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BACKGROUND Cenerally, a conventional lens has a single focal length to
provide a particular visual acuity. The |lens may be produced for a
particular lens wearer or application where there is no change in visual
acuity or no need to io nodify the visual acuity for different view ng

di stances. As such, a conventional lens may provide |imted use. A bifocal
| ens was created to provide multiple focal lengths for the lens wearer or
application where there is a need for varying visual acuity, for 15
exanpl e, for reading and di stance vision. However, this bifocal |ens has
fixed focal length regions, which also provides Iimted use. In each of

t hese exanples, the lens is ground froma single material. 20 BRI EF
DESCRI PTI ON OF THE DRAW NGS Figure 1 is an expl oded cross-sectional view of
an electro-active lens in accord with an enbodi nent of the present
invention. 1 WD 03/032066 PCT/US02/31795 Figure 2 is a side
cross-sectional view of an electro-active lens in accord with an

al ternative enbodi nent of the present invention. Figure 3 is an expl oded
cross-sectional view of an electro-active lens in 5 accord with another
alternative enbodi nrent of the present invention. Figure 4 is an expl oded
cross-sectional view of AYBREFELECTROVACTR/BLENSIccord with anot her

al ternative enbodi nent of the present invention. 10 Figure 5 is a side
cross-sectional view of an el ectro-active lens in accord wth another

al t er nat i FiEIIMOFITHEANMENTIGN present invention. Figure 6 is a front view
of electr Cailhecgrr(]egggtt iH/gn’tlicg)nOBgnéJrsél 9rtgzgﬁ)arggtle'nvs"ietsfa MOre specifically the

present invention regards composite electro-active lenses.

BACKGROUND
Generally, a conventional lens has a single focal length to provide a

particular visual acuity. The lens may be produced for a particular lens
wearer or application where there is no change in visual acuity or no need to
10 modify the visual acuity for different viewing distances. As such, a

conventional lens may provide limited use.

A bifocal lens was created to provide multiple focal lengths for the lens
wearer or application where there is a need for varying visual acuity, for
15 example, for reading and distance vision. However, this bifocal lens has

fixed focal length regions, which also provides limited use.
In each of these examples, the lens is ground from a single material.

20 BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is an exploded cross-sectional view of an electro-active lens in

accord with an embodiment of the present invention.



el ectro-active lens in accord with another alternative enbodi nent of the 15
present invention. Figure 7 illustrates exenplary power profiles of an

el ectro- awDI0B@3d0e1s in accord with another alternative emoodiSopsut79df the
present invention. 20 Figure 8 is a side cross-sectional view of an

el ectro-active lens that provides near and internediate vision in accord
wi t h anot heFigure& inat side crassesatitionat vietv oftan gleeteractivelanst in@ecor gure 9 is

a side cross-sectional view,of an.electro-active lens that 25 provid
near and ‘f"ﬁ? ep %&lqwe\ﬁf%%(ﬂ'ﬂeﬁ'?&é Breﬁef‘ﬁmé{ﬁ%tf%r al ternati veIO errbogisrrent

of the present invention. Figure 10 is a cascade system of electro-active
| enses in accord with another alternative enbodi nent of the present
i nvention. FgwWeduisaniexploded ciogsexscippal vigy & enLlestanapiiveiigesdnin a
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el ectro-active lenses in accord with another alternative enbodi ment of the

present invention. 5 Figure 13 illustrates a flying capacitor circuit to
provi de dri Végwel4 iage expiadedeipsstsecinpaliiaw f angleelrp-artva legsdit i ve | ens

of the pr%?q%\?é V\%ifﬁvaﬁ%ttl%%ter%w ém.omd?ﬁ%&%?gw&%ﬁ of an

el ectro-a ens o € present ‘1nvention i 0 conposite |ens
made up of various conponents, including optically transm ssive material,

e.g., liquid crystals, that may have variable refractiye indices. The
vari afl e f oEUBShi§EhSdEEIOTRSERUANBHNIGW ¢ “@l)‘?&ﬁﬁTaé;, 'Vﬁiﬁn%ﬁ“ﬁ%& ive

patter ns. i BRERS RbAMRGE SibIdIMAEBEUR plikofl RGéigdps disposed on the

optically transmssive nateria The diffractive patterns is
refract light entering the optically transm ssive material, thereby
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electro-active lens in accord with another alternative embodiment of the

15 present invention.

Figure 7 illustrates exemplary power profiles of an electro-active lens in

accord with another alternative embodiment of the present invention.

20 Figure 8 is a side cross-sectional view of an electro-active lens that
provides near and intermediate vision in accord with another alternative

embodiment of the present invention.

Figure 9 is a side cross-sectional view of an electro-active lens that
25  provides near and intermediate vision in accord with another alternative

embodiment of the present invention.

Figure 10 is a cascade system of electro-active lenses in accord with

another alternative embodiment of the present invention.

30
Figure 11 illustrates error quantization produced in a conventional

cascade system.



el ectrodes apply voltage to the optically transm ssive material, which
results in orientation shifts of nolecules in the material, thereby
produci ngva oshzege in index of refraction, this change i RCrn$ex3wds
refraction can be used to match 20 or m smatch the index of the liquid
crystal with the material used to make the diffractive pattern.. Wen the
l'iquid crysFigure 1|2ntlles¢rates ehesquialaiizabrbntéilmmdiddfb)aatcas«iad:msysé@'mspfnnt eri al

t he dlffractlve ern has no oplca r and t ft | ens has

t he focale@‘étiﬁraﬁ Sreﬁ*'éacwﬁé/v'% gﬁ@ ?WXGW @? tB% of the
liquid c&ég&l‘ ihe méﬂmtched fromthat of the materi al used to 25 make the
diffractive pattern the power of the diffractive pattern is added to the
fix power of the lens to provide a change in the focal Iength of the I|ens.

The variabl e refractive i ndi es ma vant ageous| ns user to
changé the %et@" uﬁg@tpg@dymgc@aqig{,glrgw% PrIQVYde \%&cﬁﬁg%f ocal view ng
di st anceﬁma\?éfSrm%VEo Bnidihenis®ian éTQ@tr@-'a@ﬁ{/é ferCafithe presemt imentibso reduce
or 30 elimnate birefringence, which has been known to be a problemwth
some |ens. Exenplary applications of an electro-active |lens include

eyegl ass rl’r|1_ b RRIPTIBN O S bi nocul ars, and any ot her optical device
t hr ough MK 3 WD 03/ 032066 PCT/US02/ 31795  Fi gure 1

shows an ermpmghdtients ofdn eleztbratiaetiénsof respresenttinvertion mhy teea pr esent
i nvention. This enbodi nent includes two refractive cells that may be used

to rgwuclepczmpeaﬂterﬂﬁnatrea% HBOf VAR eomRonaRts; Kieudingiapticallyactive 5 cell's
ma e a .
y tl".ﬂ%qﬂs?fv'e geral é.@,ﬁ@ggi @H%Qu%, tﬁqth%er\giw%wﬂ/&mten al is,

by way of”exa nemdt | crystal, reduci ng or
el i m nat lmqlceehe‘r Ha waa‘raidlengmattengtmgl bleypronisledl, fcgrm@mplqmw crystal. This
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and, hence first refractive cell of electro-active I ens 100
may i rcl utdaérast bightrendesng 1t opticaly transuisaive maigialsthereby preguciagd | i qui d

crystal %20 Mg goiégpra(%@@ Sd FehickevSstidie WedIGHnd-#hL1 ve ens 100

may | ncI

electrodes apply voltage to the optically transmissive material, which results
in orientation shifts of molecules in the material, thereby producing a change
in index of refraction, this change in index of refraction can be used to match
20 or mismatch the index of the liquid crystal with the material used to make the
diffractive pattern. When the liquid crystal's index matches that of the
diffractive patterns material the diffractive pattern has no optical power and
therefore the lens has the focal lens of the fixed lens. When the index of
refraction of the liquid crystal is mismatched from that of the material used to
25 make the diffractive pattern, the power of the diffractive pattern is added to
the fix power of the lens to provide a change in the focal length of the lens.
The variable refractive indices may advantageously allow a lens user to
change the lens to a desired focus, have bi-, tri-, or multi-focal viewing
distances, etc. in a single lens. The electro-active lens may also reduce or
30 eliminate birefringence, which has been known to be a problem with some
lens. Exemplary applications of an electro-active lens include eyeglasses,
microscopes, mirrors, binoculars, and any other optical device through which

a user may look.



alignment | ayers 137, 145, and liquid crystal |ayer 140. Separator |ayer
130 is may separate the first and second cells. Electro-active | ens 100 nmay
al so i ncwodg/osoent and rear substrate conponents 105, 15PCThSomens whi ch
the two refractive cells may be disposed. Electrodes 110, 125, 135, 150
may apply voltage to liquid crystal layers 120, 140 to produce the
variable refractive indices. 20 Front conponent 105 nay possess a base

curvature fqr, produgin di stance visiaon in elegtrp- [ 100. Front
conponent 18%9%9550""%&5196 EBW@QP%&?@%%%%@"%%Egﬁ"@%g‘r a

conbi nat g8 g‘?és&#t%?erﬂraﬁm. PH1As ehtbodirhent iIB¥RIBBEGwo FBfab@akcdlk thaont conponent
105 may be coated wth a 25 transparent conductor such_as ITO . tin oxide,
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sol ely p!tﬂp@dg@\f%kaﬁfpﬁbﬁé A6inadc #Gid \ceystal, dereby Iredscing 0r eimmatingi ze power

consunption. 30 Electrode 110 nay be coated with align nt_Iaa/er 115 to
provi de theihiiefringence ereptesubyithergligngf lidkideerystad okhig #pnRadiney ar i abl e

my. chandiat Rpvd Fegied oAl lo prhiir R BRHE TR RIS Aol 11 2ver 120
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Drug HousgignieéitHayers 137, 145, and liquid crystal layer 140. Separator layer 130
15 may separate the first and second cells. Electro-active lens 100 may also
include front and rear substrate components 105, 155, between which the
two refractive cells may be disposed. Electrodes 110, 125, 135, 150 may
apply voltage to liquid crystal layers 120, 140 to produce the variable
refractive indices.
20
Front 6omponent 105 may possess a base curvature for producing
distance vision in electro-active lens 100. Front component 105 may be
made from optical grade glass, plastic, or a combination of glass and plastic,
for example. The back of front component 105 may be coated with a
25 transparent conductor such as ITO, tin oxide, or other electrically conductive
and optically transparent materials, to form electrode 110. In embodiments
where the electro-active area of the lens is smaller then the entire lens
assembly 100, electrode 110 may be solely placed over the electro-active
area of lens 100 to minimize power consumption. |
30
Electrode 110 may be coated with alignment layer 115 to provide
orientation to liquid crystal layer 120 or any other variable index polymeric
material layer. The molecules in liquid crystal layer 120 may change their



10 Anot her alignnment |ayer 122 may be di sposed on the other side of |iquid
crystal layer 120, typically over electrode 125. El ectrode 125 may, be
produced W 0a/033on6 | ar nmanner as el ectrode 110 and rmay conpCettsonsgItel | of
el ectro-active |l ens 100. The driving voltage waveform may be applied 1s
across electrodes 110 and 125. After separator |ayer 130, the next cell may
be di sposerbriatisn inhthe presesce ofarrnagplmﬂ elgacmoabh@d fG’Sblllﬁﬂg‘llé g ¢hangecel | .
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froman o |ca grade plastic, such CR39T Iass or other_ polyneric
mat eri al sExé'mplaey eematwmasee:m@ttabrm@ludeﬂ IPGH'étyl %e‘i)@ﬁ\@bmelnﬂ ©CR)ef er abl y
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al i gnnent Iayers 137 and 5 in the second 1. The second cell nay al so
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conponent construt mat er i Is as front 30
conmponent DhﬁgSHaugewber@stess a curvature that conpletes the distance
power of electro-active lens 100. 5 WD 03/032066 PCT/ US02/31795 |If the
di st ah®¢e power of electro-active lens 100 incl udes astigmatic correction,

ei ther fronty d properly
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oriented reI a gmatic correctlon that the |l ens wearer needs.
5 In an abtystahidyer d@0f tmm&llylmnereiecyndgﬁé%llilgﬁmm 1P8yeay hey be used in
each cel |
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electro-active lens 100. The driving voltage waveform may be applied

15 across electrodes 110 and 125.

