ADAPTI VE ELECTRO ACTI VE LENS W TH VARI ABLE FOCAL LENGTH CRGOSS- REFERENCE TO
RELATED APPLI CATI ONS [ 0001] This application clainms priority to U S

Provi sional Application No. 60/645,839 filed January 21, 2005, which is

i ncorporated herein by reference in its entirety. BACKGROUND OF THE

| NVENTI ON [ 0002] Correction of age-related optical changes in the eye
becones increasingly inportant as the |ife expectancy continues to

i ncrease. One age- related optical change in the eye is presbyopia, where
peopl e have £ &4 } f } j fHa because
of decr easeﬂé‘fﬁﬁs‘ﬁﬁ %%?%?m‘igéwﬁgg ?gm@?éﬁ F&Eﬁ%’?ﬁgﬂﬂﬁpﬁect peopl e
intheir forties, so there is a significant need for this vision
correction. Ophthalmc lenses with fixed focusing properties have been

W dely useq@gsaneck (& Q@%ﬁﬁ?ﬁ App136ATIGRSCOr rect presbyopia and
ot her condiTtT . T C 1 are nost useful if they have
adj ust abl e [60R1]si ibis gpplieatiopiclaims prindtyfte 1iSi Ripvisianet Aprlicalien Meat i ¢) .

Adj ust abl e L0000 VhAes he ; i 4 onmodat i on
o bring ol e aRrBT Ehuarf BT RO wR gt e B R e R st bl e
f ocusi ng pdméis eatiretipe achi eved wusing a nechanical zoom | ens. However, the
mechani cal approach nmakes the spectacle bulky and costly. [0004] D fferent
optical techniques have been exploited in bifocal lenses to allow both
near and di e Vi S| t he user may have | enses providing
different f g £ lhﬁnﬁ&ﬁbﬁlone for near objects and the other
for di st ant[oobilecCaxreblisreoinaga-reddtyd opfjcaliskangfesdn g efiatadbontesof t he | ens,

bi focal diffractive.l her djvisi ' t _and
i scant onPBarsniymPRTyEReShe e iresrAPhed B RfBrend8] ORI, i
di sti ngui shested bgtidaliEigese iftkeepe it rediyeplai vbewml patiple hawst dilfieuleins, t he

field of view using these optjcal . .techniques | ; nore, these
opti cal tecfﬂﬁ'i‘ﬁ'ﬂ%glga%oﬁ'ﬁfts ‘Wg? h"e\/\@f"i’a &ﬁ%%%ﬁ?z dﬁ%&?’ggé‘ {Sehg E‘agf“f)m $ince the

i ri s bl ockspidapydieansidighepmede affetipeophintitie @rius, ao tpoeis on of the |ens.
Anot her option_for corre(%t.i on.is the. 1l ug)e ﬁf it Oﬁ’sie i“%l' flxggses, wher e
different foguilisaryneehiar this ViSIBLsUEFIel PREMAIBEngR ™ g ear obj ects and
the other fREudhsbaperiRRiieet bochionadipused he sphitadesibhad coepttemesception is
af fect ed when nonovi sj on | elﬂie% are crsed. [ 0005] Electrically sw tchable

| enses (f orloSeLRE! epRrPEsahORECA YRS of 1iquid crystal sandwi ched

bet ween t worppesdUpHtRalRlicienSeserBodthganl ifedaidveradjedtatiib éodusmgi d cryst al

changes upon application of an electric fie ve been
J P powgrp(i.e., the focusing power is not static). Acﬂastgbale ?ocusmg power

provides the eye with an external accommeodation to bring objects of interest
at different distances into focus. Adjustable focusing power can be achieved
using a mechanical zoom lens. However, the mechanical approach makes
the spectacle bulky and costly.

[0004] Different optical techniques have been exploited in bifocal lenses to
allow both near and distance vision. For example, the user may have lenses
providing different focusing power o each eye, one for near objects and the
other for distant objects. Alternatively, by use of area division of the lens,
bifocal diffractive lens or other division techniques, both near and distant
objects are imaged onto the retina simuttaneously and the brain distinguishes
the images. Except for the bifocal diffractive lens, the field of view using these
optical techniques is small. Furthermore, these optical techniques do not
work well when the pupil is small, since the iris blocks the beam that passes

through the annular portion of the lens. Another option for correction is the



described for use in optical systens (see, for exanple, Kowel, Appl. Opt.
23(16),2774-2777(1984); Dance, Laser Focus World 28, 34 (1992)). In
electrically switchabl e | enses, various el ectrode configurations have been
studi ed, including Fresnel zone plate electrode structures (WIlians, SPIE
Current Devel opnments in Optical Engineering and Commercial Optics, 1168,
352-357 (1989); MOwnan, Optics Comrunications 103, 189-193 (1993)).

Variable focal length liquid crystal |enses.have been rib (Sato, Jap.
J.  Appl. PE§S rrmewpniﬁg@@-sw'z%fe@%@f;}?o%%‘?’eﬁ'ﬁBrcﬂgcie%otf} e%?*c‘]ui d crystal

I enses in C&rgs.% Lanshicsaphih @ td QRS fob distamt bsjdcdu¢iawmvenmye f act or s,
i ncl udi ng %Pg’w I ffpacti (i)n efficiency when theB]f 0 I engége%s changed and

. focal .
sl ow swi t cihinagular dapty peseaption fgalf vhan F@&GW?@B%%@% f the l'iquid

crystal la Ang ' jiftga RRMESLT | S needed.
SUK/:/ARY O:)(@ﬁ—?éll N@EIR#P%@/E‘%B%%]B%A&%%% q%ehnégﬁg%g 1@2;&%?]!{&@&@? es ond: ?\g devi ce
and met hod lifjoid, crysialjsastivished bé’iWQﬁ@dWOIC@ﬁéﬂfFi’VQﬁJ’Ege$ whHere GM'SB%%. The new
design i s based. or i Qdi v : rn.

9 ﬁ)gf%e [é(ﬁj@i ?r&%'tal Q%{Sl\jleg H?blll &gﬁ‘@%ﬁ@l% S @Iegirf%_(ﬁekg $ave éfb;éﬁ‘

Descri bed Ircatron t he new desi gln. The first
appl i cat i onjeatfilmatsiosuse inhoptigatdyeteitscisee, foeagrmplaeeenABPlsPPEt e val ues. In

one enbodi ] .S i i th al f ocal
| engt h and%ﬁ@g%{lﬁ%i L(‘f‘;i 4)1?§§f¥£l?dneéL?%éllﬂﬁogpsg\ggﬁ%%gﬁ?%)ﬂ%ﬂé second
R
appl i cat i oreledtlicaly swvitchatde lpanes,alariaseelenhedecertiigufaiions havehegh i s

cont i nuousl djusted fromthe mni i base t he design
par anet er s %‘b&?#f’?%’%@g F—‘pﬁﬁgeﬂgqﬂ@ﬂé%ﬁécg@ér%ggué@%}gﬁgﬁﬁﬁ i gﬁﬁ?l es °
descri bed ah@wht HV8REektrin Gyiieal Engiaddring qradvordedrdial Gpticad] 188 abl e
focusing el ectricall t roll abl | I i rovi ded are
met hodsgf or3H RS lgégkr ww%éﬂ%ﬁﬁ%ﬁ“ﬁ&i{%%@@%i%§ Jt‘ﬁ%??%ﬁa%% %pgngt h of an
el ectri cal lyafpn foehl iahdie liguiglcpstal dereses have bren debeibedi(Satol yam@h; rol | abl e
Snd §nerti chei e oo Lo HEREIHhE uRE B MUEEEREN | naous”
vision | f”ﬂ@ﬁse%‘iﬁ hpasabiieeadpplitatidnedalimited dps agmesy factoreyieglidisges or
contact | enses

in which the field . of view for each i_S] is.limted to a
nar row cor riPAGHfrapipr floiprcy when %ﬁ??%?ﬁ?@%ﬁ‘ﬂ?“?% a“‘?fr?%’&}e)%’i"{cg‘}ﬁc? t he
monovi si on /8s RSuliAg Weltihetrbguikidnpruheds dlehe hqudcoeptl izyer.im af fected, the
el ectro-active \?ﬁ%USt s.t he, fg}g}gesgpng ,gower and ahéach wor ki ng condition
the whol e dpWreyaddepnyith geius 62%8% RGVHoWREFe“BRvi ces nade fromthe
adj ust abl e focusing electrically controllable | enses provi de adjustabl e
focusing with a large field of view and high imge quality w thout the need

to SUMMARY OF THE INVENTION
[0008] A new lens design and corresponding device and method for

adjusting the focal length of a lens is provided. The new design is based on
an individually addressable electrode pattern. Described here are two
applications of the new design. The first application allows switching the focal
length between discrete values. In one embodiment, the focal lengih is
switched between an initial focal length and integer muttiples of the initial focal
tength. The second application allows a more general use, where the focal
length is continuously adjusted from the minimum possible value based on
the design parameters to infinity. The new design overcomes the difficulties
described above.

