pn¥tuced phase

sol ventExamplescef @ramerhaspnatst pyrnitogpioy (P, gispeme red At
separ at j ¢ _ : 1 r | {: quidaerystal E7
(ebrs v Ry Erictipo et aiRisafockt, SEhifmybitrollitii Ay, it Pugro)

( BDH Mbyagijurieradidpol ynet hyl ;retEE\lgcr)ébﬁ e (P&/IVA) ; dV\AD 031090611 PCT]Ic USﬁS/ 12528
73 31 AUG 2006 m xtures o r an . mxture_of the
monomel 92881 JEesterspRiG P8 y“i‘%r%ﬁygﬁﬁ?&{l‘e‘é@r %»’Y‘a@%,g’m%gj ac gYeostEy

N-vi nyl i i-ne dhlfisn | ymer
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crystal,.in a polymer network in which the polyner constitutes |ess than
10% by 4™t of the |iquid crystal. A photopol ynerizable nononer is m xed

t oget hepol%m' EPL%MHQ@ afg ystal and an WV polynerization initiator. After
the liqurd crystal 1s aligned, the polynerization of the nononer is
i ni ti atl@&86] This class includes polymer liquid crystals (PL.Cs), which are also sometimes

referred to as liquid crystalline polymers, low molecular mass liguid 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 Liguid 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);




typi cé'f??/”‘%%?“&v exposure and the resulting pol yner cregf:ggjsgy%\zé’ Yor k t hat

stabilizes the liquid crystal. For exanples of PSLCs, see, for instance:

C. M Hudson et al. Optical Studi €8 of Anisotropic Networks in 3i AUG 200
Pol ymer-Stabilized Liquid Crystals, Journal of the Society for Information
D splay, vol. 5/3, 1-5, (1997), G P. Wederrecht et al, Photorefractivity
in Polyner-Stabilized Nematic Liquid Crystals, J. of Am Chem Soc., 120,
3231- 3236 (199;92) E‘igfelf assenbl ed Nonli near Supram)l ecul ar Struct ures
[0289] WHHFIEICS| | GRRHE-Mergk)  andy pPMIMAS y migture ¢ 0br gheni Boremes .  whi ch -
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1| Qns. (for exanple: organotrichl orosil ane-based
[ Ligyid Crystals ion). These techniques usually lead to
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' [0291] the liz@iil bYsBETor dxhinpled it FRIICY, 388 ﬁY%ﬁs@éﬂcbscﬁﬁkfﬂﬁ paétflﬁd and may
be placed in a wide variety of supports ‘incl'udi ng” eyegl ass franes and
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sour ce WedRrruita et bk FhbeseipRtiety xﬁ%@wrcmamedzﬂ'é&au@ d'@ Crjgqg ve data
si gnal %hvk%?;%str nsparent conductor bus 2950 fromt he I at1 on detector
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refractTVe na
[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 aqueoﬁs 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 Tens
surface 2920, a power source 2930, a battery bus 2940, & trénsparenf 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,
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refragito?{gg‘%npasm ng through it so that a wearer of tﬁ(é: | 'ens 3500 may be

able to see focused images through the electro-active refractive matrix
2990. Because the optical |ens sysMemof FIG 29 is self-contai rlleﬂj iﬂ@e
optical lens 2900 may be placed into various franes and ot her éupp rts,
even though these franes and other supports nmay not contain specific
supporting conponents for the lens system [0293] As noted, the |ight
emtti l.ode 2970, radiation detector 2980, controller 2960, and power
sour certgg% ‘g? E%B%FP"BO&H %H‘%P%ﬁéy%tlﬁé‘? ~comained apd pay heglagsd act i ve
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t r ans p aalentito-activa defcictive masri2 299 of the $eris 12908 peaydetfoceed asd oontnlked s
primarily_.used to t spory t ower 1o the controller, which my then be
sel ect i ety c}oggoﬂg %%bn%t l?éPng e W50t P use; eapiglies 264 gHYat i on

det ect GecelPSPowd ot Be pBlveP 8Gilrbe 993 {aARL 4RsiRd: | & cessary.
Wil e the trgﬁr)lspe}rent conduct or bus 295?0 |En this er‘r:é?) men@izs%%preferably
t r ans paaudnmay i teceivey datassighas tvianbe deesparent amducter ibns R956r fremi the

enmbodi nent s, [[0294 der to,assist in focysjing the el ectro-active

ref ract’ 8E%P?ﬁe§t°£3g®,'o@elqoatff’nereﬂsit%c‘&q éﬁﬁgﬁnﬁ’ﬂﬁe"ﬁ%ﬁ&i@ n detector
2980 nmythet®kia théseBBdsunction with one another as a range finder to help
focus the electro-active refractive matri x 2990. For instance, visible and

i nvi si 1P292]i When fugctisaingnproperdy.f the raledtre-adtiyh trefradtivei mgtriki 2000 n2970. The
flect] | S em | th d d di at i
et et detidudignt BB Thdchll s | 0he Eeatd S 1eRT 25 Bl SR8 e ed ¢ he
- ref | ectfecuséD iBRig00 MarbagiPGhé Whbdolahing réfraddve \WiardHoo! HEbiuseedn Upon

receivin t_rii s signal , the controller 2960, controlling both of these
act i vi tAPHSal lens systemeef FlGh 20 He self-sontnined.ithe opticabless 2000 smsydetplacedar e of this
di st anGge, vatide r .ﬂﬂﬁli{ Lt.h the proper
opti cal covrrpgngsgtg'?%%lg%ci %ﬁ%ﬁ)@g@t@ﬁ%ﬁ%y ertlﬁég%rera (sl:’g%hr%?‘épﬂ%ét activate
t he el ewtymotzoutainspeeific sopportngradmponentBdttedem dystep user | ooki ng t hr ough

t he optj ens, 2900.to0 view the object or _image nore clearly. [0295] In
this er‘g%] r‘f%qnfm?‘&retgg!%gf PEUHRE ey 7Pa6§ql%t£° Pator 2% cpatrallsuwn as a
ci rcl e 2060, @ ?&wéfrﬂoﬁfc%r@%@rare aach thgnaPtd &? ancths %?@fb e dbgfy-shown as a
circle, this time with a 70 nmdiameter and a center [ens thickness of
appr oxiatyerefractiveypatrix 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




In alvgrogg?%l/le enbodi nents, however, the optical |ens PZ%Sogﬁésztshe

el ectro-active refractive matrix 2990 may al so be configured in other
standard and non-standard shapes7and sizes. In each of these aflﬂt EW?@ ve
sizes and orientations it is nevertheless preferable that the ‘po and
size of the electro-active refractive matrix 2990 be such that a user of
the systemcan readily view i nages and objects through the electro-active

refractive matrix 2990 portion of the |ens 0296] .Ihe. ot h cognponents in
t he opight Atam.dipommerivingfhissignakths LR P‘h%é%é?ﬂ %E%PP%‘&?%‘?% he opti cal
l ens 29Q0.. It Sy @53 - %@&ej ‘?ﬁ* hesdd bPhichReage, for these
i ndi vigHeteE ﬁééur% S %?@agmﬁﬁg'trus?%&tﬁ;o e user as possible. In other
wor ds, thi kotfollef 2960, pRsvisusiyt propesened with topoperoptcabeonipeasation ofway from t he
main view ng path of the user. Moreover, it i 0 g_gtfferred t hat these

t |
conporiba mugerpmay hensgaperate signgls hat acbvale ﬂ%?sélﬁ@g‘?‘g}% e PR educe t he

risk Oég?g,bt%t L i Sﬁﬁo' EBaedl 18h9D000 kOLRA tleoedtrif erred
enbodi 1t “P‘ﬁg‘} gur %@eoglg# t él%gl_%c[b?or active refractive nlgt rix 2990 may
be fl usdngeimarelbleidnti al |y flush with the surface of the optical |ens 2920.