After separator layer 130, the next cell may be disposed such that it is
orthogonally aligned from the first cell. Separation layer 130 may support
electrode 125 of the electro-active lens’ first cell on one side and electrode

20 135 of the electro-active lens’ second cell on the opposite side. Separation
layer 130 may be constructed from an optical grade plastic, such as CR39™,
glass, or other polymeric materials. The electro-active material in the
second cell is preferably aligned to the orientation of alignment layers 137,
145 applied to the electrodes 135, 150. A preferred orientation may be such

25  that alignment layers 115 and 122 in the first cell are orthogonally oriented to
alignment layers 137 and 145 in the second cell. The second cell may also
include liquid crystal layer 140 as described above. The second cell may be
completed with electrode 150 deposited on rear component 155. Rear
component 155 may be constructed from similar materials as front

30 component 105 and may possess a curvature that completes the distance

power of electro-active lens 100.



| ayer 137, 145 may be renpved fromthe second cell. Alternatively, if io

el ectrodes 110, 125, 135, 150 have an orientation, then electrodes 110,
125, 135y013032ey align liquid crystal |ayers 120, 140. Pemamso2/ad7bs
alignment layers 120, 122, 137, 145 may be renoved. Optical power can be
produced in enbodi nents of the present invention 15 by creating

di ffracti velfia¢ tistaveeopowareofelektrsactive tensf100 ipaludes gstgamatic 105, the front

by cr oat (9GNP AT BT gPTBRENL A00 5 el bHerBRdeodfL BRaICe, ©l ayer

130 i nst eqgh @@peﬂg ofiBnfficldtR@ tbahe Hstifmage cureptidrt Biatshelensed on
conponents 105, 155. In fact any conbi nation of placenent of diffractive

20 patt erwsardeneedded above i s possible and considered within the scope of
the present invention. Diffractive patterns can be created using a nunber
of techniques including machining, printing, or etching. Wwen diffractive

patterns ar g 4gafernite b@nﬁ’?tﬂéu@ﬁ, 4 BRghptligraheritdaper, mby el ubetripst al | ayers
120, 140 can be used to nmatch the refractive index of _all the layers in

I
order to eadecallhelmitis embedisart; eitoer aligament1ayert] e18§tm%}‘ €in one index
state, and ' . r I Ve i ] ' |l i ; in order to
eveal tHEMSBEATOR gt Bl B SR AuvpIEA 100 ofifoitbiop ANGRER | 0 OFc
wher e eadbyst t87% 1a%ymbyg beekimmeddyomitee BecoricheelBoAlpmiatieelyyibl t age (or
electric fleld) is on or off. Figure 2 sh an alterpate odipent of an
el ect 0o- RIEF Qseﬁﬁo’i"r?&é%éoﬂég\'ﬂ%f’ﬁ %@‘%ﬁ%@%?“?’h@@ﬁﬂf’ﬂﬁ? ‘?Erﬁ‘ gé“genbodi ment
I ncl udes t QR G U L A aligpmentdoubl e |1 qui d
crystal c@?#’ol%)dhg?%gﬁme'ﬁ@gwﬁ%l%\%g@lﬁze(ﬁg%i ﬁgigﬁ%lng dlig?'fractive patterns
for produeyers 124,128 ¢36pt4Triaydeaveamovidd.s enbodi nent nay be used in

eyegl asses, for exanple, to provide variable optical power throughout the
entire lens. This enbodi nent may al so advant ageously 5 alleviate problens

associ at ed \Wdtiaal5oWer S Bégﬁbd:jly@bd)ﬁhtérﬁbditﬁniemsiﬁf thleqeresent iavéntion | ens,
e.g., oblique electric field lines mer substrate biref r,w(ggnce, and

di ffitul thy onfealtiegsiiffraﬁﬁmeattemsmfh@ﬁ;l isygfaceqifost cogpoger al
the front surface of rear component 155, or both. Optical power can also be
produced by creating diffractive patterns on one or both sides of separator
layer 130 instead of, or in addition to, diffractive patterns placed on
components 105, 155. In fact any combination of placement of diffractive

20 patterns described above is possible and considered within the scope of the

present invention.

Diffractive patterns can be created using a number of techniques
including machining, printing, or etching. When diffractive patterns are used
25 to produce the optical power, liquid crystal layers 120, 140 can be used to
match the refractive index of all the layers in order to hide the additive power
of the diffractive pattern in one index state, and to mismatch the refractive
index in all the layers in order to reveal the power of the diffractive pattern in
the other index state, where each state may be defined by whether the

30  applied voltage (or electric field) is on or off.

Figure 2 shows an alternate embodiment of an electro-active lens in

accord with the present invention. This embodiment includes a construction



el ectro-active cell 200 may include front and rear substrate conponents
105, 155, electrodes 110, 125, 135, 150, alignnment |layers 115, 145, liquid
crystal IWOloagsaos6 120, 140, transparent conductor coated ®abdaisnzaseIR10, and
pol ynmer surfaces 220, 230. Front and rear conponents 105, 155, el ectrodes
110, 125, 135, 150, alignnent |ayers 115, 145, and liquid crystal |ayers
120, 140 ofeydqié tiquididystahcelh200 ofanietavtrosactiiedensnscluditged of sinil ar

material s, as those . in Figure 1. In.this odi nment,, .front onent 105
may be- ¢ i@t pRtiarhs tanB i ing Vil Pl oS s e BodiBeRI

El ect rOdemé%ge%\édtIﬁ edlade fob exéﬂnbw?'f@?h\)i@é/ Q4ridBiB-opticapalver yst al | ayer
120 may be jacent to alignnment layer 115. As in Figure 1, nolecul es of
li qui d cripssughoubther entire lers: Thisrgrabodimené mayoalse adyentagepHslyhe presence of

an applied, electrical field. Pol [..sutfac i N ~a diffractive
| ens patt lreH'ag‘?E’ eIg}s asspaipiy tﬁ%ugqﬂ@ff@%c@v%?p%ﬁt%%s nﬁé%%itrﬁ)he

di f fract i yivedAL gy 9 BbhGUe BRICtricHiElf diaes, 2y shisstfate hefirgmincs a
diffractive pattern etched or stanped on 25 a surface of I%éw d crystal

| ayer 120candliffiouity @ lansscoraponentdadex eatching. dpyhie liadigrenyetel 220 and f or ned
from e.g 10, .. ' | hi n
substrat eelﬁﬁ%?'gﬁ%@egéﬁ gﬁ]ﬁi%ﬁ%}?@/g%fﬁ@zﬁngﬁga %ﬁ?ﬁt%}gﬁig@ﬁd or%%(g%ﬁ]? al mic
grage pl aﬁ@g&@emh r’lalf1()$125013'ﬁy15m alighmenht layges1¢ 5 f 14 lighidearystatle 135 may
e deposited on the other side of 30 substrate 210 .and forned from e.g.,

| TO. Fol yiguerssialh 440, YapspRIENHEORIH grqua??ci,sggg@]ipﬁ 'fé‘g.pr@ﬁp?/rrrer sur face
230 may i ggl%P}i'ngractive | ens pattern etched or stanped into a surface

7 WO 03/0 2/ 31795 of polynmer 230. The diffractive pattern of
pol ymer surface 230 nmay be placed against the liquid crystal |ayer 140. As

in Fi 1 | ecul f 1iqui | 0 t hei
or i entat § on FOATE 5 cOmAnste,f08 148 BlagBt oL 1PBY 1805, | Grnent
layer 145t 18)er805180 128, AReliGuiglcpstalagypersSR0, Buoahapperfohl may be

adj acent to alignnent |ayer 145 and eposited on rear conponent 155 to
conpl & e siouiBr Binctigns andbeseenstaicied elgsimilar materials as those in Figure 1.

In this embodiment, front component 105 may be coated with a transparent
conductor to form electrode 110. Electrode 110 may be coated with
alignment layer 115. Liquid crystal layer 120 may be adjacent to alignment
layer 115. As in Figure 1, molecules of liquid crystal layer 120 may change

20 their orientation in the presence of an applied electrical field.

Polymer surface 220 may include a diffractive lens pattern etched or
stamped on a surface of polymer 220. The diffractive pattern on polymer
surface 220 may be fitted against a diffractive pattern etched or stamped on

25  a surface of liquid crystal layer 120. Electrode 125 may be adjacent to
polymer surface 220 and formed from, e.g., ITO. Electrode 125 may be
deposited on one side of thin substrate 210, made from, by way of example
only, glass or ophthalmic grade plastic. Substrate 210 may be
birefringence-free. Electrode 135 may be deposited on the other side of

30 substrate 210 and formed from, e.g., ITO.

Polymer surface 230 may be adjacent to electrode 135. Polymer surface
230 may include a diffractive lens pattern etched or stamped into a surface



active cell 200. PMVA (or other suitable optical polynmeric material) nmay be
spun-coated to in a range of 2 to 10 mcrons thickness, wth a preferable
range of W80t08/032066ri crons, on both sides of substrate 210 aCTaro®swesrodes
125, 135 have been deposited on substrate 210. Additionally, liquid
crystal alignnent surface relief (not shown) in a form 15 of sub-mcron
grati ngs ofeyolyrees23dpdtediffetctine pattatroofdidlymeat suiface 838 -mawbeer ned surf aces

220, 230. There nmay, he pany ad t ages,{ O | S di t. Figst,
el ectr ode@'aceﬁﬁgaTéEH’lﬁ]'&i’éi’%&&fﬁ\@gﬂ%&m %%&E@%ﬁgg ’ Hﬁ%“%ﬁ‘{ ain
per pendi Cyd\ad crysts] 1811 hﬁ?‘i‘:h@hgétﬂﬁéiﬁofiéﬁbﬂoh iméfe preseppesf ag el ectrodes
110, 150. This ‘'may overcone fhe de-focusing phenonenon of oblique E-field

l'i nes Er eamgl'tedi electdesl fipld. Whlignmentdaygratddnmmaydeadispesed ardhg)l aced di \rMe10t |y
. . T ¥ :
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di ffractiygpdsies cifdareBmpotienpt 65 &0 tomplate lddubldiuid erystalesiycttal tilt
angl e at these surfaces upon the application of an electric field. This in

turn nay 2e®@ qeli20Q.-he appearance of a second "ghost" focus in the
On-State, thus degrading the performance of the electro-active |ens.
Enbodi nents of the present invention may overcone this "ghost" focus. 30
Second, the RMFIAo(oridiiter suitable wptidal polythericanbiariit) may bet spun-caatedr ovi de a

| uti to th t chi )f th f ti, i i foli j tal |
120 18 A0 R AR Ot 1@ A nerRdbIcaeS N apEsTerapie frnoe 3E8 % Enas pat t er med
pol ymeri Cpy; &y HOF88s Bﬁgﬁ%@é@%%ﬁer%ﬁﬁﬁfé@% 28] 1383 hve Dtléh, Where

transparent conductors are Irectly over the diffractive pattern

and i ncl udepodiimd arxauipsteate 9101 TO coating (nl TO 2.0), the transparent
conductors may not index-match the liquid crystal's ordinary index
(typically nLC = 1.5). This can make el ectrodes 125, 135 5 visible to the

naked eye angidmicRn! liquid cORstanlignitert Barfaes m@idf (netugHovin) infa form
15 of sub-micron gratings may be stamped or etched onto diffractive lens-
patterned surfaces 220, 230.