[0007] More specifically, provided is an adjustable focusing electrically
controllable electroactive lens. Also provided are methods for discretely or

continuously adjusting the focal length of an electrically controliable
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switch between different physical |enses. O her advantages of this |ens

i ncl ude conpact, lighter weight, |ow cost, and easier operation with | ow
vol tages and | ow power dissipation. [0008] In one enbodi nent, an adjustable
focusing electrically controllable electroactive lens is provided
conprising: a liquid crystal |ayer positioned between a pair of
transparent substrates; a Fresnel zone patterned el ectrode having M zones,
each zone having L individually addressabl e subzones paositioned between
the |iqui d edeqgistaativd laper Etestiicaliecomnindnkiefelaaingeliverieaes alew tha g ¢ st

t ranspar e”tl?riqﬂﬁié E%%l@}é*é@aﬁﬂﬁ“ﬁ% Bﬁ‘lﬂ% gnélfr%ffieﬁtméeﬁame&ﬁﬁ@\veﬁerﬁn% a

conducti ve Iquitd crysta ayer and the inward-facing
surface ofcdnhesisietiomdntuitanspandsion snsss sacheas Mfnsal, hifeoalderal | y addressabl e

subzones of the Fresnel zone tern ] . sane
hori zont al RJPEiFasve Fﬁeﬁﬁsceﬁ qﬁgﬁ%ﬁ@%%%sﬂa@@rcéggeg?aa?gépi%wgrné%}%suI ator to
prevent el egdibh almitcshioktndrthw esrrititveariditie wiseuis|copiranted adisdiybe subzones of

t he Fresnel zone atterned, el ectrode can .be.positi nmor
hori zont al ’Bla@ﬁ%fé}rpdé}élﬁwor‘%ﬁéﬁ“j?@??sﬂﬂ} @cqtﬁg@ﬁ%qcpﬁaéaﬁgﬁﬁ Cé@fr Sﬁer ©
confi gur at | gistGRhdslettiedctin® adj®svhe focidiey power drotA%ach vwoetinod of

adj usting the focal Ien%th of alens b itnt esger rrultigol es of San ori gi nal
focal | engt®Prditios the whp &P%Fﬁ)??%ﬁhﬁgg?}!'}?r BEYITHEOYCH &ivY 88}%% sing a
Liquid crysgah thay@hsiapr!iosRshdebureaiyapabliaié ldnses ppatdeddiustaiiist r at es; a
Fresnel zone patterned el ectrode posi ti_q?\ned bet V\Fen. he Iig’t[éiega%crystal

| ayer and tieeusingwsith arlargedigic o e and highimage auplty MioHENg strate,

sai d patter hRRELEPERRAY bRgkidd! IHH38s. ORaEAd deotitiig ldnssubzones, said
3 patter neda@%ect rode ha\?fb?l’gbg%t otal of M. individually g‘ dr essabl e

el ect r odes; inclide saupect lghtpryeighbdwmeest IS ARFEIYSYH layer and the
i nwar d-f aci g, ?%Fiﬁagﬁ“e%‘”émssﬁ opd transparent substrate; and an

el ectri cal conlg ctricall coh‘nect ed to the eI_ec% rode ﬁ es and the
conduct i ve J0808}F: Inappleybegineis, anpdusiabledgeusing elgeierlY GREVY %ﬂ% ly

addr essabl e r t; ' i Efal iwdpere k is an

i nt eger fr0%1[%Fﬁ(g%mﬁg%?‘fﬁ%p?c@gﬁdﬁdﬁgﬁﬁ g!r?ut)cgagi scrg?ig‘:foy&tl‘med fromF to
infinity. [Db&is@enA ratdidenspaieohsubsiiaiesi » Hapzeng PEHRMEE CHCTPERgt h of a

lens is pr Rg\i,i,ql@ ré%&h%ne(t%)virgfl?%idm&&!!@ab@r’é§sé{ﬂé@ﬂtbﬁn@§ a liquid
crystal |ayer nclosed between a pair of transparent substrates; a Fresnel
zone pat t er pesitioreiddetiwestethediguicrysial layerend tha Nvereiacing si¥3Sid bet ween

the 1iquid grysiala N6 HPURT Sid BEI o iBRReRS, ahhe first
t ranspar ent &’s%ﬁétﬁlraﬁsg%ﬁ%@gls@%ﬁf’gﬂaned e? ectr og%s bei fr% a circular array of
i ndi vi dual | yorattinties kgbt leetwiean &he kguid crystal layer and the inward-facing suriace

of the second transparent substrate. The individually addressable subzones
of the Fresne!l zone patterned electrode can be on the same horizontal plane,
in which the subzones are separated by an insulator to prevent electrical
shorting, or the individually addressable subzones of the Fresnel zone
patierned electrode can be positioned on two or tmore horizontal planes, each
separated by an insulating layer, or other configurations can be used as
known in the att.

[0009] A method of adjusting the focal length of a lens by integer multiples
of an original focal length F is provided comprising: providing a lens
comprising a liquid crystal layer enclosed between a pair of transparent
substrates; a Fresnel zone paiterned electrode positioned between the liquid
crystal layer and the inward-facing surface of the first transparent substrate,

said patterned electrode having M zones, each zone having L subzones, said



conductive |l ayer between the liquid crystal |layer and the inward-facing

surface of the second transparent substrate; and an electrical control

el ectrically connected to the el ectrode zones and the conductive |ayer;

(b) determining the desired focal length (f'); (c) calculating the area of

the nt h zone of the Fresnel zone patterned el ectrode using the equation:
,2 Af' (f"+rn. A Z, where f' is the design focal length, and %is the

deS| gn wavel ength, and rmis the radius of the nth subz d) dividing
the cal culbate&defae!eatra:ﬂe bhaningra kotaloridd-byndivigyally ﬂdgfﬁé?blﬁr??%g@pg t'0 det ernine

th nb f di d
Subzone.  (apoaiste Fayet RetbsRint SR IA LR S LGRLARTAD thhala-bam 2 a1
agdr efsabl ﬁﬁ@eaﬁ&melpgilaﬁmd?rﬁ&sm?mutﬁmemd arhelepidcdsenirer C(()n'; i nuously
adj ustin e cal len can f.urther a

J g % a% %heg e?ta% zqne%%{ﬂﬁ tillé 801%?)‘096@\&12&:610

det er ni ni ngleghicalbr cqrpRete cal cul at | the maxi mumring
si ze in thg,hraghe sé’nﬁ@@o!teﬂﬁifb@faﬁﬁdt lﬁdiimdUaNyct&ioh‘ésmab@I e;l@s;tg)d@mto desi gn focal

| engths to %e fornmed n_subzone n i ment, the
el ectrode ggivekthgiecy @”%Utc’fcl&'s ﬁg‘ﬁéﬁ'ﬁ@r%@teéef% %‘!1 nME i de)

el ectrodes,g ;{éﬂ??&}h@é@lsﬁﬁé}}rf ditledarn B teadiitzone is rmdul at ed by

reori entat| 0

t he | d t al field
nown 1t 18 . Ao of coriet ke atuEIre e Sl Bty B bfigly 00 S
control l ab:l?f \}?&e%céén?;ﬂ%‘irig"& 5,%@1;@%@ﬂsb@ﬁwdﬂlemglamcpm)wstalslawny advant ages

over curre appr oache advant a s the ahilit bl'y change
the focusi mgclpee&ébe‘@-feeﬂWepaéﬁ’éﬂ'ansﬂ@ée‘%ﬁé‘éwq %ﬁg?% Z?ﬂef l$$g“$%0\a/1e lens is
det er mi ned Dy e nelifg1 I iiechA Byl RRSHBSed béwicba thelmasodemt iybed her ei n,

the el ectr&de patternis

d the focal Ien h can({)
direct!y byndibegivagdfavingsutaceohite et Vanrpared sl fa\t%r??' %atfqgrgecgl ect r odes