Mor eover, the buses pay be positioned i he |l ens n radLys of.the
| ens. WMW%W&P%}&Q Wé?chﬁ?)l'?#mtnégﬁ %&Ftﬁgﬁilgﬁﬁ?%g%%u%ses in this
fashi ogud Bem 4 S9SEE dRYetDe ah@RS Bftidal 16REIVD0SY AROMshowhasad Egdle he buses in
their Teast obtrusive orientation. However, as can be seen in FIG 29,

this pihéstime sithtaZ) mosdigmetes aod A genterlensthickyess of apprRFdmpiglyf @M29 1 at her

t han ving alJl of the conponents,al ong.a  si it d along a
r adi ugﬁoﬂtf?wéwﬁeﬁﬁ%b%ﬁ?‘% (B, F oHeatdent 20 Guf e BRGHERONRE 5 07
PCT/ URB/a1RR2Batth S950AHGy 20Q6be tdifigurghin 6t stanidardiand mo2GTihdaal e been

positioned on non-radial” buses 2950. Nevertheless, it is preferred to set
as manshapes andosizes! In eagh of Hiesy alteraativecizas ne Prisntaipphl innevelnclessHi the | ens

to mnimze. their obstructi [Eloal ; @Qm'xpiﬁo%éed that the
bus orp%% e?baﬁgbecg?s\%&rra &e/;&?gﬁl%heé@%‘gﬁe)%g‘lg vleellejf:r??)urr‘?:lf e outer periphery of
the | eqehSibat Hadsert BE tHensksiint cah remifiyoviewt Enagles tand dbdexds trpugle teccessed,

control |l ed or_ programmed as _necessary regmthe edge of the lens even if the

f
| ens helsctraratiyede %UGW%H&Q@PWPPI:QI S%icular frame. This
accessigiobt irie WRier BiEhbASin Hlel Gtical REPIDYY GndPbé Pesifishdd HeolEr e [ens as

well a ng positio near t urface of the perineter and then
r eac halicetiotisaf ahepeptizal lens 3900, it is préferablen bowever, 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
smal! 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




[ 0298WOH3E638 i s a perspective view of a | ens systemFAVEEEH2E0i t h
another alternative enbodi nent of the present invention. Like, the

enbodi nent of FIG 29, this enbodiféent al so -Shows a | ens syste ltP@]ﬂﬂPy
be used to correct or inprove the refractive error of a user. THe é
systemof FIG 30 includes a frane 3010, a transparent conductor bus 3050,
a light emtting diodelrange finder 3070, a nose pad 3080, a power source
3030, a translucent controller 3060, an electro-active refractive matrix
3090, dhel light emiitingl diodes29300aveAbeapa poditionedeon inpnfadial dusest B&SGont rol | er

3060 i osi t.ioned. al he transparent copductor bus 3050 between the
ol oot r NORRPES, R hreBvl 4 sp 2R8B80 nof A 8 vttty GPREORGED As can
al so bej&Ren rhdifs of PRk itH dBmindFECGhéis obOWRREndsS. Mdfedventit @ hkRb 3060 al ong
a different conductor bus. [0299] In this enbodi nent the optical |ens 3000

i s nourprefgrmad dhat the dus cf eihen penduchveranageriad beFancesséiiedram thetoutar t han

pover - 25PRET S0 TRE SE Al 8 RVhEL cthstin B oo By R e Curn
connecteedirbiled dirogiinntdd £ medSfyt i dihedgb f BRIBNPAEnGOMRGAsHas 3020. An
advantage of _this COﬂfI%UI’atIOI’l I's that the power source 3030 may be

r eadi | yoeeR picheder wlged i Hhp pagicalsr frame; Thig acqessibidity mapincduds adigegier spect i ve

. pr CAB0, LGREBSKE qeifieiciy ak GEl o naE Rolisthod ner B it SPBE 077 21
3110, qerithetdriané thensedthable vid £ pédetration inte thedbdsact i ve matrix- 3190, opti cal

| ens 32[82%?1;% ne, stem or -hol |l ow | unen 3130, and_signal conductors 3180 are
| abel e G (30215 AISREPRRive KiSYe O513 densciystem i pceprd,withi anothes opt i cal

" lens 3 O3ho2aR: %Jé(% ; tﬁy&g 8 in earlier
enbodi %{ng\% he contr%?fgy 16 é?{%gag%%zl‘l%%unte g%?‘&“@??%?‘%o. Thi s
cont r olthisren@beinens alsoghlogs a lens hpstehahatr mapbe usel teeforeert oy émprotvei X 3190
t hr ough, si gnal. conductors 3 hat are i {ione i thin the hollow | unen
v ane Tt ESHARH B0 B 6 opsra e ietdovine SEEIE pOEuts 2 smeoinily 23160 i a
the st hRpspaeR coffuctdtbag 'SOSOH‘ﬁ‘%ﬁ%Bﬁftﬁ@cﬁédeﬁ%ﬁ& BhdR 3@*7@,%&%3?943 a user's
S

prescription can be carried wt themfromlens systemto le system by
si npl y 398@pwaigonnse 3830, ajrasingentogntrplierc3000, 4ntelentrosactive afrantivat i ve frame

to be h [ 32 15 a per tive, vie a lens
syst em\wintﬂjé?p 8@ ,dg%f’ %ﬁ Ogtﬁ%a?ﬁglgsl 3@@&%3“?’1 \E/eé S%ér%‘b’&m r1"J{0’ gjf’e f’ﬂl\é& Esent
I nvent i3060 ig ipesifiomstiealddd the Banspitant @dnduéfor bus 3050 between the electro-

active refractive matrix 3090 and the power source 3030. As can also be seen the

range finder 3070 is cdupled 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 héﬁng the power source 3030 mounted on or
in the optical lens 3000, the power soutcg 3030 is mounted on the nose pad 3080,
which is m turn connected to _the controller '_3(')60 through the nose pad connector
3020. An advénfage of this‘éonﬁguratibn. isA thét the pdwer source 3030“11_1;1'37 be
readily repiaced qr’réc__ﬁarge_"d ésiequired'. S } | ‘ “ “
[0300] FIG. 31 is a perspecttve view of an altemati‘\}e lens syétein in acéor& W1th
another embodiment of the present invention. In FIG. 31 the contfoller 3160, strap
3170, frame 3110, conductive bus 3150, electro-active fefractive 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,




el ect WO BOPISIL refractive matrix 3290, the optical | e CHIN 1 228d t he

internal franme signal conductors 3280, can all be seen in FIG 32. In this

enbodi ment, the frame 3210 containg7internal franes signal conducloégt JBBO

that may be accessed fromany point along their Iength such that

i nformati on and power may be readily provided to the conponents of the

optical |lens 3200 regardless of its orientation in the frame 3210. In

other words, regardless of the position of the radial bus of the optical

|l ens 389AROWIHI sareembediments, the cabtreller 3160 itas beert heunhtedesmalstchy ane si gnal
and information to control the

cond i de both
P oot 1 o LTSS oS 04095 Bt B U5t ie 0o e Ratith s 3590 ¢l ooyl y
shows t frewshi sipesnwndicioRe3 10 @Reke SRRIHIE %&jﬁ%ﬁ@hnﬁ&ﬂﬂ@ﬁt%ﬁ% anal

alternative, %rrbodi nent, rather than having two 1nternal

conduct 38 H3BEL thafryme 44 10rand treveb tathie denitrollertil0 wirethbrsaap 317@ay ng t he
frame i d or to,facilitate the transport of power
and ot hgégﬂln% ofcfr(gﬁoginég 4 ?‘Ilga g@ﬂb’%ﬁ@n?é‘?’e@tﬂrﬁmpﬂf’? R Be FaFiedwith t wo

i nt er nathefir from. lens sgsteinOtos IefB Ky abmObyd Sink1e GnbHugliheMnk St 4 odi ment of
t he pres]ﬁntgi. nventi on. [0302]bereo)\?er, |?n angfﬁri\lgr alte nga iv%ﬁﬁénbodi ment ,

rat her P HRR 80 alterpatiyedrametgi by woradydbensert i ng the refractive matrix to

the frasos] I . ihve |ayer .may, ipnstead, be used. In
this al ter%]aﬂa%esgg’ggﬁ?%reﬁt,@?'rﬁ%pdo(l:fg%d F’(fé"q‘d?e%/ccﬂ’éd)vﬂ 8ROtheT of the
| ens oraltpmagive epabodimentodt theepre@ns inventicn. TheeHaMe e 10MROUIER gid Wi || be
transpapent and cover.the entjire |lens to mnimze distortion associated
with a 8%?6%‘?\73% © e 323 therontisall lepe 3208, andalie intemal damper of