There may be many advantages to this embodiment. First, electrodes
125, 135 underneath the PMMA layers may help maintain perpendicular,

20  non-oblique electric field lines to opposing electrodes 110, 150. This may
overcome the de-focusing phenomenon of oblique E-field lines present in
designs where transparent conductors are placed directly over the diffractive
pattern. The de-focusing phenomenon may occur when the oblique field
lines generate an oblique electric field near the diffractive lens surfaces,

25  preventing a full 90° liquid crystal tilt angle at these surfaces upon the
application of an electric field. This in turn may result in the appearance of a
second “ghost” focus in the On-State, thus degrading the performance of the
electro-active lens. Embodiments of the present invention may overcome
this “ghost” focus.

30

Second, the use of the inventive buried electrode structure may provide a
solution to the matching of the refractive indices of liquid crystal layers 120,
140 to that of the contacting substrate, in this case lens-patterned polymeric



the el ectro-active lens. Accordingly, in the enbodinent of Figure 2, liquid
crystal layers 120, 140 may now have a matched index to the PMVA

subst r at ewowhiogteéray be (nsub = 1.5 ), thereby "hiding" elPettusodas9i2s5, 135
fromview 10 Third, using patterned, spin-coated PMVA on a
birefringence-free substrate, such as glass or ophthalmc grade plastic,
may be ussudfaaes2A0; @30t Hdus; viesertrahspanest 6@1@@%@@@@@@:&6%& is, the

Spun. coat oo AFRRMEEpat Rt Robie: BRI A 1o BAEHRS Kire '3 chows

anot her r | | IO ' | : ord with the
pr esent ?%\bgntﬂlgg%n%p%%%ggﬂg%@g&? H@S{tlﬁﬁbé}%@ﬁ&tifﬁgp gc ild\l/grys?agéi on of an
el ect r o- agidinvary limdex @gficaliyvers=onby Fhipeahimakeoélectrodesaas, 136 s 20

enbodi ment may be used in bi-focal eyeglasses, for exanple, to provide a
vari ald e visibtextt theenakedesye andprgsent paroblem with tive coemetic gualitygiire 3, | ens
300 inclydes dual cells a mul.tiple layers, .as in.Ei gur . .the | ayers
may be dinegRISEFP-REIYE IeNnse Ldingys NG %@%WW%F'%E%é%lf'dconponents
105 a“d.érgétm IRBRE G20 VRAY majasis hase 30Ratchid indox Reme™mie e the |ayers,
25 allowng thelayers to be’easily sealed in | ens 300. Conponents 105, 155
may be maskbstraten whiak snay be g hat i), ireraby pridieg electredesxizdpl 35

Enbodi nents may include a fail-safe node, in which the el ectro-active |ens
reverts t®om YifWno, unmagnified state when voltage is no | onger applied.
30 As,such, the electro-active |lens provides no optical power in the
absence of electrical power. This node is a safety feature for instances
where the [dtiel, usimgatteiaed,sspig-coatcoi3P 066 sHamftimgai@Ees I n an

enbodi nent of the present invention,.the chronatic aberrations in the cell
b hitifinic Jae HIge: Mayis Ued 1o 5o

may be r eSHRILERLS SUFDATIIRRY o518 vel engt h
slightly 2bldn 8N s@hsthate lbi@Rinddre@nMhaa e thd substhae igelfimdybe a

wavel ength slightly shorter than green light. In this enbodiment, the two
cells relatively free from birefringence and the thin, spun-coat PMMA may also

15 have negligible biirefringence.

Figure 3 shows another alternate embodiment of an electro-active lens in
accord with the present invention. In this embodiment, the electro-active
region of an electro-active lens 300 covers only a portion of lens 300. This

20 embodiment may be used in bi-focal eyeglasses, for example, to provide a
variable refractive index in only a portion of the lens. In Figure 3, lens 300
includes dual célls and multiple layers, as in Figure 1. The layers may be
disposed within recesses 305 and 310 on front and rear components 105
and 155, respectively. Recesses 305, 310 may accommodate the layers,

25 allowing the layers to be easily sealed in lens 300. Components 105, 155

may be made from glass or ophthalmic grade plastic, for example.

Embodiments may include a fail-safe mode, in which the electro-active
lens reverts to a plano, unmagnified state when voltage is no longer applied.
30  As such, the electro-active lens provides no optical power in the absence of
electrical power. This mode is a safety feature for instances where the

power supply fails.



5 can correct both the birefringence and the chromatic aberration at the
sane tine. Wthout a significant difference in index of refraction between
the diffweaaBios®epattern surface and the |iquid crystal | @&genysorsigee may be
no power o0 contributed to the lens by the diffractive pattern. In such
enbodi nents the el ectro-active power of lens is created by the diffractive
pattern(s) tuanerhhodiment of trer presentinyeygtion,itke ahramalimabefraiionsdi

differencg, between the liguid cryst t A ' pattern

surf ace. t%@ q_q?lgry% bg rgﬁgg\%@g}quﬁ@!ﬁ%ﬁhﬁ?ig@mﬁ%?%k "éﬁﬁ%’i"?‘%‘- active lens in
accord  WyhlelcRBtHPSIRMEPIondreRAh gﬁeeﬁ ghthes0embadd trabthdrivelidbest r o- acti ve
region of electro-active Tens 400 is encapsul ated i.n casing 405 and covers

onl yI a pwav?I@ngﬂf slightly shoder thansgeepdighten thigembadigient the d¥oick!I$ - f ocal
| ; . _ ki . |
o Dors onenPOlrRE e phSroBHGS ud 118 ch RS fbolon & g 0 o1 Y @

I ncl udes f{ijment and rear conponents 105, 155, a casing 405, and electrica
connectors 410. Front conponent 105 includes a recess 305 and rear
conponent 155 includes a recess 310. The |l ayers of electro-active | ens 400

may be e“C%ﬁHéaéfgipgmﬁggﬁg@aﬁr% infThas of r%ﬁiacfg@gasﬁ,&éémr@lo made from 25

t ransparent ‘conduc aced on a thin stic strip and connected
t o casi ngdiPactivehmatigrastifacs tndghediguidecrystst layer, thiene-may diestb powebnponent s

105, 155. Vol. i ed, i 405 th h el j |
Somnelt o conibuiad & e ens bR e e e nattariin sheh iRt "
el ectro- a%fe'g’tﬁg)aaétﬁ@!&Wer%?%ﬁ!ﬂis@éaﬂéﬁ%%eﬁi%,@ﬁvé)pht»héﬁﬂs)r,@Qﬁéﬁl s 305, 310.

30 Encapsu casing 405 may al so be 'nol ded into a semi -finished bl ank
that maywhbendbefeisedsigoifiganicamnpunt ofi isdex difefrie: bepvees tha liquid y

encapsul at ed, ,casi o) I in recess 310 of rear conponent 155
whi ch couPWStqlﬁr@rtHggﬁgraP@%gg@%&ﬁfrgaqi%ck casing 405 in place and conplete
the desired 10 WD 03/032066 PCT/ US02/31795 distance power. Casing 405 may

be made of plastic, glass, or other, suitable optical grade mat gri al and
i ndex1frat chdugute 4 Bhows Bngtherambegigien pf an electro-active lens in accor

with the present invention. In this embodiment, the electro-active region of
electro-active lens 400 is encapsulated in casing 405 and covers only a
portion of lens 400. This embodiment may also be used in bi-focal
eyeglasses, for example, to provide a variable refractive index in only a

20  portion of the lens. In this embodiment, electro-active lens 400 includes front
and rear components 105, 155, a casing 405, and electrical connectors 410.
Front component 105 includes a recess 305 and rear component 155
includes a recess 310. The layers of electro-active lens 400 may be
encapsulated in casing 405. Electrical connectors 410 made from

25  transparent conductors may be placed on a thin plastic strip and connected
to casing 405. The plastic strip may be mostly index-matched to components
105, 155. Voltage may be applied to casing 405 through electrical
connectors 410 in order to change the refractive indices of the electro-active
region. Casing 405 may be placed between recesses 305, 310.

30  Encapsulated casing 405 may also be molded into a semi-finished blank that
may be surfaced to a desired distance power. Alternatively, encapsulated
casing 405 may be placed in recess 310 of rear component 155 which could
later be surface cast to lock casing 405 in place and complete the desired

10



conponents 105, 155. 5 Figure 5 shows another alternate enbodi nent of an

el ectro-active lens in accord with the present invention. In this

enbodi nerwp oat3mbect ro-active lens 500 nmay be forned by pcaaisey3ens

el ectro-active |l ens capsule 505 into a recess 510 on top of the

el ectro-active lens' front conponent 525. This enbodi ment may al so be used
for bi - f ocligtaesgepowes egasingrd0sxaayibe, made of plastiovglaes..onathensitablef r act i ve

Fogi on ey epeirERE i anE et iachBa sl s B Bl 00° he T ene to |
create a eefigomeptss1@dirfbace. Thin film conductors 520 may be attached to

| ens capsul e 505 and electrically connected to a conductive contact 515 on
the surface of front conponent 15 525. Rear conponent 520 may be attached

ol cct 1o act | GO0 EnerRe spotaehal SR bPdy AP BRI et 525

t he f][ont asuofdawith tHe ﬁ?]neeent imanﬁmﬁntndth‘&émmaﬂini?wtsanlemtltmaa@e Iélas ]tcaxialrrplje,
a surface sting technjque wt i ndex matched material or sinply fille
Wi th i ndefORdeY e aamed Y plaging 20 giRfticshelyerlsnarappHle o0 info@ sh. " Thi s

LT UC Ure B ARG RILGURLYI KB BREAGBmRRitlsby. TRRSE of edai ng

and fitting 1nto a lens frame, and ease of electri connection to the

el ect r o- aemhaglinmentmiaglalsa be aiddd tfoobi-fooalreyegtassgs oior exbmpleydoi ng
birefringence, 25 Figure.6 shows, an enbodi nent of el rical. concentric

| oops ¢ haPTRgge B‘é’ar@gﬁ% riegr&cfi\se mdt%t"r"@?@p?i '%&é??%gﬁbn "é?h'%l ectro-active
l'ens in agacimeht) thd8lecROARENE regivhthaPBe praet 6 (6 ot HRMAd C | oops 600
may be the electrodes wused in an electro-active lens to apply voltage to

the | ens. tit seslaghonto thedensite greate a candipyoss eurage.b&hipddm i oned in pl ace
of electr S L. gur=e -6 enul ate a
diffracti \((}gﬁ%lé%tg) gsr %éc\fmﬁ}w]%n?g%é}oe%qg P%ngglggé%?ﬁmﬁﬁggﬁ%%ﬁzppl ng. Phase
wr appi ng icenaegtedno aropductiverborstact 5€5 dh tNOsOFaEBBOEONTFEShpEEHt31795 phase
of the light is repeated (or "wapped') at various |ocatigns or zones
15 25. Rear component 520 may be attached to front component 525 to help
provide a desired distance power. After electro-active capsule 505 is placed
in recess 510 of front component 525, the front surface of front component
525 may be sealed using, for example, a surface casting technique with
index matched material or simply filled with index-matched material and
20  polished to an optical finish. This structure may advantageously provide
mechanical stability, ease of edging and fitting into a lens frame, and ease of
electrical connection to the electro-active material, in addition to reducing or

eliminating birefringence.