and t he vol AR feesaMd rivgs wal | y addr essabl e
el ectrode ?i%dggpu\?ﬁ%o? rcglc ?@ﬁ%ﬁ?’g& ff@(ggg S| st aln‘g%pg Si ?%ﬁal ncl udi ng

near- (e.g.contectiveraer betwesnribe liagid crystal daver apfiig Bwar di st ance
vision. The RI?P;%J "Pag tﬁﬁ%ﬁéreﬁ%b@f‘ra%dh%%ﬁ@l&tﬁd&?bontﬂil léﬁa@trlcﬁilﬂoy a range

finder or n one enbodi nent nm croel ectronic
circuits arcﬁ;nnemtegrtcatkecblwttdd%me‘ﬁ end thasepndystivesigker | ) feemaigfact . Al so,

the electrafe g%tg.geoféo Hehdn! (i) Vs @Al&ﬂatw@tﬁél RS0t IR Z6AS BBIeC  advant age

over the t roa A loss of electrical power wll
not affect Erben@hzsnapa’ﬁemese@trgdﬂesm@&ﬂ%ﬁﬁi@a’fﬁﬁmr provi ded when no

current is provide 8f+m@ %&FF’:? @Q’ﬁﬁéﬁ% gme SRt | h@r&rstgtﬁre has the

sane focusing béwer ure descri be herein in one
wavelength, and in is the radlus of the mth subzone; {(d) dividing the

calculated area of the mth zone by L or a larger integer to determine the
number of individually addressable electrodes that form a clesign subzone;

(e) applying the same voltage to the number of individually addressable
electrodes in a design subzone. The method for continuously adjusting the
focal length can further comprise before step (a): determining one or more
design focal lengths; calculating the maximum fing size in the Fresnel zone
patterned electrode that allows all design focal lengths to be formed in a
design subzone.

[0011]  In one embodiment, the electrode zones are formed from patterned
fTO (Indium Tin Oxide) electrodes. The phase retardation in each zone is
modulated by reorientation of the liquid crystal using applied electrical fields,

as known in the art.



enbodi ment allows relatively |arge apertures, which is required for
ophthalmc Ilens applications. O her advantages of the invention described
herein include a conpact design, lighter weight, |ow cost, easier
operation with | ow voltages and | ow power dissipation. [0013] As known in
the art, the focal length of the | enses described herein and the
correspondi ng diopter values can be either positive or negative, depending

on the voltages applied. These variations are known to one of ordinary
skill in tHeOHIt whemeiustalWrdigeusingeleciisathaeqrorpliabla slgatoppiedenrsl herein.

[0014] As gnlﬁ%fl’?%r@m rPeéﬂ ancg%d5%5§é§&er%ﬁgﬁ ér@‘?oaicﬂ‘éél dnength of the

lens is no as I n“a conventio cal lens. The
focal | engtdvaotagaiis mejalndlnatml aljdsdehly chandeeihe focusing w@@fﬂye lehaingi ng t he

emboat ment . Tgeaauh S HBRRE 8 R RRIRRYR ink eeftble 2% P02 i i on o

an obj ect apaamgem thedensbssdesodised Bémit, tHedelatttodegeidices sdixbé anddtans t he same

Bl oot ri calPsA SaRT grt Bppee oRaietioy St T8 Ul AR onc o or

change a pajoafettins 16 Uedelastrddee dmdahe eoltarfal applisd. atrmr&ferabdmhqmntj crystal, as
known in the art. "Continuously dj,ustin means ength can be
adj ust ed tJﬁﬁéﬂ?@‘"‘éﬁﬁo@fdgﬁ-“"SQF@&C%’Obﬁ&Pn%géu‘}‘f{)?mﬁc&'%forﬁﬁﬁr? M es of the
origi nal fagethndéVigibh, |ﬁﬂddiﬂg¢|‘éaf1C{bg ﬂ@@(ﬁﬁ Riritéindtiae- (emf cangutyr di f ferent
focal length is achi evabl e, due_to ¥VSI cal Ilmt?qgg% s of the current

patterned €IRaT 8¢ dl'%?qec‘éﬁ‘?%nﬂt’%mﬁ'ag or £8i0 PR PANS ®herein, layer"

does not r efitclifh@aReidetidey ob Hahaam Eyih@useson%ﬂmw@dnmahpknesses cracks
or other inperfections may be present, as |ong t he Igﬁer per forns |ts

i nt ended pupisEsiectigyicried f'r%'"é‘anSFaé?‘i*\W'ch%?Ba Sch PASAEMOYAS pendi cul ar "

nmeans appr%n‘i]@éc?'MISB%B@%&&HE%&U&I@@ ﬁ@nﬁé&bi@aﬁﬂlcﬁfproﬁdi& subshewi e. Note
that the optical axis general q%] i s approximtely erpendl cular to the

surface of advaniggpsieatne iemac éﬂ“%@?/e'iﬁhapprﬁ%crhoﬁ‘ﬂ%rﬁf glectrigab" pet ween
el ectrodes ;sdwér'-ml?ﬁottd%cﬁhbl&éta% WEBH hbh&@h@%d@%omy&wﬁ@q ngpace

bet ween them when viewed 1 n the perpen |cu ar ection, and al so i ncludes
the situat iHrephisrovided)e At§aah @’&éﬁ@@ patdik@nhe eadits ARRIEIABRIS i ewed i n t he

per pendi Cu's%rméiforcﬁﬁhggﬂwéhaf hcgp%%ngpion%asﬁ'%tl.ltr@@egérfb%ﬂ%ﬁfétﬁih od ficiency of

the optic to be re nore than 25% fromthe theoretical maxi num as
wel | as al |emwlmemmwaﬂ@é§eimmg@ ahgduresHehieh ip repgvadior PREIGENEces of the

invention q@ﬁ's et %é rbiﬂﬁ?’éﬂ\}a%ttéfgé%fof@fpgn'v@l% d%craﬁé@%elﬂn&lh@e art,

including I'énses used for human or® ani nal vision correction
a compact design, lighter weight, low cost, easier operation with low voliages
and low power dissipation. |
[0013] As known in the ait, the focal length of the lenses described herein
and the corresponding diopter values can be either positive or negative,
depending on the voltages applied. These variations are known to one of
ordinary skill in the art without undue experimentation and are included
herein.
[0014]  As used herein, “adjustable focusing” means the focal length of the
lens is not fixed at one distance as in a conventional optical lens. The focal
length of an adjustable focusing lens is adjusted by changing the voltage
applied to electrodes by means known in the art. In one embodiment, the
focal length is adjusted by the user to provide vision of an object at a desired
distance. “Individually addressable” means the same or different voltage can
be applied to different elecirodes independently. “Electrically controflable”

means a voltage is applied to control or change a parameter, such as the
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or nodification. The | enses can be incorporated in spectacles, as known in
the art. Spectacles can include one lens or nore than one | ens. The devices
may al so be used in display applications, as known to one of ordinary skil
in the art w thout undue experinentation. The | enses of the invention can
be wused with conventional |enses and optics. The | enses of the invention
can be wused as a portion of a conventional |ens, for exanple as an insert
in a conventional lens, or a conbination of conventional |enses and | enses
of the i nwerniation ete blea u:sedicwmaé\ astlgenadn themardr CopieEBYThi s i nvention is

usef LI 11 DERRh{ o SRSRLAS ‘?j?en@ﬂ'}’éaﬂgbé g&agadwmang@gw@wa%gsn ng strength

based on d Fom ect viewe dinment, a
range- f i nditing are obistiictmultigies ef §heanigirebfucabengtihrandidoep gk e housed in the

spectacl oo o 8Lt PRy S5 ORAE 650 el BRRRuE 88 fgTmonents and

one exa ahge- finding
mechani sm |[:$ly'§ﬁ$$|dm’tl’@’[[dlﬁ efrthie ra;erremqoednemmmbgtevf/abmmme tmmewasl e and a

d d obj Thi . d h dj
the vol t agd0at | Bateed bR naver ddsr Fyt aure QeSiPRRERIRRES. Wnich

gi ves the Ieﬁﬂﬁehﬁ@e@qmck@ébsgba&acnsr@rra:ﬁmmmpeneéﬂmemmaprese:ﬁym he obj ect.
[ 0018] Various nethods of a in 0, e to the traodes can be used,
as known |H°I¥91%Sﬁ¥etlay‘?f\p8§9fr£$9¥ E‘é%‘%@% F Bsgﬁfﬁ%%t LofPA58Y or ot her
met hods, ahddiaeiddnkiitalar theahd apolinRusly berpehticalst td hatsudass ous met hods
of control]i ng all aspects, of the vol tagegailgpl ied to electrodes can be

used, |nclth%IﬁH‘@S“é@t?)rNB’@stE%“rtheé’PH?%raébr 1S 2pproximaY¥ at ed circuit, and

a conput er nGRiRcudI90 YR §iBERePd Sibstratdl et LisidIRstely “ridTRridental ed phase
transm ssion function, as known in the art. BRI EF DE %I;gg}‘ac\l OF THE