} access ighacndilcasty 3086, A it fathe lens may. be increased by
W0 031 0opeL L P e T R e AR T 8% b FbREaeRE the e o ¢ ne
out er - pEAl0snBteinsiintemsl &m;ai.ggale:lohdmﬁmisea_somtmayébre,ac.b%kism ﬁaﬁ%{n ly al S? be
compart t _bnt o i ndividual sub-regions to provide a plurality o
E?'[G h\/\g&h_ e@m’#@é‘g&{ %%%8@&%@‘;%@%@ %ﬁﬁ%"t"l’ﬁi f E‘E@ﬁﬂspmwidroi t. [0303]
¢ SompPrenty of theVEptRaD 'r@%ﬁr . .| en emin accor
wth ar&%he alternativgpenbodi meg? 0 Eah% prggté)%fg |‘r11J\)/[gn i % M FIG 33,
an opti P In other worsls, regardiess Qéﬁlﬂ;msmonanfthéemﬁﬂcbuaefitueop@&amﬁsi ve matrix

3390 a ; QI 20.. 1n.this exbodi nent. the refractive: matrix

3390 h?si Og’gle]ﬁp‘{p%fgiﬂu? g%a&&ﬁ a?ﬁlet?tﬁicgn?ﬁt&hﬁbqt?re 1385 Sienaleondueiams 3280n secur ed

to t he dovie tuth qubier aind| mAct3B3R-o doeP 160 Lo aBfvO Rbfefidivo! OF 01 0 3320
ca

forms a_reces f cavity in the back of the opti
matrices ﬁQ?) Section A-A of FIG, 32 clearly shows Phese internal frame signal

conductors 3280. In an another alternative embodiment, rather than having two
internal frame signal conductors 3280, only one mﬁy be provided within the frame
leaving the frame itself to be used as a cbﬁdudtof to facilitétc thé traﬁsport 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 invéntion.:
[0302] Moreover, m another ggmﬁve embodimglig rathe;;‘ﬁhan }having a single
radial bus conl.lécﬁl;g the rf:;‘."_racf.ive= matrix to the frame signal conductors a
conducﬁye layer may, instead, be ﬁ_sed. In this altemativé embodiment, tlus
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




| ens WP upport, hold and contain the el ectro-act PFOEUPEYIE® i ve matri x
3390. Once this optical |ens system has been assenbled, the front of the

optical lens 3330 may then be nol dgg, surface cast, |am nated or {%%%b
to further configure the optical lens systemto a user's specificd' b
refractive and optical needs. Consistent wth the above enbodi nents, the
el ectro-active refractive matrix 3390 may then be activated and controlled
to inprove the vision of a user. [0304] FIG 34 is another exploded view of
an al t eCh&Rdips thadager tedhe ower periphery msmote thaw ené IceBtiod. MbieGverdthign opti cal

| ens 34 tro-active refractive natrix 340 and a carrier 3480 can
all be (is%gﬁ Ratla'ﬁgrﬁfﬁ"t Pﬂéﬁnﬁwﬁ?dﬂaﬁ’&@aﬁ fubiegions ¢&yipyovidendbodi nent to

hel p or phumility bepsth ' | LoRwilrgly, N
el p or phrility bfp ﬁﬁysf&tﬁsédﬂi@eﬂg‘é6ﬁﬁ£lér£]1§taﬁ{f§ﬁezb%n€%§%l'gé§twnh§r?§oup| eg to the

el ect ro-&%éLg_f refractive matrix 3490 |
opti cal b 13 Fbisg persprstive expleded B, of ak epiicit lerishgrs@iDAY agBRPONENt S
3470 ne 1 e .electra-active refractive matrix 3490 nay al so
coupl ed%%?h@e%gl@?%ﬁ e%%?&'m‘? of ghechF?Fdl,t mycaden.do ilonddtan gptivdl and the
el ect r oleas BB3® carebe aedn with Mtdléokro-RH90 rfRtRE il yred 1o various

[ 3%&)&&9 35%0??%@%%&13470, and

opti cal Ielasgg’?p Egrt_herrmre, this carrier , 1f8°C
the el ef¥?8-3cPi f thigremhodiment fhe mefragiveOmntix B38hhadbedDy6siENM t h anot her
mat er i alyiBin : them f.ro ge either before or after
they are cou%?ggﬁ %@ﬁﬁ%ﬁ%&ﬁ%ﬁb"ﬁ“ﬂ@ ?é?dgﬁ}régr"%ih%ﬁmﬁéiﬂ@é 3380e with a
nunber Bfsoploing, Hecoptiabicoiodd 3320k b Mhesdo Whe acE?{’ QHEEJP@ hese

of  any

pl i abl a glass, and a conposite hese

I ' a ceramc,
_ materi :‘F % 33%%%&% 3‘% ARd contaiy the dagon-netivebefhttivd blaainandon gi d WO
) 03/ 09060dceR&iE! 2006 ndi upon i.ts materi al
* conposi ti on. %%?Qﬁ&zﬁ’ggg?%% ﬁ?%gﬁé)ﬁﬁ?t ‘%ﬁ@e 2’89?414?3333@@ be
t r ans pdb@n thenabe manldgd, isurfawy cirt, lanthsed QF &éa@é&sidlﬁfrﬁ{erid%nﬁgﬁﬂ%r pative

O R Y e o e e i pbong 20
CoCP e sl o 4 R RS R 2050 SR "1,
cavity %HVWE%WB@#M@W@%W’MWML These techni ques may al so be
soed L 0THIOC U & Wi LiSln 126 b TSSO
aber r apresegt igveativadintBIG B4 a6 apfi¢a lens 3400, an electro-active refractive matrix

340 and a carrier 3480 can all be seen. Rather than using the tbroid 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 neéded to

support the electro-active refractive matrix 3490 may aiso coupled to the carrier

- 3480. In so doing, these components 3470 and the electro-active refractive matnx
3490 may be re_adilyl secur.ed tq vgﬁ@ps_ optical lenses. Furtherm;I:é, thxs ca.l;t;iex;
3480, its components 3470, and the electro-active refracti .

=
D

10 € 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.

[9305] 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




[ 0306] FIGS. 35a - 35e show an assenbly sequence that may be enpl oyed in
accord wwiasheownt al t er nati ve enbodi nent of the present RT3 1n FIG
35a, the frame 3500 and the eye 3570 of a wearer can be clearl yajegn IQ
FIG 35b, the electro- active refracii ve matri x 3580 of optical I[¥%n VLY ,

- the radial bus 3540 and various rotation and position arrows 3510, 3520,
and 3530 can al so be seen. FIG 35c shows the optical lens systemwth its
radi al bus 3540 at the 9 o' clock position. FIG 35d shows the same optical
| ens systemof FIG 35c after it has been edged and a portion of the outer
per i met erdependirggipon itsasaténdd rompoutiad I eachroagaitds peferfedrthatdgncdtrier into t he
frame 35Q0..Fl G 35e sho a conpleted | ens, system having._.the. ..

el ectro- g’é@?v@ TRnsnAr %h?%ﬁr}txm@%ﬁ?%%%oygruﬁnﬁnfgo%néemo TR fser in a
first reginyedanded Ael ﬁﬁsiiﬁbviby%meaaéﬁrearﬂgpww tosteress W0adeeng

positi oned between the eye of the user and the tenple of the frame 3500 in

t he peri riiapsndipg gpemthsrtype el meissial thathe samien d480 IscsompEised of JGHONS and fir st

regi on C(}H%I' rﬁg&' ' LS b Bodinb $nighe gd'hﬁﬂ dk}g{/\ﬁ?{fr, in
ot her enbo |u!rff%ﬁltr§lg%t eyé.er%rx;qlrf/El onlfi/ﬁ;clg%gﬁh@g&lgg%%rti,.on_.o._. %hme total |ens

bl ank [ 033¥ Jetchirtgeathtiie demntoafsmntbt ireagst bi satigmion whichdhe icarrisc owydbani t h one
enbodi nent _of . the present invention -may. proceed as fellows. Ln first
ctep deprbipd THEsEeEBERhet WS 0 he Ba o HEN et B sy 1

el ect or - dfdludifg leRRgnae Gcbdth aRiesl of thel dadridr t0fcrente b Wffrattivd pa@fretd he center

of a user's eye 3570 with respect tqQ. the frame. After locating the center
of the usorred farany gpficalabemaiians crsated by thegagriert he el ectro-active | ens may

then be [096@[—@@8. PRSI 49 AREF an REIEBI ﬁggelﬁh”théﬂfa? bEQﬁizplc%Bé i 8bRL Qf t he
el ectro-active WO 03/ 090611 PCT/ US03117528 80 31" AUG 2006 refractive