25 Figure 6 shows an embodiment of electrical concentric loops that may be
applied to electro-active material in an electro-active lens in accord with the
present invention. Electrical concentric loops 600 may be the electrodes
used in an electro-active lens to apply voltage to the lens. For example, in
Figure 1, loops 600 may be positioned in place of electrodes 110, 125, 135,

30  150.

In Figure 6, the loops emulate a diffractive pattern with integer multiples

of 21t phase wrapping. Phase wrapping is a phenomenon in which the

11



along the electro-active lens dianeter. The patterned el ectrode structure
600 i ncludes four (4) phase-w apping zones. The nore central el ectrodes
610 may bwotobiosdeeds t han the el ectrodes 620 further fromtReTaSNY/&1795 As can
5 be seen fromFigure 6, a group of four el ectrodes 630 nakes up each
phase-w appi ng zone. Wile four electrodes are used in each zone in Figure
6, nore @heaect ofties lighins bepested (om‘vwwapped'd s vanoustocatiers 0hgonRgs i cal

efficie f, the device. jo The f | ect f odes | be f
bt or nedise Speo et (phs drmetiiecietnE) Al SR o and "o
solid OneRp itﬁﬁgdéﬁwﬂ% Bﬁéé@wggpiﬁb%hégdeﬁhérmbrb%enﬁarﬂe|bctr@kﬂésher the

focusing o ectro-active ens to conpensate for strong chromatic
aber r at i @10 mddibei thivker thantthe sleciradasi dthiu fiomviiedeetier &8didht i al

cont att < beaserchm 5 0R 8 SIFRlREh b plEc Pk PROHANE GoBARY N ESTes o
conducti \ﬁha%bfvi/r@%lpﬂig rdiee. epllfle Fbut Bleciredss are lisediins@ichafonecionduct i ng vi as

down through the Iens. The el ectrodes 600 may be 20 pattﬁ\!rﬁned_ ir ei ther or
both of tHigurevth roerd elegirodeshcambe|used.in each Zgpgito dngreaseithg epficalt s al so

possi bl e . cel)J wth diffractive patterns and one cell wth
patterne(?tf@(f'gri@rgf;@g cgéo\}"feOng as the powers are matched enough to address
the birefringence. 25 When creating a diffractive pattern with concentric

| oop el ectrodes 600, a refractive nmaterjal activated by,el ectrodes 600 may
inpreéds a pﬁﬁ@éourt?'ﬁﬁg@@ﬁﬁﬂﬂttﬁﬁﬁﬁﬂfpm?yaﬁ? #%ipagﬁmaqt%ﬁs' v@lgeé'.”aéﬁ%s _
embodi e o SBHRES HAE beGRBNERERLNE B8 sblid BAESI Theldedbngt ruCt Ure wi th

vari abl e phase retar ton fromthe center of the structure outward. The
vari abl e piteseed etentrodes omaydioe pagd e dibentgl fostsiag bY theglegirergctive i abl e

| t to diff t_electrod 60 ich. i . dify th f i
! ndex_pr 060 B GompRBsaRE S ShioRatin T dior AdRondBE Y LT Cat & e
may provigRbs@inkNehay provite Bl seguientiad fOMRSHY SBSARA WIEHLUBORPRK795 active

material in the absence of applied voltage, so the electro-active |lens
15  electrical interconnects.

Electrical contacts (not shown) can be made to the electrodes through
thin wires or conductive strips at the edge of the lens or by a set of
conducting vias down through the lens. The electrodes 600 may be

20 patterned in either or both of the two cells within the lens. In a dual cell
design, it is also possible to use one cell with diffractive patterns and one cell
with patterned electrodes so long as the powers are matched enough to

address the birefringence.

25 When creating a diffractive pattern with concentric loop electrodes 600, a
refractive material activated by electrodes 600 may impress a phase
transformation upon an incident light wave. This embodiment emulates the
conventional lens by using a flat structure with variable phase retardation
from the center of the structure outward. The variable phase retardation

30 may be accomplished by applying variable voltages to different electrodes
600, which in turn, modify the refractive index profile of the electro-active

material. An automatic fail-safe mode may provide no power in the electro-

12



automatically reverts to piano in the event of a power failure. The

el ectro-active portion of the lens may be thin, for exanple less than a 5
fraction wDoaosdobé i meter in total thickness. In order to &CTaiSn2/3119s
thinness, the present invention makes use of the fact that, for
S|nu50|dally varyi ng waves, phase shifts of 271 nmultiples carry no

physi cal asitigeirhaiesatio. therabeehee oﬁ\apnlsgd veltagepsadie efectiveadtivedensig | i ght may
be "w appeq" al Onl?y conveni e es W tFaéIn the Il ens. The circul ar

zone bourfiematicy 'E@(@rtﬁlt%g 'Pq%r‘?é(eTgo ? RPWeh iU anpl es. Thus usef ul

phase transformations and significant optical power can be achieved when
the controllable throw of an electro- active lens is only a few waves of
retardat i onTh@k&le@tpaacwe pentioataf de lests MAR bsﬁh@efqreﬁ@mw@ﬁﬁ? thantehe

ol i Sat (EApton s 2 R metdfat o) PR BORRRE e WIS BRRERE 9" o) cct v odes

600, whi GiteS@fit |h9eﬁﬂ|cﬁ13ﬁfaké$ g8k lof thefisbt dsatefbr siuiseidadly vangng siaabkj shed on
the interior of the electro-active lens. In an exenplary nenatic |iquid

crystal qthﬁsegshlﬁs obaT nwimles pa@rym@hw@al sighificeacanilnethar wardsa, | ght
t | th t al
b0l at 1 2 bnagem i LEoring liofihel tel JEphpELEohd saabhEdssed™ Y 4 ndem

rotated %N@@mﬁw iétlcRs. Whé&ﬁcﬁfa@@bﬁ@mhdaﬁes)bﬂmé ¢|as§wuzohbe| r
ordinary and extraordi nary directions of polarization, hjs el i mnating

bi r ef 10i ngdlatecareERxaMplPst Hays usshiil |P@@§§ttr3@ﬁ£°rma@9f‘§|@§das'% €Myl ar i ndex of
refractl acfbt%?sg?@% dah %B%chgé;\{@%ggﬁ&gﬁ%sbéﬂgﬁllsage {hiSw Ior A deGraist al s,

electric rirzatron and random transi ent

vol t ages adtiveliens puionly a et weess of etandaties, t he el ectrodes may be driven
wi th frequency- and phase-synchronized AC vol tages. Exenplary frequencies
I ncl ude 10 kHz and exenplary high voltages range from5 to 10 V,

preferably gy d’ﬂéﬁ'\/aﬁ&p’@%tﬁe EHQS@ ritardtionrin e é@cﬁo-é&%ﬂeﬂ@' tages are

desirabl e for at i | ow power. CMOS drive circuitry may be
used, 15s ucinaly Host determmeddaa&eduoretheepzmlcuias applicatipoy i tiee ¥adafinitsemBMdex

changes abe ldg esrmlneé1 by theoépatscu\{é) o% eleciLrodes 688/ YRehten e 6 Fé%%{m%%ﬁ)? 5

addressed, powered, and established on the interior of the electro-active
lens. In an exemplary nematic liquid crystal configureition, where the crystals
act as uniaxial media, light traveling through the crystal may be restricted to

20 extraordinary polarization. Otherwise, two liquid crystal cells may be used in
tandem, rotated 90 degrees out of phase from normal in order to swap their
ordinary and extraordinary directions of polarization, thus eliminating
birefringence. Each of these configurations provides a particular index of
refraction. To avoid long-term decomposition of the liquid crystals, electrical

25  polarization between dual cells, and random transient voltages in the spaces
between electrodes, the electrodes may be driven with frequency- and
phase-synchronized AC voltages. Exemplary frequencies include 10 kHz
and exemplary high voltages range from 5 to 10 V, preferably a maximum
between 6 and 8 V. Alternatively, lower voltages are desirable for

30  compatibility with low power. CMOS drive circuitry may be used, such that
electro-active materials may provide adequate index changes at less than 5

or 6 volts.
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I n one enbodi nent, phase-w appi ng zones may i nclude few el ectrodes, with
zones closer together. Alternatively, electrodes wth higher resistance
mat eri al way3lazoesed to snmooth fringing fields (so call edPCphme®E3wag”). |In
anot her enbodi nent, a second phase transformati on may be cascaded onto 5
the first by patterm ng anot her electrode 600 within the same cell, rather
t han usi ngln bneiemiodimentia phaseiwrappinggzanesinpy invludesfeveglesiipdes,

f ab hod, f | | f
ol udes "HbFPESE FiRgoR P AITRATIRY et R I EeRh TRt ens T
and mterﬁgf&?%‘?%%é ISePlsthbBAtRingiHy fid18s @é&@élréd%ha@e@bgqt jpads. A

second wi ndow nmay ‘be connected to electri cal groun I'i quid crystal
al i gnmantanczthelr smivagintentde pesone phase tanafonma onsnayHee paéc‘aadéiqi nt@o

appr opr| el ent ed. wi ndows na cel |
est abli s gﬁéﬁ% E\%ﬂ?ﬁh%%'eﬁrﬂ@%@gsa *WR@] a%ésrhg%gﬂé'%rt tﬁél ni ng 15
epoxy, quS,ﬁ?ﬁrgﬁlnw éaglgl cbﬁﬁiﬂlédé drodadtpneest abl i shed spacing with the
liquid crystals and sealing the wi ndows together with epoxy. The w ndows

may be laterally shifted to rrake el ectrical connection by si rrple pressure

attachnents o

interconnecﬁ%#%ﬁ?@bf%ylh%@g%e es atqr%hélgcf&é]%ﬁﬁvgﬁsoc?ﬁhﬁ rapﬂ‘uy with 20
CAD generigyggtidriciudebesistictingda \AMddwmgotmdled’epd:spattem ofethbriemmes may be
used. In an alternate deS|gn WI“@R}@ ers wth si nd cting

i nt erl0 e\ad BURICOBNESHNG NS Secijodns ?Jeﬁ’i/'ﬁﬁlocqr{ji?“etr i on crossi ngs.
In desig é&nﬁl\ﬁ@ybﬁmﬂé ﬁ@%nﬁ@@te‘ﬂ'tﬁ“élé&ﬁ@al Bﬁnc?ON'é%rliqﬁﬁj SRp¥tape 25 pl aced

at rTLI|tI es of Sistent wth conventlona (Ehase wrapping. So for
boundary qjlgnme\midayaeratmwbey!eansmed ohotiavindovs anthtreated. whe@pi ng is  given

of cct r odeAPPPPgIRLY EMEpted STERaE hiplcBe plade B TV EAEEH B4 1) can b
modi fi ed dQabhsify 934EIRg BeavESHT (HeSRHIBWEIRIth glass-spacer-containing

15 epoxy, for example, and then filling the established spacing with the liquid

crystals and sealing the windows together with epoxy. The windows may be
laterally shifted to make electrical connection by simple pressure
attachments to the electrical contact pads. The electrode and
interconnection patterns may be established using photolithography with

20 CAD generated masks. Developing, etching, and deposition techniques
may be used. In an alternate design, multi-layers with simple conducting

inter-level connecting vias may be used to avoid interconnection crossings.