FI GURES (0GE® beiwseneiactorgadnciisies|the siyation gvhers e ¢lpe V@ "Pens: graph
(a) is a copug 'BH\«%@' thér%fvm?éﬁ\hmedi f?ﬂ:ﬁe p@?@h‘&@l@r dirsctorglahdl alsact i ve | ens
ua

W th contlnuous ratic bl aze profi is a binary diffractive

| ens; and gﬂﬁdm‘ﬁ‘@(’fb? sitgatipn Wl@ﬁfﬁi}l‘%ﬁﬁ aéﬁﬁ‘ﬁ%gﬁf%@ﬂ HPAeHWNENf fracti ve | ens.
(0020] Fi gL{[&N@d ﬁlh%"?t g;le?\ﬂf&ﬁ rHﬁé&t%}tﬁé’t @oe@'rfcft Eﬁﬁéé e dn‘ﬁﬂ&;on [0021] Figure

3 shows a quird cr Igure 4 shows %enera structure of

an el ectro- Gi&@lelw qfﬂhﬁm:@trcctmbﬁraﬁucacbmWQ thap 250 raadhe thaorstisgbs. [ 0023]
i e MBI YRR M PLaghedes &0 o0, LDc s
nei ghbor i ng08ifz ofibs devices of the invention can be used in a variety of applications

known in the ari, including fenses used for human or animal vision correction

or modification. The lenses can be incorporated in spectacles, as known in

the art. Spectacles can include one lens or more than cne lens. The devices

may also be used in display applications, as known to one of ordinary skill in

the art without undue experimentation. The lenses of the invention can be

used with conventional lenses and optics. The lenses of the invention can be

used as a portion of a conventional lens, for example as an insertin a

cohventional lens, or a combination of conventional lenses and lenses of the

invention can be used in a stacked manner.

[0017] This invention is useful in preparing spectacles having lenses that

adjust focusing strength based on distance from the object viewed. In one

embodiment, a range-finding mechanism, battery and control circuitry are

housed in the spectacles or are part of a separate control system. These

components and their use are known in the art. As one example, the range-

finding mechanism is used to determine the distance between the spectacle

and a desired object. This information is fed to a microprocessor which

6



[0024] Figure 56 illustrates a structure where odd-nunbered el ectrodes and
even-nunbered el ectrodes are interleaved into two horizontal |ayers, and
there is no gap between nei ghboring subzones (two-|ayer structure). [0025]
Figure 6 shows an exanple of digital variable focal |ength using the

i ndi vidual |l y addressabl e el ectrode pattern. [0026] Figure 7 shows

conti nuous adjustnent of the focal |length using individually addressable

circular array of electrodes with proper resolution TA| DESCRI PTI ON
OF THE Il\l\éﬁ}djéjtﬂﬂeﬁmﬂt@g)@app!@dﬂob{@@ méwuﬁﬁméﬁ@@r&ﬁ%ﬁ%el?ﬁﬁgf hggnti on, basic
concepts of, ui d A gieto @cm:ept s in

qseiﬂg dens tﬁaﬁpﬁlgéd %I‘?Qescra é(’)%r{ fURSHSTORB i

di ffracti V@ r1nci t eadatlvelenE are brlefly
revi ened ;[@0938 D\ﬁaflba@memobmﬁaaply{ngmqig@qW‘Wéﬁqtr\?ée? EHSRE USFS Kknown i n
h

the art. e function ffr C JeRsh0Br br - fiel d
di ffracti o 'ByPvY ‘f—‘rﬂ%%ﬂgi A?%fﬂ ‘téér}r’/fg‘a esﬂﬁ) fth@ Eérjr%r g| ng fromthe
structure $gfneas, ASkriwreifithé aft. ufls Hnrs.rphe‘rihealﬁ thatnerioppEetigsdsidfal field at a

particul ar observi ng sumat i ons of the
emitted speratiodiag 5\%@5@“@\9&?‘%‘@&@%??@&9@? %&%ﬁ@?g&@%%? lra!%d(i:t ive

interfer en@g] ug ngtehﬁroi%@éb%ﬁ"éﬂﬂ:or@@%&@smmmgtdgmﬁﬁ chievity apd 8 PSTEBEHt s cr eat es
a highin

ensity at the observyation hi gh
di ff ract i omlpeﬂﬁﬁdpﬁﬁﬁ%/apwl@éi%i\’( t?frb‘ﬂ?ggiq%%g {edﬁ i ?E{?ﬁ%g{sleggﬁ of a
diffracti Vﬂmcﬁ sHrBRA ik e 48 @ conventional refractive |lens; graph (b)
is a diffracti véal ens with continuous quadratic blaze profile; graph (c)
is a binary diffractive lens; and graph (d) is a four-|level approximtion

of the diftraekintesd@ps: i\lQSBQHEFFIWQ graph (a) shows a part of a
conventi on renpvin %r 8{ g)h h}cls%hase

ret ar dat i of0CF©dm Eigerer*em%?@@uﬁféﬂ?mga ns( S obtai ned as
shown in Fi a;a\oei]ngﬁﬁgﬁfr%&ﬂ/e lgﬁketgpiitﬁ?s(% s%ffr’:ﬁctxv@mb wibrenboumdary is 2ic for

t he deS|gn he bl azi amakes
per f ect comhdmcblﬁeelﬂmfé@,fgﬁa@h@é‘%% W%‘@g‘Fl‘gEaé’I? “ﬁta““eé%gﬁ@rﬁ graph (c)

and Fi guref?—ﬁlg a@%é&&%&wglﬂﬁg gﬁ%,vgmsom ITB.tI ons of the desired phase

proflle in erein | e steﬁs in each zone are wused to
appr oxi mat 0odus dEwr&ﬂsb@l\&%@fﬁpﬂﬁwm‘é‘”OﬂG@ﬁ chedﬁ‘?sé 2 shows a construction

axi 5. “The Addrlls FERje7 MBS BIBNS RIS, o) ar' 0 The gnrredl axis Note
that the pgoteadjr aFiguesl4ishows gﬁgei@h@t@pthg of BR& qcérﬁ: chye glaﬁ 39}3%@? m to reach
the focal qgr%sn&ntr'l:pét%erﬁgcﬁ' LMalEhts to the focal

[0023] Figure 5A fllustrates a stiucture where all elecirodes are on the

same plane (cne-layer structure), in which there is a small gap between

neighboring subzones.

[0024] Figure 5B illustraies a structure where odd-numbered electrodes

and even-numbered electrodes are interleaved into two horizontal layers, and

there is no gap between neighboring subzones (two-layer structure).

{0025] Figure 6 shows an example of digital variable focal length using the

individually addressable electrode pattern.

[0026] Figure 7 shows continuous adjustment of the focal length using

individually addressable circular array of electrodes with proper resolution.