.matri x 358ith ps alffemeativeegmbodimenhef theepresenejnvesdyg InHdw. 36 bedramears t he

frame. Thi$ar, ' 9% ' i ' TR0 35d. After
the | ensmsﬁgsagggfééng dge gfjn%%%e{%%t tcgn E’?%%*%e%d?ﬁl%hgg%éﬁgle%g Po- act ive
mat ri x 35dsfivordactiveemattixe3580 of upticdl Hensp@H0S) the audiakebwsr 350head vadoponent s may

t hen be snapped onto.the bus 5 of .t | ens _apd t he be secured
into the EP?@B&%P@WHWS&%}%, 3%3‘8 and-#ﬁg cg‘hglﬁ‘bpﬁéeeﬁrg}éggsc %E%}V% ncl ude

pushi ng |padptidal Qi Sftemabith e raQIBAs 8RS at hBLOsaBcK pasitiotl. FaGe3sd the |ens
and into the hus to secure the corFTBonen‘t to the lens as well as to provide

for thei rshewhesemeoptieal dasiysemef FIthdoe ahieni hen brer cdendsdamastion [ 0308]
Vi le, the dd Gbs RaffdidVGt hBiBR naY BB ReABfed Brétlitn Fof iloiingRld | X are

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 radiai bus
3540 and power source 3590 being positioned between the eye of the user and the
temple of the frame 3500 in the peﬁniéter region of the lens. The combined
perimeter region and first region comprise the entire lens blank in this embodiment.
However, in other embddimeﬁts, they may only comprise a portion of the total lens
[0307j A tcchmman assembhng this lens systeih _in accord with one embodiment of
the present i'faven!ﬁ'mi= may prt‘);:éed' as erl”dllldw‘xlrs. a fifst étep depicted:'iﬁ FIG. 35&,
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. Aftcf locating
the center of the user’s eye with respcét to the ﬁame, the electro-active lens may then

be rotated, positioned, edged, and cut such that the center of the electro-active




described as being centered in front of or over a user's eye, both the |ens
and t hewodb/e®mis1io- acti ve matrix may al so be placed in o?ﬁ@ﬂ%ﬁ?qzéﬁt ations in
the user's field of vision including being off-set fromcenter of the
user's eye. Moreover, due to the ingymerable shapes and sizes ofdlafldli {08l e
eyewear frames, because the lens may be edged, thereby allowing its

di mensi ons to be changed, the lens may be ultimately assenbled by a
technician to fit a wide variety of franes and individual users. [0309] In
addition tg sinply using the electro-active refractive matrix to correct a
user's vi Eﬁf@ﬁ?veoﬁétﬂérﬁﬁgtlﬂw@mrﬁb@wﬂmfﬁ&ﬁﬁeeyﬁﬁambenahsusdymr&wmace-cast or

ground togflrt t&%ﬁqﬁ sat.e f.or, t he. ' {!;-J act i ror..Li kew se,
the | ens sur acﬁelgﬁr%y a sia&%%gllg%mﬁﬁ'@gﬁg&gg ei‘i?ﬁ{lég&d&tf €8s s

opti cal ahasrheeniedgesl andaad 6] propertyhpssitniae eleb-adsveRithx Z580 bvai der s, the
techni ci an eFrrg use standard | en bl anks to assenble the system These |ens

' 2 5 R S §°UTHs B0°PtHTh CoffPORenth Bajdhan heowappedainiethedasng 60 mm

bl anks may
o0t T 0 ant v, mal F nari D fuey be SURRE e Bl B I e e g the.

el ectro- ive matri x nounted on a cayrl.eﬁf_]&lge

assenbly S8dypIng PIoress PeGEHclyapushg@eleady fronr adch efnthal dosmpoatity e _

enbodi mengyr&font i I letin ot her assenply sequence

wherein, rat k%telrtﬁkffa ﬂgir‘lagléﬁg@fhﬁg%ﬁ%hrlgﬁg%gﬁ'l?gn%esrec'%gg% ?)Wegt&ﬁgg%}/cﬁﬁsi ti oned

on the | ettswell 4o pravidefonthelr someetian toakh ythepa 1©thd @hertdBdpohani® i tsel f.

[Ilustrat ' | 3 - 36e e a frame 3600, a user's éye 3670,

ori ent at i@%ﬂgwgg}_ei %ﬁc%(f'?cg%agﬁsi@?’s%@zén%ﬁ’é? shegtyo-agtive; madtin are ve

refracti vdescritiedi as beRfaBeentdredpi fr6@t! ofl @sved QR ﬁd‘él& a ; nponent

y bus 3640. in the above WD 03/ 090061_1 Fe>CT/ U%OB f?g%%atg%@%%%éﬁgOOG
embodi merflSCUORSLINE BHatix g afsgyberplaced ipothasgirientations ini thhusersHeeld oine.  The

| ens may +isien iRGudiRd BLg 2 _ ser s.eye such that the

el ectro- a_ét ive re?%ct i gedff gr‘r’gﬁolﬁi&%%%fo&(i)tgg %?g‘ée%y%céévﬂ’dﬁ’g&oi °front of

t he user '8ngperablyishanes ped sigss affernilibie cwvapeftanaey bacaasndedsnsagessary and

I nserted d LASEine SRGHLLENt wi.th this insertion the range finder,

battery ggg%tth%?b%omon%%%%tﬁ Bg) @8“% E‘EFE%P%H“WQ? YHmatelhs. [ 0312]

FI GS. 37eassen3)'l¢dlp3rmtabhtﬁciymtoﬁrmfabrmﬂ&t?@fﬁaﬂeyﬁi@m&@ﬁgcré?f the present
e

i nventio t ranspar ent .bus, 3740, ectro-active refractive matri x 3780,
333%% additioR 3 simply using the electro-active refractive matrix to correct a

user's e
user's vision, one or both surfaces of the lens may also be surface-cast or ground to

' furthe.r 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 teéhﬁiciaﬁ 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 mmn, anpd 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 Wiiéféiﬁ, rather than having the rangé‘findcr
and power source positioned on the lens, these cbmponénts are aétualiy coupled to
the frame itself. Illustrated in FIGS. 36a - 36e 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




3770, rotation arrows 3710, range finder or controller and power source
3730 anwo aswbasit conduct or wire 3720 are depicted throudGaMHSO¥HESe i gures.
In this alternative enbodinent, in addition to conpleting the steps
described in the other two assenbly cembodiments, another step déﬂl &teells n
FIG 37e nay be conpleted. This step, depi cted in Fl G 37e, entails

wrappi ng the outer circunference of the lens with a multi-conductor washer
~or wire system 3720. This wire system 3720 may be used to transport
signals and power to and fromthe el ectro-active refractive matrix 3780 as

wel | as t kgbobineht, Weeg may figstdetpéaitiott D@ hinthée §8meNThé Bns may
mul ti-conduct or washer I ncl ude I TO[indiumtin oxide] naterials

as wel | adhegdrerotaied yith resfpe?fﬁe ohser'y gye siqhidhatsthe elesire-agisaislaive [ 0313]
FIG 38 g, lqsolﬁ and range
finder that magé@gcelﬁg?é‘%%’gft{ﬁ’hﬁﬂ&%%n@@ﬁ%%'on. &at gﬁ%%g{] havi ng
the cont rshapeérandrmolmldeasrm%mm andeinsertpd et thel ftamee Sohcuwtdne withi thisa bus as
shown i n other rrbodl s.,enbodi nent range finder,, which
comel'st o Spseiion s Bne FEdkys patefy bt Bure Sottbdients 3608 pial 5o b BRI {'hodi ode
3820, is dbfiedédsy coupled to the controller 3830. This entire unit may

t hen be co@;l ed to the frame or the | ens., as- described in the-above

embodi ment W‘ﬁ% e HTErragde yet %woﬂter@ltﬁmaa'me@b%étnameof b @RFseRn FI G 38,
ot her di MeRRhARS TAR %6 AFnd B 140N S TRY acdive PefR R 80, IsBAdéle FI G 39

is an expl oded perspective view of an | ntegrat ea con ro Ier and ° power
source m%('&@dﬂ#&memﬁvtsm%tmwﬁoﬁm oglconiroler iané pewbosthumen3738f andhe present

i nventi on. di he control.l er ..393 i r,ect led to
the power mfishiiRuB AR B0k bafebd Heblnlh mpc Gairte 3o S WG BBE' T 035,
FI Gt 4P| | amgdmep'o t,gxdedﬂm@x%mpﬁmplemgm@wmfdembeﬂtmﬁe@tmfmmté?s@ur ;:e 4040,
contro er U an ra e | In, a nce ano a ernatl ve
enbodi menmbgfimens, &P ftePrﬂ% doift %,fé g'g‘h“}i‘éf\l\f%f‘eéﬂmlﬂr‘? t Ahis48fePy he

radi at i on JesieRa iR FIG03 %, Mnthils Iwrﬁgﬁmgmé bﬁz&gcﬁtﬂﬁ&eﬂé@& £htehensr #age- finder)

are coupled to the control [ er 40 s in turn coupled to the power
sour ce 404milti-sgndyctos wagker 5 iKjxe SQ#BM”'@E{]T@S witelsgsternPgAC pgdestsedd® in this

50 bo onmraen il AleenRtf ERBAGY o0l (A ATUA BT IIATS " one

systemin weetlcasithe gtherrcomponents. The actual sngnal wires in the multl-conductor washer

3720 may include ITO [indium tin oﬁde] materials as well as gold, silver, copper or
any other suitable conductor.