In designing electrodes 600, the electrode zone boundaries may be
25  placed at multiples of 2z, consistent with conventional phase wrapping. So
for boundary placements at every 2mm, the radius of the nth wrapping is
given by the expression:
= [2nm(f)]*

(1)

30 Each zone contains multiple electrodes. If there are p electrodes per zone,

then Equation (1) can be modified to

14



Plnm2 k m(a,f)/p] 'r (2) k=[p (n-1) +1]=1,2,3,4,... (3) 5 wherel is
an index running froml1l to p for the intra-zone electrodes and k is an

i ndex whiwb 06082066 sequentially outward, maintaining the Pequsnzzl703

el ectrode boundaries as square roots of the counting nunbers k. To raise
adj acent electrodes to different voltages, insulating spaces may be
inserted between the el ectroglgs. =Th2 ksadiBipck” of el ectrodes may be
separated by to circles with radii increasing as the square root of the
counting nunbers. Al el ectr%ges with the sane index | may be ganged
together with electrical conhéctions shared between them since they are

I ntended to produce the sang et gr.datd on,, t hereby reducing the
f B30 ianl 457

nunber of different electrica ons' To’'thé el ectrodes. 15 Anot her
enbodi ment provides for setti a phase delay in an electro- active | ens of
the present invention with th“ekness variations. In this enbodinent, the
applied voltage to each electrode | oop may be tuned until the phase del ay

of thes | ewbera t isiarsinde rdeiting &@ny 41ta®. fondmintiangnge elpalpdesiarnd k3 | oops may

ol ay. n Fa s Gl LEaB EhERGERY Bh %) il Be' ueRpprfre = o Prese
el ect r odeglectiode poNAdaNEs 8¢ tfeaRNtoorot digesoamirg mumberstk.f Teraise zones.
Anot her enbodi nment {?row des for setting a different phase delay at the 25

edges of adirenst eleckpadesiodiferent Nolages ingidatingserzaesdnay gﬁémﬁ rays.
Qol i que r i S | Riar8d pynvari ably
travel og @V/ae?é&et[hﬁrﬁggﬁécﬁ%é ﬁﬁﬁée%j@%%fgég%%r Ié%w%/?%? he oﬁ*?gu rays

t ravelo f acirdles witt ratidimersasisgeb thaaguaterochobthe epirftingamtmigerphddle- del ayed.

In this enbodi nent he phase del ay may be sated for.by applying a
30 predet elesiTRdgs %Ws’i‘ﬁﬁ? 'Pgﬁﬁi rvdy PR gaBped Fogrbs Wi PI%"I'C@?{S edges.
Al ternati &&Nectwpg Plafsd h@YRENheh@int & Mse\PAGSRteHILd 36 PrbGuck thel t age drop
such that the refractive index at the edges is appropriately nodified to
same phase retardation, thereby reducing the number of different eléctrical
connections to the electrodes.
15
Another embodiment provides for setting a phase delay in an electro-
- active lens of the present invention with thickness variations. In this
embodiment, the applied voltage to each electrode loop may be tuned until
the phase delay of the lens attains the desired value. Accordingly, individual
20 loops may have different voltages applied constantly to create the
appropriate phase delay. Alternatively, the same voltage may be applied to

all the electrodes in a zone and different voltages applied to different zones.

Another embodiment provides for setting a different phase delay at the
25  edges of a lens of the present invention because of oblique light rays.
Oblique rays are light rays that are refracted by the lens and invariably travel
outward through the lens edges. Accordingly, the oblique rays travel farther
distances, such that they are significantly phase-delayed. In this
embodiment, the phase delay may be compensated for by applying a
30 predetermined constant voltage to the electrodes at the lens edges.
Alternatively, the electrodes at the lens edges may create a voltage drop

such that the refractive index at the edges is appropriately modified to

15



15 WO 03/ 032066 PCT/ US02/ 31795 conpensate for the phase delay. This

vol tage drop may be achieved by tailoring the electrode conductivity or

t hi cknesswamsosmségl y, for exanple. It nay be understood tPhatuset/zps odes
600 are not limted to concentric 5 | oops, but may be any geonetric shape
or |ayout depending on the particular application, including pixels, for
exanpl e. ddmapérsatetionthe sreasecdsay.c fTlds voltage dsopf may ibesadhiavedibyi t ati ons, by
el ectrical connﬁftlon a ration res ctions, and by the

d el d
conpl exi tialaring the,gleckp ?ﬁ%&gﬁ‘%;"%yeﬁé?wgﬁn?%ﬁ?c%ﬂ@Qiyr Fe@R®or of 1 quid

crystal directors with electric fringe-fields at small to dinensions.
Addi tionally, the layout of electrodes 600 nay be defined by the shape of
t he el ect r oliamay\be WIWErstdédqba‘eeléchrmdQBsﬁ(B&ae& nekkmitedto edngeiis profil es

for an enbodi nent of the electro-acti Ve, | en pre tion.
These How@PPPr n‘m@¥ bﬁeﬁpys%‘?%et”?@?’% %@&Peba%ﬁe%ﬁﬁ%@ Mg;ﬂ

el ectro- aghdieaties! includig a&eebﬁﬁrev@mﬂl@okh@gawuttm@y bemestrietetasnignd t o
provide interned ate power. In this exanple, an el ectro-active |'ens 700

i ncl udes by tbsication limitations, byeleeirieal qumadiian am@gcmﬂ%smratl@my of lens

cont or - pomeTiB G A st SEbiniedfoL ki bRy b Fin i RBEpiRste = ©1F

El ectro- alséhawoﬁ@ﬂ llquid Brysesl direelovs avith él@dfthcdﬂlngalﬁelels atsrrmll?ll an
i nt er medi at e power zone 712, and a one ovver

brof | o raSrarsians: rAagoRaIbA R eyprbe PacBIcs pad Frey. bt dRGasctay ey 1o,
Si nce celé Jéle?ﬂm %8011?(5 %@W@% \én th either di ffract ive elenments or discreet

pi xel | ation e ac power profl | e may not be perfectly snmooth such that
there may be sli ght di scont| nui ti es between adjacent elenments or pixels. In

one enbodi t, c zone 7 nost .posse desired 30
addi ti on p% 'Hﬁ at?é? ]'%0% BO‘QGVHFH%%@F%‘?’H!’%"'B\%?ﬁ d width of
10 to 15 ar@btrybaewg 1648 BRI dreSentGRion? cmesé prvve? prétlies ARYis¥ree zone 712,
whi ch may be a power transition area from 2 mm wi de, with a

pr ef ets ediwad gutposes3 to belp hide thmele@érmmtlvefcallrff@n eecRhsesverdprking at may be

the lens wearer and to provide intermediate power.

In this example, an electro-active lens 700 includes a distance-viewing
portion 705 that makes up a majority of lens 700 and an electro-active cell
20 portion 710 that is placed in an off center position with both vertical and
horizontal de-centration. Electro-active cell 710 may include a central
power zone 711, an intermediate power zone 712, and an outer power zone
713.

25 A power profile 715 illustrates a target profile for electro-active cell 710.
Since cell 710 may be produced with either diffractive elements or discreet
pixellation, the actual power profile may not be perfectly smooth such that
there may be slight discontinuities between adjacent elements or pixels. In
one embodiment, central zone 711 of cell 710 may mostly possess desired

30  addition power and may be from 10 to 20 mm wide, with a preferred width of
10 to 15 mm. Moving outward from center zone 711 is intermediate zone
712, which may be a power transition area from 2 to 10 mm wide, with a

preferred width of 3 to 7 mm. The center of intermediate zone 712 may be
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16 WO 03/032066 PCT/US02/31795 approximately one half the desired reading
power. Quter zone 713 may be 1 to 10 nrmwide with a preferred width of 2 to
7 mm and way3bsoesed to provide a transition fromintermediraise2/zone 712,
havi ng hal f addition power, to distance-view ng portion 705 where the
power becones the distance 5 power. Another power profile 720 illustrates
anot her eamndi(immtelyajneahalétha)desir(adiNee\d'tngln)oweﬂ Quiet rone éhbowiyilent , central

zone 711 ke U Z prefer bly, be between 10 and

20 nm wi dﬂ?%?' W e."&?ﬁbﬂ ‘?fg 8fw'aﬂ%?fa€€d Zdﬂ@aﬂ ag' ?ﬁfﬁ may drop to
hal f the zﬂr@@de@tr@ﬁ%bnlfrbm it @R it cheZ P12, Hawng harraaamdh@rowez:one 712 may
be from mm wde, with a preferred width of 3 to 7 Agai n, outer

zone 713 toulistascevsewingPdstiond0s MtbmreHl%pﬂﬂ@fb@@om&dh%d&iﬂf@epomer and may
have a preferred width of 2 to 7 mm 15 A third power profile 725
i 11 ustr at¥not her enbodi ment of electro-active cell 710. In this
enbodi ment, central zone 711 may again provide nDstIy the desired addi tion

power, but nmay be nuch w der z{ferhaps as w de as rm%) a preferred
wi dth bet weéviotlterewenprefle 12 dusisales@aotiar me@f#mm ﬁl@§tr¢12 713 may be

used, t0 4RSI ddIof d. o ik ShBbARREPRRRaPASAY1 nEABERE Uhdhea Pref erred

w dt h of be under’st'ood ere’nmay be nmany power
profil es.relding mrahd pnefertablg bt betweemdOianel mmmwm@npwaHs the entire
ower s

coul it aRSUe B paaral ZoNaH: e severmiy bR 6 hefidhe feafiie POuRr ey
ens rmy BET used**%é‘fdﬁefﬁ% e o e B AT 30 1 ens.
For exanpiige, wﬁhca)prefetredgvrd’nhrcdfﬁrhonbmme Agaﬂ‘emuterazor‘rﬁom maydie | es in each
cell may t?seedJ tsoel%end from intermediate to distance power and may have a preferred

width of 2 to 7 mm.
15

A third power profile 725 illustrates another embodiment of electro-active

cell 710. In this embodiment, central zone 711 may again provide mostly

the desired addition power, but may be much wider, perhaps as wide as 30

mm, with a preferred width between 10 and 20 mm. Intermediate and outer
20 zones 712, 713 may be used to transition to the distance power and may

combine for a preferred width of 3 to 6 mm.

It may be understood that there may be many power profiles. For
example, if the electro-active area encompasses the entire lens as shown in
25  Figure 1, the transitioning and blending of powers could take place over a

much larger dimension.