DETAILED DESCRIPTION OF THE INVENTION




| ength (f) plus an integer nunber of wavelengths (n?9 in order to have
constructive interference. [0032] In other words, the focal length (f) of
the diffractive lens is determned by the period of the zones. The opti cal
path length differences 8 are nultiples of the wavelength. For the nth
zone, noting that f + n¥ is a hypotenuse of a right triangle in Figure 2:
2+ f2 = (f +nla,)2. 11) [0033] For paraxial approximtion, f >> n@b t he

di i f th th d 2 = 2nmdf .
(33) uhed@0h | Eot hates RPoRRIELo R BT DZBRGoTAs Pyt 5 = 20y

is the \fgtgr&hg £%1r3§ Sorh& 8adie eahcdpanit ditfrabive lendesvaid itief f ract ion | ens,
each zone onsi st L subzones of equal casj#]ze (area). Note that there are

L subzones:)rmamvdi%@dbﬁadﬂptt%ée@%ﬁrﬁﬁf@ml‘%‘ée‘%e $%ferent optical thickness,
thus there are L phase |levels. The outer radius of the nth sub zone (n 1,
2, 3 .. L, Lis the nunber of phase I|evels in each zone) of the nth zone

IS given ﬁlffFac’tiieEF%e(sfn 1) +n/ L] Rf (2b) [0034] This determ nes the Fresno]

zone patt periodic in r2. The {é‘Y"d equfalator- 1 2. Note
that ri iS0bh® r &diivastiveflensrs arraﬁ@pwzdh@e%m ctigy 23 IV Ras the same

area. The fo%%' bqg%ﬁ%‘iq*}}eh éiBedmﬁ?Eﬁ @é#?eén%ﬂ&ﬁespéﬂ‘enﬁ 3Eacl~2p<{nﬁt)35] The

above equa oca can be chan ﬂé@r choosing the
zone peri ogmefging fmmeinsswatwetswefscﬁ%ﬁn ?@ﬁ@f AT pepherral W 2% ea) of each

zone s pagptﬁabfhelé‘gtg'gf@fgffc@ﬂ b?{lar %)p%ln? ¥ s@hn BN bt el &%&lbuﬂbrﬁél r active

| ens (or on lens) 1s given by sin il
rf =si ncz( 1éithe efrfied Q)He(ﬁﬁaﬁr}'avﬁamver megﬁmlé%stml#r6u§%‘@FrH‘FF§{eers for a1l

ncr eases. BTSRRI AR oo GALERE ey Id PR g kO SO A oot the
| ast subzopigh M@ﬂm%aﬁbédmtmpmm; eorraspondiag teadighditiesies. 10
efficiency.
[0029] Figure 1 shows an illustration of a diffraciive lens: graph (a) is a
conventional refractive lens; graph (b) is a diffractive lens with continucus
quadratic blaze profile; graph (¢} is a binary diffractive lens; and graph (d) is a
four-leve! approximation of the diffractive lens.
[0030] Figure 1 graph (a) shows a pari of a conventional refractive lens.
By removing the multiple 2r phase retardation from the refractive lens, a
ditfractive lens is obtained as shown in Fig. 1 graph (b). The phase jump at
each zone boundary is 2x for the design wavelength Ao, and the blazing
profile in each zone makes perfect constructive interference at the focal point.
Figure 1 graph (c) and Figure 1 graph (d) show different approximations of the
desired phase profile in Fig. 1 (b), wherein multiple steps in each zone are
used to approximate the desired phase profile.
[0031]  Figure 2 shows a construction of a diffractive lens. The focal length
{f) is displayed along the optical axis. The radius () is displayed
perpendicular to the optical axis. Note that the path traveled by light entering
the lens at radius (rm) to reach the focal point F is equivalent to the focal
fength {f) plus an integer number of wavelengths (mA) in order to have
constructive interference.
[0032] in other words, the focal length (f) of the diffractive lens is
determined by the period of the zones. The optical path length differences



Table 1. Wdth of the |ast subzone in m Phase Levels Diffraction 10 mm
aperture 20 mm aperture Efficiency lens lens 2 40.5%56 28 4 81.1% 28 14
6 91.2% 19 9 8 95.0% 14 7 16 98.7% 7 3.5 Liquid Crystal Cells [0037]
Liquid crystal cells are known in the art. Many cell configurations and
operations of liquid crystal cells are also known in the art. [0038] Figure
3 shows an illustrative enbodi nent of an electro-active liquid crystal
cell, where a layer of liquid crystal is sandw ched between two gl ass

pl at es t hawrdgulipkend tied waeslemgier FeuthkavibszonBheotingrthaldeismdiis ehe pl ates are
coated with an alignnment | ayer such as, polyvinyl al cohol (PVA) or nylon 6,6
and are tr BYPYENYSE ST AIEM Y r@[eg‘f"ﬁg[éfe%onogeneous nol ecul ar orientation. The
alignment |ayers are buffed in the djyection shown in the arrOV@ as known
in the art. A voltage is”happl Fédt#Yt-he i nner conductive surfa bs of the

plates. In__an electro-active cell usin L QUi AC

el ectro- opi@@%df@rﬁa‘wgr@pr‘?ﬁrﬂ@élmz ) %@ﬁsth "ﬂlr)cc{zx@ésg%n%}@t&ﬁe
refractive jhpdexudaricBereyieaeydi nary beamis changed due to the .
reorientation of the liquird crystal nolecule when a voltage is applied to
the medium As shown in Fig. 3._4hgroriginal orientation of tiza)liquid
crystal nolecule is deternm ned by the buffing direction. The long axis
(optic axis) of the, liquid cryst S & i d v ihcalidhy. Wien an
appropri at é“?f\%‘? tr'adﬁéﬂ‘i‘es8'6\35’&“?‘%%%s O?h%%ﬁ%?b?éh%alr’o%gféd.' %1)}'1& lgft!“%ct ive
refractive wdvadsist{ 8ed ¥ is thegfooahidmgth. tFord el diffractiogzeny; Bach &ope 1Qsi n20+n

c0s29) where no, a ne are the refractli (eYol j y and
ext r aor di nmS!Sﬁe%ﬂ’s?ﬁ?Z@Eﬁ%&F Pgléﬁ%yg,’z%talrés/g)t hlggtlgﬁgﬁteﬁ%éet év'le%gﬁg%' edh%gti c axis
of the nol egul &achnet the Rebx@ids Ieal a aifissentTopicekihickoesh, Haws/thesaara hitial | y
has the maxi numrefractive index ne. Wth the increase of the applied
vol t age, t FagEI¥ES ve refractive index ne becomes smal l er, and when a

saturation voltage is applied, the optic axis of the nolecule is aligned
hori zontally and the effective refractive index of ne reaches the m ninmum

and is equallhet c?utgro fad-i[lgeof r’tﬁg Eﬁxcédbvzeor{en(qg)f, é,oéf . .tlt‘,q_ is the number of phase

levels in each zone) of the mith zone is given by

7 = o[~ 1)+ nd LIAf (2b)
[0034] This determines the Fresnel zone pattern, which is periodic in .
The period equals to r?. Note that ry is the radius of the first zone, and that
every zone has the same area. The focal length of the diffractive lens is

L (3)
/ 24
[0035] The above equations imply that the focal length can be changed by

choosing the zone period. For a lens with the focal length pf, the size (area)

of each zone is p 1.

The diffraction efficiency of a mutti-level diffractive iens (or an L-phase level

diffraction lens) is given by

sin(m'L)T_ @

5 = sinc*(1/L) = [ ey



ordi nary beam (horizontally polarized) is always the same. So the el ectro-
optic effect nodul ates the effective refractive index of the extraordinary
beam [0039] In the liquid crystal cells described herein, the conductive
mat erial on one substrate does not form a honbgeneous | ayer, rather a
pattern of electrodes are fornmed, as further described herein. [0040]
Figure 4 illustrates the general structure of an electro-active liquid
crystal lens with patterned el ectrodes. Fromtop to bottom the |ayers

conpri se: [[0036]] 4dabedulives wrious pegamgterior pdrdieptaediiEctve lepdeshs

(1 ndi vi dual : l41 apl ; i ayer, [0044]
440 Liquid§%§9§?2%@8§h i@@géﬁgiéﬁggﬁé’ﬁﬁgggégéf ?ngé?qﬁgg&%%ignnent
Layer, [0049jelstizore@sesaad thendidii ofolg Jast sabzenbsiecesnses po0nsipBiveei fi cal | y,
Figure 4 il general structure of the electro- active liquid
crystal Ieﬁ%“ﬁé%ggﬁ§$%§§% A liquid crystal |layer 430 is sandwi ched between
a patterned el ectrodes 420 and a ground el ectrode 460. The patterned

el ectrode 430 nay be fabricated by photolithographic processing of a
conductive filmdeposited on a glass substrate, as known in the art, and
the ground el ectrode 460 contains a uniform conductive |layer, forned in
any nmanner as known in the art. The patterned el ectrodes conprise a
circular array of rings whose radii are determ ned by the focal |ength
desired, as described herein. The electro-optic effect of the liquid
crystals 440 results in 12 electrically controll able birefringence. The
phase profile across the lens is tailored by applying proper voltages to
the patterned el ectrodes, as further described herein. [0049] The
conductive material may be any suitable material, including those
specifically described herein, and other materials known in the art. It is
preferred that the conductive naterial be transparent, such as indium
oxide, tin oxide or indiumtin oxide (ITO. The substrate can be any
material that can provide desired optical transm ssion and can function in
t he devices and nethods described herein, such as quartz, glass or

pl astic, as known in the art. The thickness of the conducting |ayer is
typically between 30 nmand 200 nm The |ayer must be thick enough to
provi de adequate conduction, but not so thick as to provide excess

t hi ckness to the overall lens structure. The

i0



patterned el ectrodes 420 may be formed usi ng photolithographic techniques,

such as those described herein and known to one of ordinary skil

[0050] Figure S5A illustrates a structure where al
sane plane (one-layer structure),
nei ghbori ng subzones.

art.

t he

bet ween

Wres 520 to
i ndi vidual l'y

electrically
shown),

and then
t hrough vias (hol es

vi as or

Driver 510

in the

el ectrodes are on
in which there is a snal
The controller or
Contacts 530, which in turn are connected to

! gap
i s connected by

control |l abl e El ectrodes 540. Note that the wires 520 may be
insul ated fromthe ellgkleriodes 540 by an insul ating | ayer (not

or

the wires may be selectively contacted to the el ectrodes
pathways in said insulating |ayer) or contacts 530.