- [0313] FIG. 38 is an exploded isometric view of an integrated controllér 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 othét
embodiments, in this embodiment the range finder, wlnch consists of a radiation
detector 3810 and an mfrared hght emitting dlode 3820 is d.u:ectly coupled to the
controller 3830. Tl:us entire unit may then be coupled to the frame or the lens. as
described in the above embodiments. Whlle the dtmenszons of 1 5 mm and 5 mm are
shown in FIG. 38, other dimensions and conﬁgutauons may also be employed.
[0314] FIG. 39 is an exploded perspective view of an integrated controller and
power sowice in accordance with yct tmother alternative entbodiment of the present
invention. In this embodiment the controller 3930 is directly coupled to the power
source 3940.




various alternative enbodi nents of the present invention. FIG 41 is a |lens

syst em WOH&I96kD| oys a control l er and range finder conBRICTAHOHSPBI30 that is

in turn coupled to the electro-active refractive matrix 4140 and t he power
source 4110 through power conductor gguses 4120. Conparatively, # GU64005
shows a conbi ned controller and power source 4240 that is coupled to a
light emtting diode 4220 and radi ati on detector 4210 (range finder) and
the electro-active refractive matrix 4230 through transparent conductor
buses 4250. FIG 43 illustrates the positioning of the conbined power

sour ce, ccﬁmlﬁbﬂﬁrwﬁanmapigéc&panmcu%ﬂ&y opas hitéened pavanguicaods,adi al

transparent .caond r bus 433 whi ¢ tur upled to the
el ectro- a@ﬁlt{/ogf]er ?@ffﬁ“éf’ia%e 615%}' hack CCI W%é%&%@ﬁ?%té‘ée gIRhQdamenty s
vari ous dloff&[eqirésaﬁt mRehticd] AFRLEDS se’h8n meﬂ) tﬂéragﬂﬁbﬂl HetBGotif® s ood t hat

t hese d| 5| ons and d| aneters are nerely illustrative and that various
ot her e AR20cithe FrRge-Hiaderd ape @9’41!164 03 1Y controdlind03D,al so be
appreC| at %&hﬁé‘in have a W de variety
of uses in the fiel d 0 egﬂ’cs an‘gg%4§£tg§smr}¥ﬁl§¥|catl o™ 61Pm arrpl e, the

el ect r o- aths di@esyi@nembomsnrﬂﬂsechsb\eﬁél moawnd b5 i), Z:edeieﬁlpfdrje%dand/ or

focus a b?ifmaﬁ{ve D | i dt hat may have uses in optical
comuni cat' oh a %%? %y “such as opt.ical .switching and data
st or age. mms; mmmm 43% e@hqfarsrpec@«%tw@s %yatleﬁgssﬁ%&?id Redrd'®iRi N My be
utilized b | ex .1 magi ng systens | ocate an _optical inmage In

t hr ee- di n¥ “8 gl e gmb B of i PIJ%FHF invgnties: JiEcél veoa lanewysséman

el ectro-a

Civent | on o GRpIOg b CSurales LY inflo ALY Comnthdidn 10 AR T colbish

PCTI US03/ M%ﬁlm@(}@&acm mytsrefhdd80E thecpawke soarcki 4190 tatoaghr 0- acti ve
el enent 4

om0 SnSaa e AL i T i S e 20
i mge 481@nd powca‘pbms:eméﬁl thay MDupreﬁQWaaigha emittifig dfo@k A20 Bnd radiation
| aser bealfee SEI0%ERIEE Sy 1l e slpeleartver et woveris gbyrugs |
el ectro- aﬁ-hnspﬁe@pbbﬁdﬂctc&YBﬁééQ‘ 45300 F1By 43¢ Lﬂ'ﬁs'trlaie§ effle  fosith hfe! mage 4810
to a predeterm nped point in three dinmensional space. leh &%&rs E
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 syétems described herein may be utilized to steer and/or
focus a beam of light, or laser light, that may have uses in opf.ical 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




el ectro-active el enent 4820 nay be used to nove, or shift, the inmage 4810
al ong twWweos9wmti s. This may be acconplished by appl yi ngrQimesoxpsedpri at e
array of signals to the first electro-active element 4820 to prgiu&&m
hori zontal prismin the first electrgs, active el enent 4820. The géc 2006
el ectro-active element 4830 may be uséd, in a simlar manner as the first
el ectro-active el enment 4820, to produce vertical prismand shift the imge
4810 along the y-axis. The third el ectro-active el enment 4840 nay be used
to focus the image 4810 along the z-axis by adjusting the optical power of
g he 3_yst amtéaﬁmongnapm(rjelﬁmsdlm : cfﬁfre E}lﬁhﬁnﬂ@lﬂm,iav&;c@@d ierea%%@w A
epending on t esired | ocation of the resulting inage. itionally,
et 53

range fi nd i Gleqiro-a5tive element AB4Q, apdirange fipder|ds¥ise48800f a

target, foLis@RAR 8 FI6. 481RGhRAEe 481D i gzﬁ%a fd §Wgte er desires
to focus th(sa resul ting inage. %nge ]fklhﬁggr e\})iycdél% 0 Jrr%stpﬁgﬁﬁldeterm ne
t he degr edhzge-dimansionalessgetered in the third el ectro-active el enent 4840 to
achi eve t I i i 0. desired by the user at the predeterm ned
point in thr ee-g%%rlegﬂgfebfngglg%%% céa.l'g‘fatm gﬁgﬁﬁtdabﬁseﬁgf)%c‘?raat?@e ?’E‘é‘ft“ nge
finder dewptieal id&0 Aveyrdingly, theteherbativedptichiayabevmodess detizeépnge fi nder

enbodi nent.s, i ncl udi an integrated power source, controller and range
fi nder syg?%’ﬁ\the[lﬁ??fgf‘gr&f @aﬂfga?t%“ﬁ“@é?%‘ﬁéﬁmdlﬂ%%ﬂ spacee| Tdetlite act i ve

optical sykceflatliveadsnéd 4870 Hﬂr%ﬁsﬁ@%ﬁv@%ﬁsﬂ tﬁ%ﬁ?édgg\i?m blgﬂg gfeS Shown in