Identical or slightly different power profiles for each individual cell in an
electro-active lens may be used to optimize the effective power profile of the
30 lens. For example, in correcting birefringence, identical power profiles in

each cell may be used.
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WO 03/ 032066 PCT/US02/31795 1t may be understood that an el ectro-active
portion of a lens, the lens itself, or both the electro-active portion and
t he | ens wayslaosound, oval, elliptical, rectangul ar, sqeaerasotad7ps round,
rectangul ar with rounded corners, inverted horseshoe-shaped, rectangul ar
with the longer length in the vertical 5 direction and the shorter |ength
in the hori ttcmagalbedjrrcmri;ﬁood that woelbb’tta{aaﬁneqﬁorticg‘eofmiefﬁscthﬂ'lapes or any

ot her geq ed f r the rticul ar i cation. Figure 8

d
i |lustrat! pé@aﬁeﬁéc@@?p '%B‘P Wé"Wd tﬁge{ﬁn%nbaé’tl?%r@@pr 0@ ens 10 with
near and élﬁ%n T g quer MareMhAE FUT, ‘f‘éétﬁn??la?mﬂ%ﬂﬁ@éd edrnehe  present

I nvention nt, an el ectro-active |ens 805 may be placed in
front of iavedge henseshbets’&aplednsaot‘mmr WEHT e longes lengthyindbs eertigabr

G ot hrice Jreiongntbtiass S I el Efiecubl SRR BEERARS or e not
15 opti Caéédnémcl StriRe, of Aky Bm@?beéfndtﬂ‘@sleﬂ.?é b€ desltsd fgrGhapuriivaNar t he

required ~“refractive power to correct the stance vision of the |ens

wear er . \@feplicatien. el ectro-active cells are activated in such a way that the
el ectro-active region becones optically effective, an internedi ate zone
815 can be centered essentially about the normal |ine of sight when the

| ens wear er Rigurelgillabesicsar side casds-sectionabview dfomkelegtretactiveglensahead. The
vertical wdth of internedjate zone 815 caH be between 6 &nd 15 mm (t he
sum of0 t H@'ﬂﬂ\N@ahéﬂdé%teﬁmﬁgﬁt%V@'oﬁéf‘\ﬁé’@ﬁrdSwﬁ diment of D&r ef err ed

vertical dr‘ﬂ‘tegkﬁt ﬂ(/eﬁtléﬁ’ n s %b&o‘?ﬁ@ﬁf‘%n@]&cﬁ@ﬁcﬂvé% gimay, behe

el ectro- I've reg may be centered at a ht that represents where
t he | ens plaeedin frsntobdm ageBhE)(mﬁty‘ie teine Wearer %seiwa%geye@iaﬁ&esrf@adl ng

posture, with hi t he rtical th ceter t this point on
t he | ens.SX8{EP ergF éryw'&t'ﬁn%ﬁﬁgé%bf Rré’v e i 8%@%5‘6 %ﬁ#ween 10 and 20
M wi th @sRHRESiEWHgB the feils weareh. SThdieiieesiectd-srtide £6lls ama ndthe
hori zontal and vertical w dths of readi n%n one 820 may be equal for a

5

ci rcular opfictlli@civated, theepewei ¢fdhe gintivg &0 maydravedhaieauisse 815 may 30
vary depe%?' cﬁgﬁg%@tf%%’ cBiast AL SiGAALOGisioN'6r ReleildebPs. YRRLA G W dth of

i nt er medi
electro-active cells are activated in such a way that the electro-active region

becomes optically effective, an intermediate zone 815 can be centered
essentially about the normal line of sight when the lens wearer of the electro-

20 active lens is looking straight ahead. The vertical width of intermediate zone
815 can be between 6 and 15 mm (the sum of the two halves which are
between 3 and 7 mm), with a preferred vertical width of 6 to 8 mm. A
reading (or near) zone 820 of the electro-active region may be centered at a
height that represents where the lens wearer is looking through the lens

25 during normal reading posture, with roughly half the vertical width centered
about this point on the lens. The vertical width of reading zone 820 can be
between 10 and 20 mm, with a preferred vertical width of between 12 and 16
mm. The horizontal and vertical widths of reading zone 820 may be equal for
a circular reading zone. The horizontal width of intermediate zone 815 may

30 vary depending upon the size of reading zone 820 and the vertical width of

intermediate zone 815.
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18 WO 03/032066 PCT/US02/31795 Figure 9 illustrates a side cross-sectional
view of an electro-active lens wth near and internediate vision in accord
wi th an awoestsoes enbodi nent of the present invention. | mrCThiss2/gmbddi nent,
el ectro-active lens 805 may be placed in front of eye 810 of the |lens
wearer to serve as eyegl asses, for 5 exanple. Again, |lens 805 may provide
near, inter ﬁigiire@allustmtedi&ndeccmssvéwﬂbngl viewtdfean elastrowwatiea lenshi s

embodi ment

905,, 910,, 915 bet int di at
and near Wit neaF 20 dsrBedBte gioR A soenil Wi ngitemde AroBSERPNE ene 50,
These Dbl gpdi s fiverttn. WHﬁQbﬁ%auﬁém elRBYACthvReRO8OB MY iwial i ty of the

power zone aries 10 and, optionally, provide for an optically usable
pover tr glaced mfrorﬁmf@bea&'tﬂ ef thl@lIeijﬁgrqrdneseg%as@yeglagge%é@rween 2 and 8

Tone 910, XPIRGBOREs abri0p ey eotie feal, MRLGERIt BB iES cn < "

'nterﬁed'@é\ﬁmgStoztﬁa%ﬁslﬁ/eaP& rﬁﬁéienm;oanﬁemﬂéy previge BRshdi rtasendl ng zone
915 may be "faced at the bottom of reading zone 820. If the electro-active

regi on of9058r9s10 805 heéween diternediate aydiear visionzoeres1aAdathe cent er of

010, on e 108 ey SREARIFE s P, TRl uRpM A Ekinl ) E1S' 505 e T

asymet r i go\aiptagedusty ﬁﬂpdﬁﬂéltﬁ@ﬁtheﬂequmltyIdﬁm@bOWbezemebbumﬂanas ve region,

t hen bl endi ng zone 915 nmay c%[bﬁfenuous trapnsition fromthe

readi Hy pywbontiongihy Ripﬁ*ﬂﬁrf@@an BBW@"Vé{S PRWEL BANSHIOMens 805. In this
case, blending zone 915 may be as small as | to 2 mmor as wide as the sum
of the widths of internediate zone 815 and bl endi ng zones 905, 910 on each
si de of i nt Eomestanipe, ztdenadiﬁgionerﬁ)OSSpémap,s heteedn ZandbBen@vadeny conti nue

all the wa t he 805, if if,ed,. Th file:
o 1 ene BoBYIPIced SbGke Rl ot nElRedR £oht 818” HIEhP 2PaB YT  Pel | ne
715 in Figahep Z’bei\ﬁéeﬁ‘éadﬁd @mmtwlﬂéiYmE? beﬂcﬂd@é@b@mbmﬁterﬁi@ma@@wer profiles
as |IIustrated in Figure 7 may be achi eve with a patterned el ectrode, a

physi ¢al | 3onea8h5 asd read@gdaenear)ﬂpﬂaﬁeovet\rgbbl@aﬂtr@rzpneﬁ1%m@y&%er simlar

mechani Srr;‘)Iaced at the bottom of reading zone 820. If the electro-active region of lens

805 is circular and symmetric in power about the center of lens 805, then
blending zone 915 may be a duplicate of blending zones 905, 910. On the
other hand, if the electro-active region of lens 805 is asymmetric about the

20 horizontal centerline of the electro-active region, then blending zone 915
may be just a continuous transition from the reading power to the distance
power at the bottom of lens 805. In this case, blending zone 915 may be as
small as 1 to 2 mm or as wide as the sum of the widths of intermediate zone
815 and blending zones 905, 910 on each side of intermediate zone 815. In

25  fact, blending zone 915 may continue all the way to the lower edge of lens
805, if desired. The power profile of lens 805 may be a continuous power
profile as illustrated by the line 715 in Figure 7, for example. It may be
understood that the power profiles as illustrated in Figure 7 may be achieved
with a patterned electrode, a physically machined or etched diffractive

30 pattern, or any other similar mechanism.

An electro-active lens with near and intermediate power may

advantageously provide addition power and/or intermediate power when the
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An el ectro-active lens with near and internedi ate power nmay advantageously
provi de addition power and/or internedi ate power when the 19 WO 03/032066
PCT/ US02/\8003/83206€ns wearer needs it. For exanple, when tRETWSa?/8Y795 S
| ooking in the distance, the wearer may have the best possible distance
correction with the wdest field of view (the same high quality optics of
a si ngl e [ghsinearéransads it.nNForexdmplet whehithe mearenis lbekingén these f or
Progressive Addition Lenses (PALs). 5 Wth r’a\ PAL design, ..t he tﬁrﬁbl em of
ey s

unwant ed 4ipt@neetheveaTa Maygaye s bash PosY NCE N GTHIOR WRdNE 2o and
qual ity aof: : ' | L i Y isiBH1 [l so affect
t he di st %Q&Eﬁl%ﬁ%ﬁV%gﬂgﬁﬁﬁéﬁ@ﬂq@B eonFy( I%ef?ufggmilbgAiﬁ%gsi gns allow a
certai n agomirast,dfisdhay aot berthe oase &arProgressivendidditionhensee (flst)ance vi si on

Such pr oghblba oL SeFt the ol otdmvata ARG he 2 G3ERGeI R AL nasi ry.
Thus, enbﬁaidmw&&nﬁfqﬁqtg@ REQSRMNd BUAINY bPthe FERiR] bRl Neamediste a

t 4
conprom se, as seenh in the PAL design,” by making the near and/or
i nt er nedi wsionzosesnbutonay alsccaffeat the distance) \dsipn zenee kBiSdNAE AEPREN t he

present invention, a | ectro-actijyve . range

fi nder fope%}ﬁs&?ﬁ?ﬁ' B@@n‘f 2 nsogﬁ’q\ké C&h%@f ?rgi-%g(r:] :8@%@%@9“ ?%ep ﬁrﬂtg

embodi Menfnd bRRINKERS diktanes vighoh Yenetobetince ¢es nahitudeef esli ate  vi sion
turned on automatically when | ooking at a near or internedi ate object, and

when the wesaried astgmatismyintha iens UsHIROggssIVes &re (QHeRJEIRIEEdRS my be 20
aut omati cal Ly [ i n | | k | ternate
embod: meneotaiedblis fnd BuBEaY, R hEBdin g Bl fent Hiehod T
override trag dliamystefsuctier comprdrhise, asrbeel iretite, PAhelesignidly makiegri de may be
activated wth a s 't.cth or a button_on aq eé ectr.o-active | ens 25

cont r ol | ethe ngar sRefRrBtermediie VIPHLEONGS ¢8ROV Gear er may manual 1y
override the range finder. The wearer nay then nmanually switch to near or
intermedi ate vision fromdistance vision. Aternatively, where the range

f i ndets sensds antembaediment af the preskobikventias. aa eleelro-wctivalansfaay Bee obj ect

gﬂgh the e Gled By*h g rind & Yor QB LI %onrol BPtHY SEBRE Sctivd Sorfiar e may

In this embodiment, the lens wearer may have both near and intermediate
vision turned on automatically when looking at a near or intermediate object,
and when the wearer looks at distant objects, the electro-active zone may be

20  automatically turn off to provide only a distance optic.