This type of i ng

l'i thography, and in integ ated ci r cui gwictmoithadaslisebzdre0sb 1 Mor e
specifically, ure S5A i .ra%es | ayout of concentric.. tindividually
addressabl e (i naﬁ@?edld%“leﬂl g@}ﬂﬁ‘?%bl D minreperisip@ dine bpertureles in  one

| ayer. Neglecting the wr G874 the viiass t hr qugh teme inspilation, this
| ayout is defijhed as a "ofe-layer” styucture becdquse all of jhe el ectrodes
are in a singreTayer [§057] Arternptely, the Mires 0 may be ganged

cl ose together}in abus not ﬁ%ﬁn) unni radifal | y th respect to
concentric rin d e—t-hat—at-Her—pattermeyl el ectrode
shapes may be psed. jfFor  gxanphge,a hpxagomal arrjay mai4 cont @i n hexagonal
pixels, or a gfid array nfay contain squar e pixells, or_a setiof irregular
shapes may cor{®CTU 101 nhoij 13 _SyN c ref actl e errrs. Ifregular or
conpl ex shapedi el ect® odes naygﬁg fab |caté rrect” for specific
noN- symMet ri ¢ pleiol=C.onuediti - f rror.

Addi tionally, he ekﬁctrodes @axnbave vari dddl e thf cknesds in fhe direction
of the opticallaxis, in orjder to create nore co I tions with the
liquid crystal § [005%4] Alter%éﬂgly, rrays., W th |gh @ Exel densities may
be controlled o approximate congentrl rin I'gurel5A to create
diffracti ve | eBSeSpmmpainttithtdfrtipetpfrmfrpr-e—tfrarr-two plxelb fTT inside the
width of one ring electrode. Such high pixel density arrays may al so

appr oxi mat ¢;dqiRd enesenuleax shapes.

defi ne the T nner nost

out war ds t ¢PQHé 1!92%1&%‘“!%?

for_ s

9g A

SHoap fush

trode as.

EeI ﬁg

nd to

atw& Clytlely

t
S el alingfe &R
el ectrode Ry dpeaitRhabt quc@sfaubétlsmre@lm knmstrdladhefria
illustrates a rin
cont act 53@0%&h

[ 0055] Returning to Figure 5A,

5 TR

fec
ring,

| et us

e tcﬁ'@d count

nner nost
but Figure 5A

BRlf ol 6 Ychd kbR RbR: the Vi a or

crystal cell, where a layer of liquid crystal is sandwiched between two glass

plates that have conductive inner surfaces. The surfaces of the plaies are

coated with an alignment layer such as polyvinylalcohol (PVA) or nylon 6,6
and are treated by rubbing to give a homogeneous molecular orientation. The
alignment layers are buffed in the direction shown in the arrows, as known in
the art. A voltage is applied to the inner conductive surfaces of the plates. In

an electro-active cell using a liquid crystal as the electro-optic medium, every
zone has the same thickness, but the refractive index of the extraordinary
bearn is changed due to the reorientation of the fiquid crystal molecute when a
voliage is applied to the medium. As shown in Fig. 3, the original orientation of
the liquid crystal malecule is determined by the bufting direction. The long axis
{optic axis) of the fiquid crystal molecule is aligned vertically. When an
appropriate voltage is applied, the molecule is rotated. The effective refractive

index (ng) is given by

11



[ 0056] To create a 4 level or 4 phase diffractive |lens, the innernost four
rings are grouped into one zone. This first zone conprises el ectrodes 1-4,
nunbering fromthe i nnernost el ectrode outward. Each of these el ectrodes 1-
4 is a subzone of the first zone. The second zone is conprised by

el ectrodes 5-8. The third zone is conprised by electrodes 9-12. The fourth
zone is conprised by electrodes 13-16. This organi zation of a 16

el ectrodes yields a 4 level (or phase) diffractive lens with 4 zones.
[0057] Each ring electrode 540 is impgependent|y addressable by yres 520

as di scussed above. |If éﬂg)?h ﬁLQQEEQﬁESfég@ distributed in on@ﬁlayer,
there nust be electrically Nﬁ%&F&tl %ﬁggp bet ween nei ghbori ng el ectrodes.
The gaps between the el ectrodes may cause phase distortion, and sinulation

of this dedigya relansn datthe eksaqivadedienstasthe oy agdeatiapraiadéct the
e ot Othesfid, 1L RRRAKI e M Sl BLAREARAG BpeaRy beme hilallb afg a1 Levi ate
e ul atl en

the distortion cau i'ns g gaps bet el ectrodes 1n a one |ayer
desi gn, ot hhe vetieat £:0sl 6T eomftisgpudiadiy desrminjtiaiy has dide makomurexaigdtde t he ring

el ectrodes , be ated into.t i Sl VRIS, e« a

"two- | ayer ""qE%% Pgnﬁﬁtﬁ%g QTC@Bg%iq i ﬂ§§| Efdpﬁé‘]lj hwg’h%é% g n%%ércg“ée ﬁ%ﬁ%@ﬁﬁay be

pl aced I n GAge:ehLBbEQBSs sthalsa! andiilet Beatueatiomusiigedslappliegsthergptibe pl aced
in a separate second 14 e| ectrode Ia%l?r t _e& ect.r ode

| . X Tf&e e ¥Wo di Séri c
| ayers nay 3 SUbamaeNIL algned Reral ANAIDe STeRlE BLeaVeRIXRic0] Fi gur e
5B i |l ustral eseansbrHetHinfniiesss aldgianenedried e6tdaU8Sndanbremen- nunber ed

i
el ectrodes are mterﬁeaveﬁnl nto two horizontal layers and there is no gap
bet ween neigtiben hgamulbeorealit pearizardris siwaya teepampoderpeTdecttont rol | er
or Driver SHficcommubaakes tdbauele Wiksve Hickes iiexilorfilggeeam, and the
el ectrodes are grouped rnto a layer wwth the even rings 542 and a |ayer
wi th the od8089Ingdn Budiquirhwysat eals deswitneddereinyibesonddctive gpaiedaled by an

insul ating |ayer 9102 5ddhs G i@l 2R8RBLeAUs SapiOrii& @m ghown for
a a g ﬁ%; 55?3{ an

phot ol i t hogr aphi € rication a nnmen one one mtl 590 are
al so shown, eledrades pon tirmgd; @s tudhacderciibembsrefim.om Fi gure 5A.  [0062] In

Fi gure 5B, cr ! | f z I € ern 1S

di spl ayed, [&ﬁgq]ei n %"(ﬁ(gqu@ﬁggtee\%eﬂﬁé ﬁg%gfgh@{%é}zagﬂéﬁg‘%@%h eI in two
separ at e | aygsisl lanslwitherieraed efestrgdes Bshwepriotoatiomethghbyeisng el ect r odes
when viewed in a perpendicular direction (viewed along the optical axis).