FIG 49, electro-active optical syst em'49’00 I nclu I TSt
el ect.ro- adtd%e This mat besazomplished hyrappliing thempauipiinte arsdyeofesignalkon0, and

range fin L& . ' . 4 an _i.mge.4910 is
represent g%r%‘g%gn arécgﬁgg}ﬁaeﬁ??@ﬁ (r)‘ji'dri:ltc g#‘gﬂ%"rﬂ?"‘éé’ﬂa‘i’%@%@? gﬁg%]cgtb%fce. The

i mage  mayctive, elémented@20p| Bhe sechwbadectfo-hitiyetelerfedt 2830 MR uedd, an keal or
virtual opti.cal inmage. ccqrdi ngl. the e tro-active optical system 4900
may be ut i%“?@%&‘%ﬁﬁ&?ﬁ%@#@%ﬁ%%@ﬂ‘ @1 %ﬁ@f“f%?@%‘ffm@nﬂooe 84

i mge 491@himhamgedsuem§aﬁ PLift ThethirlefRudipBRS LR 4488 5y pkhe first

el ectro- active el epent 4920 nay be used to nove, or shift | mage 4910
al ong bot fsada Tocus dhe unage #8319 alopg shs Zaxishy adimsing theaptioshmomshefithey appl yi ng
the appr ORjsiéth 4860 EAY ri¥re potiEHAhS ifd IntSofhgment 4920
to pr oducgyhori zont al arll.?ipvel_rt i.caPB&pé%gtrﬁ% %ﬁ‘%ﬁ%‘ghﬁﬁ%g"@%@gﬁ%‘% gh%t ive

el enent 4desired location of daisesyltingrimage. hadditionallynrangh Endeardestice d@50intaly bot h a

hori zont ab, 3Rfl,ed %edctdct Ale HAURANEN targat, fop Q}?asn?ﬁc,t Y dgtgc!:tgll'ﬁn the image

ficld 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 clscu'o—activc'opﬁcal systeni in accord
with one embodiment of the invention. As shown in FIG. 49, electro-active optical
systemn 4900 includes a ﬁrst electrp-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




hori zontal or solely vertical. The second el ectro-active el ement 4930 may

be usedwoms/epistus the i mage 4910 along the z-axis by aeC@giSewtpstthe optical
power of the system 4900 to a nore positive or nore negative optical

power, depending on the desired Iocggi on of the resulting i magé! AUG 2005

Addi tionally, range finder device 49 may be wutilized to detect the

| ocation of a target, for exanple, a detector, in the imge field where _
the user desires to focus the resulting i nage. Range finder device 4950 nay
then determ ne the degree of focus required in the second el ectro-active

el enent 436 4910a0 hi prodetdrthed il tih Hited ARERSHAAGPARS | TIRIGRY clehifo-user at
t he predeterm ned ﬁ 'nl'%lpi n three-di nmensional space. It should be

appr eci at SaHYeElgment YBeksed & moye, arghiit, theimsge ARG dlang boththsrx-t he

above- desgkishgd g ni}ﬁ@ ' udi | Nt eqr at power
sour ce, co‘ntsr ol It%fﬁgﬁcsj %g&yfgig%%%r syﬁs%ielrjx 5%%%%}@30%% S °§gr spective
vi ew of asigaplade ke Gt elestropetiveadlemonst 4920i to moduwnechorizbatal amk vemibsidi ment  of

t he i nventj.on. Q in Fl G, 50 ctro-active optjcal, system 5000

i ncl-udes gh?@%@%giﬁe}ggr@g% ?Yev%elg?ﬂér{*é#lﬁ %’Otgﬁe ?Pﬂﬁ%?‘yaéfé%?i ce 5050.
Al so showprddacdd @ithHath arhorizogel SR veRidaP REBHEHHNE ChsbyppdBedtd SMelgt a first
poi nt- in three-dine sli onal space.” The imge _nmay be, for exanple, "a beam of
light, a DPEONE B’é%qqff y ypriugal, Jhe segong electiafackiys dlement 403Q may Rewseddongl vy, t he
el ect r 0- agdduy¥ eheORab& 3010 Ry L1 i mage 5010
to a predeterm nedgpoi nt ﬂ?ﬁé ﬁit@hzﬁgggbl nelﬁgt?]dgt\l&alk o.bﬁg%g%g@t Qﬁgéfs&ér}s

el ect r o- af?9Q/1® T merEPesithE Y merp tsgativecupticel powrredependinpiohtthe thdreimage 5010

al ong bot 3 i : -axl.s.  This may.b cCco i shed_ by applying
t he appr o%c%g‘?]eégrﬁiréa%s@pgé }‘g%ﬁys g’t)&gﬁ}oﬁgﬁsf’ i rla’§¥°y E‘Pgetft ‘%&Cﬁgﬁg\%mﬁ P&ment 5020
t o producetiticedita deteel thetmtatiar 6f £akgenrfos sxdniple,eddtbdter irtihe Ginage A6l Ve

I t 5020. t his. ' t, th ' b duced wi th both
ot 1 zont aN DRI AEERLS T B srela g dates Gbiery 1990 BB01 ol or

sol el y WOHRR/ 2606k ﬁwey&%km&egmmg&@@ec&% M@Et?d’ﬁ@rive Lt onal 1y,

the first %ectr -active el enent 5020 may be used to focus the 1 mge 5010

4950,to; achigye the; resyltingimage 496 dssiredybmithe wstr athide PysietamieRd0 to a

al ong the"
ocat | on By R ke O S el AL BB RO e e 1 ze
to det ect 49 magche iidrihe oo, efathye ehovieatesanitmdptange didiet emitaximerits) t he i mage
field whepelile MSikedRa pbier ddrdeCSY Sroller and range finder system.

[0320] FIG 50 is a perspective view of an electro-active optical system in accord

with one embodiment of the iﬁvention. 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, _thg 1mage5010 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




the resulting i mge. Range finder device 5050 may then determ ne the degree
of fooweoseweired in the first electro-active el enent PSOPEYEHchi eve the
resulting image 5060 desired by the user at the predeterm ned \jo,l hdﬂ}
t hr ee- di nensi onal space. Accordi ngl the optical system 5000 L]|' U6 2006
produce an array with optical properties the sanme as an optical lens with
prismat a fixed angle and possessing a desired spherical power. It should
be appreciated that range finder device 5050 may be in the formof the
above-descri bed range finder enbodinents, including an integrated power
source, ceqatical ummany aAngfrst d:lamiﬁracslyee&mﬂn{ $RD hayieGised fo fosusthper specti ve

vi ew of an eletro act c stemln accord. with o odi nent of
the i nvenigss ﬁxig‘tbé t‘ P@(ﬁﬂhﬁalmeﬂgf@ﬁtsp’ﬁtﬁﬁn%@gbém 5100
i ncludes gdd f)§sr1t1\@ cﬁ'rﬁ&{z n@%lﬁﬂr u§£ Bk, Qic - G ihb \RsitddeBAfon2E30,  and

range finder device 5150 SO shomn in Fl 51, an imge 5110 is

repr esent & re&l{k“@ﬂ%ﬁome finder desticep¥)5@maybe viised tn datert therlasatiopace. The
| mge may , Qtarée? for W Accor #%ggg]ﬂ%c 1{4%9 L}'%»ld v@hér@ﬁl%rusgrec?e O‘é é’?cur eal or

vi rt ual op Ica ectro-active o system 5100

may be ut ithe m&ﬂuﬁg)lﬁmgausmﬂge finden devicel 3050 mayp thenodbedramiog mecﬂegmerdf in three
di mensi on

I first element 512 be. used t 0 select a specific
wavel engt G‘i’.‘ffeﬂ“gﬁ‘?“’f B Bt glechpagieve erﬂﬁﬁ%(}g@%’l?fgl UREIMALE ol i shed
using a stpéd desRAASN Rt Gt te prelleteingd pORE Ehﬁ'ﬂir&@iﬂ:ﬂen@fonﬂ' Qfaté.i cal ly
switching chromatic filter. The second el ectro active elenent 5130 may be

used to nmépeordimgly lﬁhefqptm%lwastwﬁé@eﬂ sypuldl prpédizng 2B GERY Witk optigalipsoperifg t he

y-axi s. 14%[@4 seef I E[Lg[%e y of
signal s t@it%e secongJEnE ectro. acpﬁg%aag%eﬁrr%ér? 63&)@6&%?%& c%d (#relazont al and
vertical spherisahpower.hdt shouldrint appeiatel that range ﬁhéamlehcsﬁgﬁo mlay hehins

vor st o Ao shihe VB e Be® F S SR o BRb o AR B0, o

The secongowbewiice; alitioll& U eampeifinddddysway al so be WO 03/090611
PCT/ US03/ lé;ﬁig?q?nél AUG 2006 used to focus the |ma§e 5110, al ong t he
z-axis byl srePeRSCHYs VisHRE ab plegtrsactive opHed SYBCRINACEHFe positi ve

or nore nggaldnéeniRlindt oPANShvendR e AdisAGwR ] FRE 5 ldeﬁbé@—gcd\%%hbﬁn of the
resulting image. Additionally, range finder device 5150 nmay be utilized to

det ect t heystere 109 inclades 2 figshelemento 120« arstend elegteot %s@we relemant 5h30,i nage
field V"“erggd IdGe HERI FLFRL 5850.  R1sb A3 6. 33 Uld ihldBe STRPR re R80T | NDET

device 51
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 horizontai and vertical
prism in the second electro-active element 5130. In this embodiment, the prism may
be produecd 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




may then determ ne the degree of focus required in the second

el ect r owawsiell el emrent 5130 to achi eve the resul ting PFEGSOEYSE desired by
the user at the predeterm ned point in three-dinensional space.