In an alternate embodiment, an electro-active lens may include a manual
override to override the range finder. In this embodiment, the manual
override may be activated with a switch or a bqtton on an electro-active lens

25  controller. By pushing the button or switch, the wearer may manually
override the range finder. The wearer may then manually switch to near or
intermediate vision from distance vision. Alternatively, where the range
finder senses that the wearer is looking at a near or intermediate object, but
the wearer wishes to view something in the distance, the wearer may push

30 the manual override switch or button to override the range finder control and
return the electro-active lens to distance power. The manual override may
advantageously allow the wearer to manually adjust the electro-active lens

when, for example, the wearer tries to clean a glass window and the range
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30 the manual override swtch or button to override the range finder
control and return the electro-active lens to distance power. The nanual
overri de way3/oas@nt ageously all ow the wearer to manual | y Padjuser/3t7bhe

el ectro-active lens when, for exanple, the wearer tries to clean a gl ass
wi ndow and the range 20 WO 03/032066 PCT/US02/31795 finder does not

det ect t hinderepestwt détechthagp@sence of tve glass méndmain the néanar nedi at e

di stance., Figure 10 is an illustration of an exanple cascade system of

el ectro- iptesmediate disiaRe€ i n accord with an enbodi nent of the present

I nvention. An enbodi nent of the present invention includes cascading

el ectro-active I|enses, which may provide a strategy for achieving high
swi t chi ng c&igurexiotiy antijustedtion afexruexample, cascage §YS{BITI ehelegirand/ or

bl | ts. T ded | b ke | tical
Do e ke TeRsRun dpgol it SrpPatue el e bresent TR0, B8 ) “rontr o
vari abl e g@hbamhdntdf tidbedent ventiss ihclidds custbangoélecworeave ons for

controlling a conplex adaptive electronic |ens and the nunber of control

li nes f orlenses,rwhich maysprovists 2 sirategyfor aehievigg high swieRinggpmpdexiduced,

while still praoviding. ; ll. co | ' I mpl

el lament sI l?¥1u&ﬁgvsl?gggwé'ﬁ}?%g@ﬁg\nﬁyﬂlﬁéprggg:}ﬁaﬁig%ﬁérgtp')%errg%'i zlnrrpmigr al | ow

for betteTheid eémquneﬁm ibi;”layeld v cgrmplerioptical @_,;sltdgnml ¢y, laserd rﬁductigln
in programm ng conplexity. So, a |linear sequen 0 . | enses ach capabl e
of gduges@lpti@?miﬁrggwp%?éﬁ@é? eg&ﬁt'@'é&@ﬁﬁglg’aé@%ﬁ%@rac&’ePi@?%%oﬁ?abl e 1? ocal
poi nt s, agsTindniTitbbt Bt bGdolBnE F5bstitidlihg £88 @ptiv0 I n Figure 10, a
t wo- st age” cascade system (5: I'ncludes two el ectro- active | enses 1010,

1020 i n taledionicllensane feplumberebécontooldioes fer darirllingnan optisal ibeas a

resolution of N nd el ectro-acti l .. 1020 ,. h [ f N2.
So- the. ¢ Brawah el v e redizah SaaY Pragd BE e ustal RETRIAK. 1 °F hat

ﬁgscade 1 Qtigﬁ‘%litféf Sripret EIBHehRS inBeGtieads. ABlitiohadiyi, thervaiseadd | i ght 1006
y pass throug he first stage of cascade 1000, ) L
15  operation may allow for better diffraction efficiency, programming flexibility,
and reduction in programming complexity. So, a linear sequence of R
lenses, each capable of addressing N focal points, could address as many
as RN resolvable focal points, assuming multiplicative resolution
enhancement.
20
In Figure 10, a two-stage cascade system 1000 includes two electro-
active lenses 1010, 1020 in tandem. In an example, electro-active lens 1010
may have a resolution of N1 and electro-active lens 1020 may have a
resolution of N2. So, the total resolution for cascade 1000 may be
25 NR=N1*N2, such that cascade 1000 may be a multiplicative cascade. As
such, incident light 1006 may pass through the first stage of cascade 1000,
i.e., electro-active lens 1010, and be resolved into rays 1016. Rays 1016
may then pass through the second stage of cascade 1000, i.e., electro-
active lens 1020, and be further resolved into rays 1026.
30
Electro-active lenses 1010, 1020 may include concentric transparent
electrodes, e.g., loops, which may be programmed to provide a voltage

distribution, which in turn activates electro-active material in lenses 1010,
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I.e., electro-active lens 1010, and be resolved into rays 1016. Rays 1016
may then pass through the second stage of cascade 1000, i.e., electro-
active | ewe 0302066 and be further resolved into rays 1026. PB@/USOEELPD- acti ve
| enses 1010, 1020 may i nclude concentric transparent el ectrodes, e.g.,

| oops, which nmay be programmed to provide a voltage distribution, which in
turn actif0R0ele @mbeate ac@sired@haaeehstabumon | erareexdibp®, the lendes 03/ 032066

PCT/ US02/ 31795 020 to uce i.r ed phase but i I n an
exanpl e mﬁlé Prige PCOE} R @Sg@é‘af’at‘n epWé’é% Cﬁfegtﬁ) lﬁ?on in the
radi al LFa‘Efréf?cF‘ h %@funﬁﬂé‘ﬁrc hide S458s huineht SMirFapplRRY ®P£Ingsr a | i near

chirp app I ed to a |1 near ase function, where a linear phase function is
a sinple plmkeefhngmcm |M@relajlm651rtpdna’shéu1mﬂqnp$ atgimple rasial gyadR@G Pugcti on may

fntt Pon oahe sbIE; aNRERCANgye iehrat FAY ‘R Tawal HERMBIAT

function {hB &M H@Hb@lthél Patw’pﬁééé”fuhhﬁon barbe siablifst bpn strength”
increasing linearly fromthe optical axis towards the edges of the |ens.

For exanphterprstingdhas 8 onesdimessianal ﬁmommheaWI%l dlr@ctl@lﬂww 8f L

el ectrodes_per I » f ter D mm
To achi ej%eaﬁT‘ ﬂ%qpﬁ?&?ﬁgm é&#'%@g@ﬁg@%%h&?rﬁggg{ §xf§ to“%ta&gfogr ammed
such t hatthbhﬁfg%sfﬁﬂ'h@%r@ eFecexavpk, penc@ﬁhb lodpi eleetnbdjﬁs mayrhgasta bendi ng
power of the electro-active |lens at the egge of the lens,

t her elomaydensity of | L{ﬁIECWQ%BerFI#l"Fﬂﬁter(Y\ﬂﬁ"bén&@ﬂt'@v@ﬁ ng ofi ven 15
geonetry se.l ens is A=
7 2000n7 (ALl DR fo iRy pibh BifSeagiheotnol 15 etel ay o

wavel engtlie pidgramnisd suchctuit therelneay bemeleow@deerp@eser}’16;ncbzlltle smal |l er F#

| enses c n be chi,eved. 20 o entlon aches [ ng a
cascade 89'@9 W’GH&“QG P&“\S{rq-?ld ?E‘T’ &%Hﬁ?ﬂjggﬂf (9% r’?g;‘les of the
cascade ath% I?ﬁ@&hé@ﬁﬁ y He s BRRRSEING! B thER cBM YeCaiffedd for Brgiéem in an
embodi nent of the present 1nvention, stages may be progranmed jointly,

usi ngis f cge@reatrpl Wltmmaptmeelegels the perlod at the edge of the'lensis A =
m(1000pm/L). So, the corresponding F#= A/A , where A is the design
wavelength. Thus, by cascading electro-active lenses 710, 720, smaller F#

lenses can be achieved.

20 In conventional approaches to programming a cascade, there tends to be ‘
a loss in efficiency because the stages of the cascade are programmed
independently. To overcome this problem, in an embodiment of the present
invention, stages may be programmed jointly, using, for example, a discrete-
offset-bias programming algorithm. This joint approach may advantageously

25  eliminate any quantization error in the second stage of the cascade, thereby

producing high diffraction efficiency.

Figure 11 illustrates error quantization produced by a conventional
cascade, in which cascade stages are programmed independently. In this
30 case, each element in the cascade has a quantization error, which due to
the cascade operation, significantly affects the efficiency in the desired
diffraction order and introduces side lobes in the higher diffraction orders,

resulting in noise or blur.
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of fset-bias progranm ng algorithm This joint approach may advant ageously
25 elimnate any quantization error in the second stage of the cascade,

t hereby wowmdwsiong hi gh diffraction efficiency. Figure 11PCiTluse/sep®s error
guanti zati on produced by a conventional cascade, in which cascade stages
are programred i ndependently. In this 30 case, each elenent in the cascade
has a quantization error, which due to the cascade operation, significantly
affects the efficjiency i.n the desired _diffraction.order and introduces

21 de | obes FIBRAGNERSa MRS pUETIAAN S durcs ekl R pASDR or i ur.
22 VID 03/ Q32008 QiffGHe P88 1 htioR, iAbRichbdslohils kftfedsmbyee! | i nati on of

error quantization in a cascade in accord with the present invention, in

whi ch caspragearstregkioinityy FAos expmple.andisardteiofiselbias@loaithrmpmey he

ensed arPashp RSB NE S Por g oat ahd BEubeiehS FeFokrnte ray pormit -
i nper f ectTid Bngrgnﬁﬁinb%aﬁég%n@g?Spe@ﬁﬁit imﬁe&rect plagingGHthenelehentaistade and

correct any Fhase m smat ches ween fferent blazes by using constant
phase shifirsklegerid}14) indhe gaseadsand eagectiapophase misnaaicbad bstveRN Wth this

: : T L i nei dent
Pl oht - 1oounerarh ek i ufifa sbippt Hidd SnfeerRas 885y lehe?! T O F00
wi Il be i m2@méeftrisecOndstagy. Wituthis progeamming stréiegy, fidsh s 1010esul ti ng

rays 1016, which in turn may cause destructive . interferen as well as

mi ssi My tMaydresprogiammes tosH; df‘?'dgﬂ’bﬁm 1@@5’”"3)"@8 Oﬁfc’c"?ltéﬁ 8% pr ogr amned
tointrod gl t Aavresar ff gpt rays 1016
passed by s aseeﬁaggg%ﬁﬂﬁéﬁﬁqg%ﬁwgeé%fg%ckgon% agg 2, all of the
tilted waivgpdrfembiazef intrasultiog sayshtlits whisly irbtire mayeeauss destiugtisiei ve phase.

i {11 2ot BIFTGBECRTSS dot 53 3BT RRYIB Aorsss Fr L 4o mergng il £ 101 se 1 opes
my Preo_ggﬂg\?:y\é;ﬁe]éﬁ beZSrogktnsmBe A8 irfBtiute RBORstafhphiEse difsetrpthetitdd all of the
15 wave-front rays 1016 passed by stage 1, so that output rays 1026 from stage
2, all of the tilted wave fronts of the local beams, may be corrected in relative
phase. With this form of cascade programming, the intensity of the central
diffraction lobe of rays 1026 may be maximized, and no spurious noise lobes

may be generated.