Speci fi cal I?ﬂm%rgtee that Zone m 580 extends fromrmto rmtl and conprises a
total of 4 [ebét] r edesSubdtraie, the 4 el ectrodes in Zone m 580 are even

nunbered  yoo401 420 Patierned Electrodes (individually controllable electrades),
[0043] 430 Alignment Layer,
[0044] 440 Liquid Crystals and 450 Spacer (or Spacers),
[0045] 430 Alignment Layer,
[00468] 460 Ground, and
[0047] 410 Substrate, A
[0048] Specifically, Figure 4 illustrates the general structure of the electro-

active liquid crystal lens used herein. A liquid crystal layer 430 is sandwiched
between a patierned electredes 420 and a ground electrode 460. The
patterned electrode 430 may be fabricated by photolithographic processing of
a conductive film deposited on a glass substrate, as known in the art, and the
ground elecirode 460 contains a uniform conductive layer, formed in any
manner as known in the art. The patterned electrodes comprise a circular
array of rings whose radii are determined by the focal lengih desired, as
described herein. The electro-optic effect of the liquid crystals 440 results in

12



and reside in layer 542, and the remaining 2 electrodes in Zone m 580
reside in layer 544. [0063] In this case, each ring el ectrode 540 may be

i ndi vidually addressed from an additional |ayer (not shown in Figure 513)
through vias as in the one- |ayer case. The wires 520 may be | ocated in any
convenient |ocation or |layer. [0064] One exanple of formation of a

two-l ayer structure follows. For substrates onto which patterned

el ectrodes will be applied, alignment nmarks 560 are deposited on the
conduct i ngelealyieally oamjrotaliie histisngenasr iThe phase pefileArEepsie 1aN8dS al i gnent

mar ks, suc ment of the
various ph [ﬁﬂ%{(ﬁ)}@’? ']O Pfd?{atq%@f[i@ %@%@égﬁéﬁég%@@@ﬁfﬁg?%{le of the
patterns V\besdmbaﬁaermreat ed in the proce55| ng steps associated wth use of
each mask fraomt "mask set the desired
total phot Eﬂﬂ‘@n Andughe rﬂ?ttef’%r{"m?g? 9%}1&&9 gésnam%an@ ® el ectrodes
are pattergede sﬁb@nmyUe@énb@dMﬂ@np&ncpathbema@dlaBIlemewdése a8 fidgned in the
conducting |la sin the a n herein. A

| ayer of |H€%¥ pinat Ehg ggggre@aq Qer}reawgggrsen% s% @ﬁg gécﬁ%ﬁe’%%gitet er ned
conduct or h ayie or quﬁfrﬁﬂﬁ@xidé}(HTO)OfTMﬁbUﬁéi@rcahSae@maaﬁeadl that @t he Si Q2

- and the second 15 part of theﬁgatlerned el.ectr ode ne is fornmed in the
second | ayBfoviste d@&ﬁ@ﬂ@?‘iﬁ' trapgpigsien Ardaendrnaion mﬁ‘g;a V5@ hown) i s pl aced

on the secqpghd@YRsciied W&aﬂuglﬁ&f a@@ﬁhrﬁv glast bepetqrad ieuimtin a‘tee s

conductor. The_alignment |ayer s red,b ﬁ&Yﬁs % e art such
as uni di r e&tti Jﬁélth’?mﬁﬁﬁﬁéme@ﬂ“ﬂéﬁ@ﬂiﬁw s‘%&’%ﬁ by hRRYReNY spi n coated
pol yvinyl  aLL£oRp 1a&, lﬁﬁ(ét% tﬁmﬁenb&gﬂﬁ) pl’@fn@é%ﬁé@ﬁbtbb@hdﬁd%@nﬂbutgmmnt | ayer
on one substrate IS rub antlgara el from @he al i nf ayer on the
ot her subs®p &tiek agif @O‘é!ﬁ?@me%?rt isknesq ipdhprayia fenstsﬂ'é‘ 'qul'““q crystal, as

known in t Bﬁtt [gd e%ché%@é 488 rdaly @ 18y §§iﬁé ph&o%@@@éhlcbﬁémeﬁ he

substr at es, the substrates are kept at a desired gtance apart (such

as bet vveensecfaﬁﬁlﬂ”@@eldﬁ@(?r&@ﬁ' raﬂ@s@mta)\d\/«ﬁnpwn@@aﬁg%ams' N GERET  means
known in ”{tﬁ‘oc% theﬁ%cﬁ PSPt ebg S%J&Mtu?@%é%m&é&ma@s SHGAt@s Mylar, glass

or quartz, mat er | a s usef ul rovide the desired spacing. In
order to aehm\mar@f(rormeﬂw St!‘uﬁflrﬁicf!‘ll‘-’dﬂch rq isus Bt B9 PaWerHy er nust be

thick eno n t > A/ on -
s o WA QHfegn Py ﬁgﬁ%&é’“@*"w R ey, bt

t hi cker |i Gabdo vies s Cahtects/a3e wiid nttwnamlcena%ﬁ%#&!ﬂéﬂﬁl%ﬁ@homna

Di sadvant a 58 NGectiipRR (varying as
d2) and | oggﬁ%@ abrele%‘t% }étg%dcetslc% (Setg%értgﬁ%lg??% tmmT eet riangpar ent

subst r at es icatatlrepdoe dleatrgdel S4Qiby an insulating layer (not shown), and then

the wires may be selectively contacted to the electrodes through vias (holes
or pathways in said insulating layer) or contacts 530. This type of contact
fabrication is well known in manufacturing lithography, and in integrated circuit
manufacture.

[0051] More specifically, Figure 5A illusirates a layout of concentric,
individually addressable (individually controllable) ring shaped electrodes in
one tayer. Neglecting the wires 520 and the vias through the insulation, this
layout is defined as a “one-layer” structure because all of the electrodes are in
a single layer.

[0052] Altemately, the wires 520 may be ganged close together in a bus
{not shown) running radiaily with respect to concentric ring elecirodes.

[0053] Note that other paiterned electrode shapes may be used. For
example, a hexagonal array may contain hexagonal pixels, or a grid array

may contain square pixels, or a set of irregular shapes may correct for non-
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apart that allows for the desired nunber of patterned el ectrodes and the
desired thickness of liquid crystal layer. In particular enbodi nents, the
transparent substrates are spaced between three and 20 m crons apart, and
all individual values and ranges therein. One currently preferred spacing
is 5 mcrons. [0066] In operation, the voltage required to change the
index of refraction to a desired level is applied to the electrodes by a
controller. A "controller"” can include or be included in a processor, a

M cr opr ocesyHmetAd rdiRcBE aree. dtirequiditor coapldxGhaped efguitbdes tlaybe and/ or a
chip. Typically, voltages up to .about 2 Vrons are appli .

el ect r odes .fapjEpied O\ AERPUAT 26 ?Cfaﬁvﬁn”ﬁﬁmm%&?rﬁﬁnﬁ ehﬁoﬁ%gl’r@ggre
connect ed tR4EaehHa&heErfoPdAadaiBNRlY theCasaTRIHeg hatyntthveoaribblgur ati on. Driver
anplitudes are sinmultaneously optimzed, for maxj mum, focusing,diffraction

ef fi ci ency.thivkesssdh thegdirectiere of his aPUERs ' OEh I EREHROTS RIBE o f

refraction it avdesifigthd 19425@0' siafieterm ned by the liquid crystal or
liquid crysl{ﬂ%f rrlixture used, aﬂg known in the_ art. y%éOOGB%%Fi gure 6 shows
t

an exanpl e [0054]i giMtainaigly, iastslys Withdugh pigplgiansiion Ry ontRdPY i%ual |y
addr essabl 5&??’%‘%8‘?‘%%2‘5? B@ﬁé&&@% ARFiIG@) POLI PR RIBasRetl&Resbasi ¢ focal

| ength F, erm ne the area of the original single electrode
(i.e., the geaticuatlydf moreethenitgd pidelssitingide fe)widtyel apeling@lemtodie structure
is the areag0f (. L4 onal s het foSHhnibRBRddEscan be

i ncreased a?@“rr@&ﬂ’%r@“gﬁf Eﬁ%{jg‘}“%‘ﬁ‘é?ﬁﬂr?ggﬁrﬁé‘%?u od _oﬁ‘) t he Flkbéqns wi t hout

af fecting tjpess5]di Fataoingdo Fidurd 5Aelet ys definpine(meraost éipelaaisoders he f ocal

| ength 2F. The area .of .e h El i goe that of

Figure 6A Jeg e i%%ﬁgg?%‘?ru;}%“ge‘ﬁ%‘?é?@%@s@&'&%@?@é? fookthe.” [0068]

| n one specilbiechethaiinermostelaaiotagesy prefsiriley bea uheirgleiitsteadkelts odes of a

particul ar 4-phase |evel .l re. 1.1V - .12V,

respecti velrﬁng?leﬂg'HB'fen :Ilggtg%sggﬁhnibﬁér %ﬂ@ §ézsan§6é?ééer8%'z% rlgr he ei ght

el ect rodes jll@ftrade frantia out@tad-Fibasith thevmierineatritgy @edrate. v, 0. 97V, 1.05V,

1.1 3v, 1. 1.30V, ,1.37V. and, 1. 48V, ecl | |t ages applied
DPses Toeetg et 1Yy fr PR ECRR Eh B el RO RO TR

to the ele S one€ of or skill -in the
art wit hout rintackie greldedrinioemieatonen Taiufirar 2ne donmpiseorlasirodér1 i qui d cryst al

used. arrangerE o Y%, SEl s A OLDEL [AG! PLn cPRckOBMALEEd fle art A

descri bed a I'Ve~or negative, depending on
t he desir eds {0£ alibdoRBEN the firgiSzdtiR0Whel secbhe zamé is dompised dyisdebiivdes t he

05 and 2 WBSardedivd 25es PRIy By SLETBHRE BUl Ate SGfTgpi ol ves Petveen
comprised by electrodes 13-16. This organization of a 16 electrodes yields a
4 level (or phase) diffractive lens with 4 zones.