Accordingly, the optical system 510g@ewoul d produce an array mﬁthzbﬁpﬁgg$
properties the sane as an optical lens wwth prismat a fixed angle and
possessi ng a desired spherical power. It should be appreciated that range
finder device 5150 nay be in the formof the above-described range finder
enbodi ments, including an integrated power source, controller and range.
finder syssedno fpOB2RY inkdgs 5132 along ahqe-asis dytadjnsting e opticaliposkeof tho- act i ve

opti cal ' .h one enbodi.nent .of the i,nvention. As shown in

d
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a second gbsehnQaa6 bf/ﬁe%sﬂ[{ﬁ!%tmﬁgé’*oé\ddﬁﬂﬂaﬂyafﬁge fihastalevite 81 s@ mago0. Al so

shown in FIG 52, an inmage O is represented an arrow at a first

point in Pﬁl“&hz"ﬂi Wékéqcbﬁﬁl logajipmeof mqtrﬁgexmglemdetﬁ@wn i fhmimage a beam of
light, a %&@m@usgfde@ués%'fg% 4 Eés%ggr?ﬁ#l Radelfior adifi¥idbnal V. L1he

el ectro- act I've optical system ocus I mage 5210
to a predetagr themabttqmningt thcndetgneeeef d‘omsnmqumai mphe;eecoﬁdeelbctrcshctﬂberrent

5220 | d . | Ust tt
o t1 on BFTeh 8T K40 ERRYS i e gy oo L0 frired Tl e gt e o

el ectro- aﬁf id¥terreined pBint ﬁaﬁeéram:enb@nﬂs@cé .0 A¥BM@ingh, thdlopiical sPRechmage 5210
al ong both the x-axis and the y-axis his. may be acconplished by applying
t he appr optedvenld pradyce an arawith optical ppewieshg semp as an aptiset lepewithenent 5230

to pr oduc g]ﬁrdtzfp r ctive

el enent 5 I'n BTE ag%boaéiarﬁedﬁ%&? ed gﬁfgﬁwﬁa&‘%ﬁ pr odug{egﬁ%ﬁ@ﬁg both a
hori zont aapmmiatad that J:angaﬁnderrdpﬁne 6130 msy bp pothe dortoofsthé abqrvekttu:mrﬁmdt al or
solely v cond. el ro-active el enent 5230 als be used
to focus ﬁ?gé cﬁ}rcrlﬁr g’%ﬁ%ﬁ“’g mcl\ﬁﬁﬁeg ?ne&ilte Sl A SR tcﬁ'étr power of
t he systemngeﬂﬁdémyacﬁﬁo 03/ 090611 PCT/ US03/ 12528 31 AUG 2006 87 m)re
positive ative optl cal ower I n conbination with the first

el enent @ﬁﬁ%% CHYR VIgHSPL B EIPCEsRGtNR ophical sastemdniaerHd i mage.
Addi t i onakiti.ont @ﬂmedmidnﬂsfeﬂmd@oehﬁsu 523 Qnéwy iPPIGH 52! élé@&b &&v@%}xﬁ&ﬂ t he

| ocation of a tar for exanple, a detector, inth e image Tield wh

the user &BEm ég(’(? inclusiey & ﬁfﬁbelﬁ@&’aﬂ 3329 2 seeané. electro-active elemeﬂf 5230,
and range finder device 5250. Also shown in FIG. 52, an image 5210 is represented

by an atrow 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 tbree 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 aiso be used to focus the
image 5210 along the z-axis by adjusting the optical power of the system 5200 to a




Range finder device 5250 may then determ ne the degree of focus required in |

the sewondosisgctro-active el enent 5230, in conbi nati oRCRUSH/2AE fir st o

el enent 5220, to achieve the resulting i mge 5260 desired by thglu%rm%t
the predeterm ned point in three-di ggnsi onal space. Accordingly, the :
optical system 5200 woul d produce an "array with optical properties the
sane as an optical lens with prismat a fixed angle and possessing a
desired spherical power. It should be appreciated that range finder device
5250 may be in the formof the above-described range finder enbodi nents,
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It should further reci ated .that .althqugh a fi .le has only been
desor | bed SAhIEHF 0B dFSirEdSgoR PLteSsHUTE lades; ACHRElY Aeene | ocal

I engt h of finh& deQRYISLEM ehalyBRARIIZEd td det@d tﬂﬁaﬁaﬁmyoftﬁa%ee teysdmplel B any of

t he above-described el ectro-active optical_ systens for steering or

focusi ng &dafegpt iiedhe imagrelitld Whoredheumrrdastenfo &susdhe msplting imagh-e, the
varlous egﬂgege ﬁﬁ&&?edﬁé %ﬁwggalygtggy Seteithd t@eeﬂéggés‘ed%q fgﬁ)ﬁ?ﬂ%@q{:ﬂ@@lﬂnﬁc system

desi gned r-recording an o | mage, suc or conventi onal
caner as, vewed cleotroradiveslement 3B0ein aebinationfwith the dstdilagemS2ofttocal i mage.

0323] Whi| ' mhodi £ () ti h
(i scusson *ReVES RSEIEE B arRLArred P R R o e P B ope of 1 he

present i mentin@hsiondl Gpades OABERIRER] the drRicale3tR] §200 WoldPrédiRd aho each of
t he conponents_described above, an eye tracker may al so be added to the

lens to t REEXMROPHGA PrRPFEIRSRS Saspe ag #neonfisal leppwithipRisma adivg apsle
el ect 1 0- aGhd YessdsBingACdebit& SPREAal go@ér.vfkﬁtﬁﬁ& bpslsé;reéit fhat féﬁgéngﬂéerot her
er ernore, w

functions and services for "the user. Furt nile a conbined LED and
r adi at i on degeeg2r maybe ibtherfotn of thcdwveslescribeh yaie finder avtrdimadsiponent s

may al so ed this function. MO 03090611 PCI/135Q3/12528 31
AUG 2006 Q%é&%ga?&n% te%c{ ﬁ %‘gercﬁgalcﬁ’e%nﬁgherfndﬁ%ﬁ% “t 5. m'gté%?'ﬁg- active
spect acl e be furflei sppreciated that sldiongh adixed ¢erls ®AS onl9HeEl Gdsbgbal Moaekwithf at | east
two electrq-active regiaons to produce a pluraljty of zones with different
vi ewi ng C(S%?rgﬁ(fe’l tBﬁ@G gh%"’é“%’o‘ﬁt sfipg ﬂ?eo#oc?ﬁﬁgﬁlﬁr%é?ﬁ Tejuigpg iMage; gg each

el ect r 0- agixkd ®&ns agyHe driployed 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. '

-




produce the plurality of zones with different view ng corrections. 2. The
mul ti - fag ad/esdbract ro-active spectacle of claim1, furtheCT/BHRPRISEing a far -
view ng correction zone produced by a fixed distance optical. 33 ?@EZUUS

mul ti-focal electro-active spectacl esgof claim1l1, wherein one of tl '
plurality of zones for viewing correction is a far-internedi ate zone for
viewing correction. 4. The nulti-focal electro-active spectacle of claim
3, wherein the viewing correction provided by the far-internedi ate zone is
about 0.25 diopter to about 2.0 diopter. 5. The nulti-focal electro-active
spect acl egpime! @i m 3, wherein the viewing correction provided by the
far-intermedrate zone is about 0.25 diopter to about 0.75 diopter. 6. The
mul ti - f ocWhatds gleimeslisct i ve spectacle of claim 1, wherein the stack of at
least two electro-active regions produce at |east near and

near - i nt el.nAdindti focad plestrd-agtive\sp ERIEEEE i on. 7. The nul ti-focal

el ectro-active spectacle of claim1, wherein the stack of at |east two

el ectro-act i veanw dgitors:tipe ks cempiisingasiackeizt leastdwp cleare-npis 1gg8rand f ar -
internedi ate zones for view ng correction. WO 03/090611 PCT/ US03/ 12528 31
AUG 2006 to%@o&cei%ﬁnﬂlﬁyfofzém&}ith&iiﬁérbummgvmmﬁem;anﬂe of claim1,
wherein the lens has a stack of at |east three electro-active regions. 9.