20
This programming approach may be applied to all of the electro-active
lens designs described above, including a pixellated electrode pattern with
addressable electrodes.
25 Liquid crystal alignment layers in an electro-active lens can be produced

to achieve either homogeneous (planar) and homeotropic (perpendicular )
alignment. In an embodiment of liquid crystal layers having homogeneous
alignment, ultraviolet sensitive materials may be irradiated with linearly
polarized ultraviolet light and then put through a photo-physical process to
30 produce anisotropic surface anchoring forces. The resulting material has
homogeneous alignment. One example of such a material is polyvinyl

cinnamate. In an alternate embodiment, a thin polymer film may be
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| ens desi gns descri bed above, including a pixellated electrode pattern with
addressabl e el ectrodes. 25 Liquid crystal alignnent |ayers in an

el ectr o- awDI0B@3d0e1s can be produced to achieve either homogarsensisIy pl anar)
and honeotropic (perpendicular) alignnment. In an enbodi nent of liquid
crystal |ayers having honogeneous alignment, ultraviolet sensitive

mat er i al smeghahieally erﬂiealttedlmomagerieiouelyrdalggn thelmateriald Oherexamylleof | i ght and

t hen put through, hot o- ph SIC process to 30 produce ani sotropic surface
anchor i ngti‘f%i"@g@'!a%‘lgﬁo‘b’é'é‘gll 'P?\@O mat eri al has honogeneous alignment. One
exanpl e of such a material is polyvinyl cinnamate. In an alternate

enbodi ment, a thin polyrmer filmmay be 23 WO 03/032066 PCT/ US02/ 31795
mechani cal | yn autdmldodimdnﬁnﬁtjmﬁd@mﬁt@l layérgrhaving hameotrapic abgemetinpl e of

t hi t I h nbodi t d t al

| ayer § heATEPRBHERERI inckfd g forimon silegiel carpngralad ol e a

comon big hags@adgmgaﬁmombﬁgrgf@ﬂ PhespDatirhilgghol i ne, commonl y
S ecitnin

referred to , and ecytrlet oxysilane (ODSE), a materi al
with a Iw@adgc&lmmmmqsilmma(mDSE)aa naatedaiheith atlerg hydrocarm)nstnl'refnace of the

subst r at tial t ke th f f
the act1 v aftelign Erdbiodin AiaBR G5 S SHOSTAP AR EMCRITAR s < e
hydr ophoby ke &8 phaéridls tndkemiSurfats o theBbavd |eps, sub§ﬁ1§té| Igirbprobieo al i gn
homeotropically. Figure 13 illustrates an_enbodi ment of an el ectronic

ci rcult twlatchrraiumeattrag@dhe@ysrmmw ene ofithe/kquid crystdl meleerlesns t o

enbodi nent s of |l ens in the present invention. In
this embodtHeng ﬁ%@%ﬁé’iﬁ?m“ﬁ%’!&%@fﬁaﬁ. is a "flying capacitor" circuit
1300. Flying capacitor circuit 1300 may include, for exanple, swtches

1301- 1305, capacitors 1320, 1322, and anplifier 1330. W|tche 1301- 1305
may be opené:dglé{ﬁ‘&%I"ﬁﬁﬁﬂteﬁ@nc%ﬁpia@'mqmé’f apgtlectiRnic pFuik dnalgnay p&ci t or s

1520, LS2han Y Wi el AR, Shppl L st el orm
ret ar gat i activeslgnbén tlmaplreisen’plnwnnm vhr fhisotmbodiment, the electronic circuit
is a “flying capacitor” circuit 1300. Flying capacitor circuit 1300 may include,
for example, switches 1301-1305, capacitors 1320, 1322, and amplifier
1330. Switches 1301-1305 may be opened and closed to control the
voltage applied to capacitors 1320, 1322 and amplifier 1330. As such, the
20  phase of the output waveform from circuit 1300 may be controlled and
retarded. This control phase retardation may be used to provide variable
voltage to the electro-active lens. The use of flying capacitor circuit 1300
and its resulting waveforms may provide for variable peak-to-peak voltage of
the output and a very small DC component to the resulting waveform.
25 Hence, flying capacitor circuit 1300 may advantageously use control phase
retardation to create a multi-focus ophthalmic lens. The resulting waveforms
may be square waves, for example, or any other waveforms capable of

driving the electro-active lens, depending on the application for the lens.
30 While various embodiments of the present invention have been

presented above, other embodiments also in accordance with the same spirit

and scope of the present invention are also plausible.
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voltage to the electro-active lens. The use of flying capacitor circuit
1300 and its resulting waveforns may provide for variabl e peak-to-peak
vol t age oWoO oBla2oemt put and a very small DC conponent to tRETESSUBLIPHQ
waveform 25 Hence, flying capacitor circuit 1300 nay advantageously use
control phase retardation to create a nmulti-focus ophthalmc |ens. The

resul ti nGWHENEIS | de square waves, for exanple, or any other
mveformm%@!‘ﬂ ng the electro-active | ens, depending on the
appl i cati®n foAntdImttoeadlveslenH\h:Dhmnsm ous enbodi nents of the present

i nventi on have e[ r,(esenté ov% ot her enbodi ments al so in accordance
with the same 35T g/eCliRRac &M% he present invention are al so

pl ausi bl e. 24 YQ-03A/@3RREG-EEVLWYN2/ 31795 WHAT IS CLAIMED IS: 1. An
el ectro-active lens conprising: a first electro-active cell; and a second

el ect rio- act i vethediinst amd seeorid electrarastive colieibeingcadiacert o gachsther bei ng

et 1 vat o0 SRaMet ol FonefiRlt r bR LanaRa0Rasod B8 o Bl L1, e | ens

of cl ai m Bjrekiageheet he first electro-active cell includes a first variable
i ndex naterial and the second el ectro-active cell includes a second

vari able index naterial, nolecules of the first variable index materi al
bei ng oriented orthogonal to nolecul es of the second variable index
material. 15.3. The electro-active lens of claim1l wherein the first

el ect - apt i veTheIdIedtm-a(stt\@desloﬂplalimthahemtmt’rte firskelechosastiveeeliel | . 20 4.

The el ectro-active | ens f claim first |ens
conponent NeHASSA ﬁrsf vakgb ?’é@‘@%’%m@k@'ﬁi tﬁéﬂﬁeﬁ %%El?t‘fg'ofaecﬁ'ye&? onent havi ng
a second [RARRS 4 BSESHdVariable index material, molecules of the first variable

index material being oriented orthogonal to molecules of the second variable

index material.

15

3. The electro-active lens of claim 1 wherein the first electro-active cell is

stacked upon the second electro-active cell.

20
4, The electro-active lens of claim 1 further comprising:
a first lens component having a first recess therein; and
a second lens component having a second recess therein,
the first and second electro-active cells being disposed between the

25  first and second lens components within the respective first and second

recesses.
5. The electro-active lens of claim 1 further comprising:
30 a lens component having a recess therein,

the first and second electro-active cells being disposed within the

recess.

25



the first and second el ectro-active cells being di sposed between the 25
first and second | ens conponents within the respective first and second
recesses.wb.o30sm6el ectro-active lens of claiml1 further coepriset/sgds 30 a

| ens conponent having a recess therein, the first and second el ectro-active
cells being disposed within the recess. 25 WO 03/032066 PCT/US02/31795 6.
The el ectro-active lens of claim1 further conprising: a first |ens
conponent having a first recess therein; a second |ens conmponent having a
second refess tiherelpetro-aptiveslensfglaig At womnrisndhe first and second

el ectro-active acfﬁjs{ ,%Pstcgﬁdpoq.%ﬁk ﬂgvilﬂg'ﬂsﬂéo%%s‘?ﬁer% ween the first and
second | ens conponent's an W thin the respective TiI'rst and second

recesses. |0 7.a deronddeins compbheat hanag atsesond mpcéss thereinpand! ect ro- acti ve
l ens including a first el e%if; o-active cell, and a secgnd el ectro-active
cel I, fhe first ANGLRCARPUALIG Ine-fisk and secandelgelrorgcive selhithe o each 15

other and c%%fn%"ﬁé?ﬁ%gfsrpgﬁgé? 'P)%'twc%éh) ﬁﬁg@%ﬁ@%gé&cﬁfén‘é%‘fﬁa{% g apgate to

reduce birefringe a se el ectric y connected to the
el ect r o- astiihire theerespedtiveafinst gnd sktang reécessbs. el ectro-active lens. 20 8. The
el ectro-active apparatus of claim7 wherein the el ectrodes apply different
vol tages to different regions of the electro-active lens. 25 9. The

el ectro-active apparatus of claim7 wherein the index of refraction of the
el ectro-active lens varies with the magni tude of the applied voltage. 10.
The eliéct rfo- actAnvelegiipactiveapparaius cemprigingt ei n t he el ectrodes form 30

concentric | 00Rg;: joctro-active lens including

a first electro-active cell, and

a second electro-active cell,
the first and second electro-active cells being adjacent to each
15 other and oriented orthogonal to each other in an unactivated state to
reduce birefringence; and
a set of electrodes electrically connected to the electro-active lens to
apply voltage to the electro-active lens.

20
8. The electro-active apparatus of claim 7 wherein the electrodes apply
different voltages to different regions of the electro-active lens.

25 9. The electro-active apparatus of claim 7 wherein the index of refraction

of the electro-active lens varies with the magnitude of the applied voltage.

10.  The electro-active apparatus of claim 7 wherein the electrodes form

30  concentric loops.
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26 WD 03/ 032066 PCT/US02/31795 11. The el ectro-active apparatus of claim?7
wherein the electrodes forman array of pixelated regions. 5 12. The
el ectr o- awoDis@3Amppar at us of claim7 further conprising: aPoONESN2/300F ce
el ectrically connected to the electrodes to supply the applied voltage. io
13. A method for reducing birefringence in a lens, conprising: providing a
first el equro- aiid Meceehbbtitd apparadt@sf clAlie Y vilhélirptheesietbo @ Loni0- act i ve
cell of the lens; and orienting the first and second el ectro-active cells
or t hogonalantarrayxehpixeletast ragionsa unacti vated state to reduce birefringence.
15 14. The nethod of claim 13 further conprising: applying a voltage to the
first and second el ectro-active cells to change the index of refraction of
the lens. 20 15. The nethod of claim 13 further conprising: applying
different voltages to different regions of _the first and second
el ect r - adi ve 10 ¢lectieraghiveigppar@tys ef daim i/ fartbescemprigingact i on in the
l ens. 25 16. Al - e ar L S| NG, rQ-active
| ens; a set of %eféé‘g%'trgo eréggtg?eeczgrgc%(ﬁgenoﬁbggtgﬁﬁg@@ée%’I%bgrotdﬁgQ%fsggp b’otﬁgcti ve | ens
to 30 app@pylisdivbigge.to the el ectro-active lens; and a circuit to supply
the voltage to the set of electrodes, the circuit using control phase
retardation in the supplied voltage to create multi-focus in the
el ectro-active lens. 27 WO 03/032066 PCT/US02/31795 17. The el ectro-active
apparatus of claim 16, wherein the circuit is a flying

10 13. A method for reducing birefringence in a lens, comprising:

providing a first electro-active cell of the lens;

providing a second electro-active cell of the lens; and

orienting the first and second electro-active cells orthogonal to each
other in an unactivated state to reduce birefringence.

15
14.  The method of claim 13 further comprising:
applying a voltage to the first and second electro-active cells o
change the index of refraction of the lens.
20
15.  The method of claim 13 further comprising:
applying different voltages to different regions of the first and second
electro-active cells to produce different indices of refraction in the lens.
25

16.  An electro-active apparatus comprising:
an electro-active lens;
a set of electrodes electrically connected to the electro-active lens to
30 apply voltage to the electro-active lens; and
a circuit to supply the voltage to the set of electrodes, the circuit using
control phase retardation in the supplied voltage to create multi-focus in the

electro-active lens.
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capacitor circuit. 5 18. The el ectro-active apparatus of claim 16, wherein
the electrodes apply different voltages to different regions of the

el ect r o- awDIdm3doens, resulting in the nulti-focus. 10 19PpCAvuser/byds f or
creating a nulti-focus ophthalmc |ens, conprising: providing an

el ectro-active lens; applying voltage to the electro-active lens through a
set of electrodes 15 connected to the electro-active |lens; and using
control phase retardation in the applied voltage to create the multi-focus
ophthalmc lens. 20 20. The met hod of claim 19, wherein the control phase

retardatiqp i sThHRIQUARRECRE Bpddrat ot @Rt B WhEliTHd cirdit i8S flying

capacitor circuit.

5
18.  The electro-active apparatus of claim 16, wherein the electrodes
apply different voltages to different regions of the electro-active lens,
resulting in the multi-focus.

10

19. A method for creating a multi-focus ophthalmic lens, comprising:
providing an electro-active lens; |
applying voltage to the electro-active lens through a set of electrodes
15 connected to the electro-active lens; and
using control phase retardation in the applied voltage to create the
multi-focus ophthalmic lens.

20 20. The method of claim 19, wherein the control phase retardation is

provided by a flying capacitor circuit.

25
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