The nul ti - focaf ;@b @r dlepotBesBomtivaing «th abaicvadiive vpgoreion the at | east

three electro-active regions produce at |east near, near-internediate, and

far | it er BALANEe pRAIES of el pRNRSrER MAGRE Qrecdhs, The Ml L1 -1 oca

el ectro-a ctacle of claim9, wherein the near zone for view ng

correcti ngjg@% r :jgogé%?%gé&og&hw%{é g%:fteﬂ%[?rl’c A grecq,ﬂp@rs%%gf&e regions. 11.

The mul ti actirve I'm9, 'wherein the view ng

“..correction of the far-interngdiate zone.is addj.tlive to view ng correction
of the ne&‘tew'nogrﬁ?nﬁ%%‘?q‘?%?ﬂﬁ'&?‘g'fyeaéﬁ%ﬁ%’.swicf. dé' mul ti-focal

el ectro-active spectacle of claimS8, erein the at | east .t

el ect r o- adt FP@ fosakelegtio-agtive Wfaﬁlév{g&{?émgr ngrcm one of the Ph%ﬁ&

of zones for viewing correction is a far-intermediate zone for viewing correction.
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4. The multi-focal electro-active spectacle of cléim 3, where_in thé 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.




13. The multi-focal electro-active spectacle of claim8, wherein one of the
el ect r owoasloposer r egi ons has a smaller area than the at PCEASPIIZ ot her

el ectro-active regions. 14. The multi-focal electro-active spectacl e of
claim 13, wherein the smaller el ectg&- active region is the dist all-Atfsio0s

el ectro-active region with respect t0 a pupil when the lens is worn by a
patient. 15. The nulti-focal electro-active spectacle of claim 13, wherein
the smaller electro-active region is the proxinal--nost el ectro-active
region with respect to a pupil when the lens is wire by a patient. 16. The
mul ti-focgl Tab a&lt-Bocalilbata-SH0€ spetacleof clrimil nwidsinthelers astastackmal | er

el ectro-active region is in between at |east two other electro-active

regi ons. W,G3/0806 e BT HRORbRE28 31 AUG 2006 90 17. The nulti-focal

el ectro-active spectacle of claim1l, wherein the plurality of viewng
correctio n 1| ' 1bdsr fipseal

el ectro- agt ﬁ@g@é@%@gﬁ?ﬁ%&%}lﬁ tf?le\%{ggirajéxll r%’li@}r‘]%rg%ﬁlllﬁkat: i t§/ of view ng
correction, zones. are .verticall -ce : jls . IThe

mul ti - f ocS1eCEPBHEICHEHS V@S%cﬁéﬁc/]tegsgIngarg%eea%?%?ljrrn'{e%&eaﬁg?%ﬁn The dﬁ‘%—%r ality of

view ng correctiqn zones are horizontally de-centered froma pupil. 20. The
mul ti - f oc &PSHICHFHIPCPTHNBpect acl e of claim 1, wherein the plurality of
viewi ng correction zones are de-centered froma pupi] outside. of a near
correct i 0. Topauitpfocatglectipnctive sRsctacie of ghaim §. WherpinAQRRAE ORE AT of ¢ aj m 1,
wherein the electro-active regions are substantially rectangular. 22. The
nul ti - f oc afievéhgearrastion isipreduspdby agtivating albihpgepleptrofagi Y £108%npr i si ng at

| east one electro-active blending zone between the plurality of view ng
corr ect i orl1z @he sulti-Bi:al dbaroradtive sjectale of clagn Powbereinvthe sigwingacl e of claim
22, wherein optical power in the blending zone decreases linearly from

hi gher opidbaaltion Okte fapintamediagpbheBladdifionar viewmgicheregionradtict neanf  vi ewi ng
correction zones transition from higher optical power to | ower optical
power . 24.gndReriieithedifté abnes] €Cctro-acti ve spectacl e of claim 22, wherein
optical power in the blending zone decreases exponentially from higher

optical pQwerrhk gl ¥6dal 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 regidn 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;“ﬁiC;St- électro-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.




optical power, as the plurality of viewing correction zones transition from
hi gher wapasio@esit1 power to | ower optical power. 25. The mrrmsowb?éaa

el ectro-active spectacle of clai m 22, wherein optical power :3

bl endi ng zone decreases by a poly w function from hi gher opt &aqUGp@%er
to WD 03/090611 PCT/ US03/ 12528 31 AUG 2006 91 | ower optical power, as the
plurality of viewing correction zones transition from higher optical power
to | ower optical power. 26. A nulti-focal electro-active spectacle
conprising an electro-active lens conprising at | east one electro-active
regi on t o ipr YHeE@I-focHll didciblachiveddpeiasie of wato 1 diidrein @it plwdatityi ofg correcti ons
~and at | east one blending zone between the plurality of vision correction

zones,; anqlewé&fegﬁ(l,ﬂmgg&c|c@,g{&|g3@g|&ryﬂu¥,ﬂact| vating each el ectro-active
region to produce the pl ura ity of zoneS for vision correctlon and the at

| east one bl SdLR: sEMecrd Lol ol or Y, ShaChEE AGklFPect acl € of

cl ai m 26, ‘wherein optical power ng zone ecr ases linearly
from hi gher tical..power to <povwer. . .as the plurality of

Vi ewi ng c?f’r P”é&‘foﬁ?ﬂ%‘g‘h@o&cﬁrﬁ%&%&%e dgﬁ BB cal 'povver to | ower
opti cal vve;é~g It|-focal Iec%roatlve sg%ecta % cl aim 26,
wher ei n 091 mB%ﬂ/éF TASHYSR e‘t‘f]ileéﬁ‘g ially from
hi gher optical power to | over optical power, as the_plurality of view ng
corr ect i oiexdnbeorrectonszaneyare hodzanialiyiercentomed Fem 2980k to | ower opti cal
power. 29. The multi-focal electro-active spectacle of claim26, wherein
optical p@@elh¢ multi-fasakylentrdiastjve speetacle of elairad, whereinglet plaedite®f f unction from
hi gher optical power to |ower optical power, as the plurality of view ng
corr ect i oniexdnmesortectios zdnen arefde eamteted dtoen a pppil owtbide ofvenear cofrentien opt i cal
power. WO 03/090611 PCT/ 1JS03/12528 31 AUG 2006 92 30. An el ectro-active
| ens conprzbed. Ng:

e

21. The 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 comprisiﬁg 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 opﬁcal 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 optic;al 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




two stacked el ectro-active regions, in which a first region ?roduces a near
and neaWVdi 83086k di at e vi ewi ng correction zone when act PEIUSEIEB in which a__
second region produces a far-internediate view ng correction zong| viigreos
activated, only one electro-active gpgion activated at any one tine; and a
controller for independently activating each electro-active region to
produce the plurality of zones with different view ng corrections. 31. An
el ectro-active lens conprising: three stacked el ectro-active regi ons which
produce a near view ng correction zone when three el ectro-active regions
are acti vidved opiixehl pwearhagthe glueAitpofrdewingicotrestivnciondsaransigion figpnec or r ect i on
zone when two el ectro-active regions are activated and which produce a
far-int er ARHERIpEicAl RWen & 16@BEoptieaipomnety one el ectro-active region is
activated; and a controller for independently activating each

el ectro- agki XGni18GbON elebro-BERRAUPEtAdNEcIhpHsdlg ty Of zones with different
viewi ng corrections. 32. The el ectro-active spectacle of claim31 wherein

el'ectro- ot verbpearhaRe killopprsdh F iRl oft bk SAVF @G oo e
| ectro-act | ve"Spectact ¢ oF ¢l artn . i th
o1 cct 1 o- aplopdicy BERARE Vi i foahd i SRop R ] B R D S,

wherein the electro-actiye region of smaller area provides about 50
percent o W@@*ﬁﬁ?@tyﬁgmm&afmﬁ@&rzo Seffhg correction. WD 03/ 090611
PCTI US03/ 12528 31 AUG 2006, 93 35. The_ el ectro-active spectacle of claim 34
wherei n the retgPmraklsr foxdndependently achivatingeach gleetFe-agthiefedPRin de about 25

percent of the optical power for near view ng correction.
produce the plurality of zones for vision correction and the at least one blending

zone.
27. The muiti-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.
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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 ax;y 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 corzection

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 clalm 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.