[0057] Each ring electrode 540 is independently addressable by wires 520
as discussed above. If all the electrodes are distributed in one layer, there
must be electrically insulating gaps between neighboring electrodes. The
gaps between the electrodes may cause phase distortion, and simulation of
this design shows that this phase distortion may greatly affect the diffraction
efficiency and other performance measures.

[0058] To alleviaie the distortion caused by insulating gaps between
electrodes in a one layer design, other electrode configurations may be used.
For example, the ring electrodes may be separated into two distinct layers, 1o
create a “two-layer” design.

[0059] Specifically, the odd numbered rings may be placed in cne electrode

layer, and the even numbered rings may be placed in a separate second
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[0069] The insulating material nmay be any suitable material, including
those specifically described herein, and other materials known inthe art.
In one enbodinment, the conductive material and insulating naterial are
arranged in alternating patterns, for exanple circles with increasing
radius. The patterns may be any desired pattern, such as circular,

sem -circular, square, angular, or any other shape that provides the
desired effect, as described herein. The ternms "circular, sem-circular,
squar e, angddiote d@roThese hafisincaelecinnde ayetsanalede separeted by aver f ect shape
is formed, ra her t he sha§%¢s generally fornmed, and may include, as
known in t HeSUWANGIBYRS SUERES P2 ot her net hods of  bringi ng current t hr ough

the substr ay@s0][ OPigdle ABMULHEKEE sﬁfuy&ﬂtr@MmWOMnumbdredreleaM@deavent ion. It
is

is preferred that the swtchin IS no t.hat user
not aware @MdEvgBIMYNGSHed \RFYRdR gsrfﬁef'?t‘éﬂ?%’r? “Fth‘g{Plil’gQﬁ%ﬁ # @Zer% H?h In
particul ar tﬁé@qgh%ﬁb%eweé#ﬁﬁgﬂﬂéﬁﬁlg%bmn@s (BvdRRiyet $t€udmrq}u d cryst aI is
used as th | ectro-optic nmedium

IS enbogH rk g 6@ has an
optical redpefide frbe§ﬁ@’[f@ler@h8“‘ﬁﬁ)51Od?quﬁﬁ@ﬁ%tﬁs PUeh 9’5?? f %ﬁ?ﬁonents of
light. Pol aeﬁécﬁ%tdegnadd%ﬁ@%%cftﬂo}d@s Al QbesEmica |!dy@klknﬁih¢ﬂie’§\t’e’ml rie@n al so be

used, in which case a polarizer unnecessary he I|gU|d crystal used in

t he i nvent i5#2 ansca layer vilhthe Q%@nm Thesadye el@ﬁ@@?f 'f®chol est eri c
phases that e?)gﬁaﬁséﬁ%?e r@&%‘tzhgn%}% S%?'t&ﬂi at} Qlf@%hﬁé?ﬁﬂﬁrkéﬁ@@ agadisde

controlled ctric preferred that the liquid crystal
have a wi deshme.mrébr phatelithegraphic éabrigatien a@g@enta@@ﬁmw 24 ZPRy t hr eshol d

vol tage, 3{1%@5?5%% 5@%% \?6 cﬁr’%@@&%ﬁng‘f@at{uéﬁnt zé%éﬁ&h@gtﬁ@%@ds as wel |

as proven rey” an cla aval | abi | In gne preferred
enbodi nent [OEBQI(almElgﬁte 5B ﬂlq@rcassaeymrapf th?)‘twwEéfeféf%W%%‘i‘%méﬁyl s and

cyanot er phenyl;s s l_ﬁfrg,i rnatic liquid
crystals th l%‘éeﬁjog@' Bé‘%%/ﬁ Q%ée\%lnnven ?rgﬁ?iggé Eﬁep@%tnbgf_e'agg;hﬁ bi phenyl |
(5CB), (n- cadppiate yyeds aydinel: pleowyyagSeTBRen twmeeagb&@fm egctrasies| | qui d
crystals that can b d.in 6, 7, 8, 9,
of yt he corrp‘% g'eﬂegﬁ%g’e@eﬂd p%y E E% Q{éwﬁﬁ% l&ﬂbgtg%to‘pﬁ%a)t(léxbs phenyl , 4-
cyano-4"-n- éqﬂcapytrmt@ﬂeansemﬁﬁDe)dammmmlrmm Kt uRRES CYNRIBESH E36 E46,
and the ZLI

El ect r oact |’\9§"ﬁ tgﬂ?g:%gg%% 28%8(%§eétge%s ha™ nve%&%\%ﬁ l'ec troactl ve

pol ynmer s lr@’nwm@c@nm idyeaBsparrenthe optaicalg a)elbwmiescmrf@merm a0 refih as t hose
di sclosed in ical Properties of Polyners Handbook"” by J. E. Mark,
Anerican | n‘é‘t?‘fEﬁ}r{s 4of Physics, Wodburry, N Y., 1996, containing nolecul es
havi ng unsyjmoegy i aakhip ohsy, iczeldl ring vjecatie 84Anelydet indivisiuaky agdassed

from an additional layer (not shown in Figure 5B) through vias as in the one-~
layer case. The wires 520 may be located in any convenient location or layer.
[0064] One example of formation of a two-layer struciure follows. For
substrates onto which pattemned electrodes will be applied, alignment marks
560 are deposited on the conducting layer. Any suitable material may be
used for the alignment marks, such as Cr. The alignment marks 560 allow
proper alignment of the various photolithographic masks to the substrate and
therefore of the patterns which are created in the processing sieps associaied
with use of each mask from the “mask set” that was made in order to have the
desired total photolithographic definition of the electrodes when the electrodes
are patterned. One part of a zone of pattermned electrodes is formed in the
conducting layer using methods known in the art and described herein. A
layer of insulator, such as SiO, 550 is deposited onto the patterned conductor
layer. A second layer of conductor is deposited onto the Si0, and the second
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donor and an acceptor group (referred to as a chronophore) such as those
disclosed in "Organic Nonlinear Optical Materials" by Ch. Bosshard et al.,
Gordon and Breach Publishers, Ansterdam 1995. Exanples of polyners are as
foll ows: polystyrene, polycarbonate, polynethyl nmethacrylate,

pol yvi nyl car bazol e, polyi m de, polysilane. Exanples of chronophores are:
parani troaniline (PNA), disperse red 1 (DR 1), 3-nethyl-4-nmethoxy-4"-
nitrostil bene, diethylamnonitrostilbene (DANS), diethyl-thio-barbituric
acid. El eqarioafdhe peligoey sleckodaszdre :@fqm@dermtrwseca)wdwer oM ng a guest/ host
appr oach, c)0 ﬁﬁdﬁgval ent incorporation of the chronophore into the polyner
i's (pendant 4 in-chain), and/or c) by lattice hardeni ng approaches such
?s c; 0SS- I[Dmﬁ]ngAn%@kmemayer {hbieshenn) i B8] orPtHeyaa@ondi lagyei of crystal s

PLCs rraya u i,n_the invention Pol i | s are al so
sonet i nes r&f a'r'?tgﬁla?%wﬁ the a%ﬁ"&'d&”%]‘{%ﬁﬂsucﬁgd” §{mh§ nﬁ%ﬂ%’?’ ul ar mass

liquid crygirgpsred B9lniedreiimbands e am)‘al}tm?ai:Sunldtht@haiLrublmnpogut'resﬂy and/ or

nol ecul ar co Oail tes.. PLCs are .co Ea]t (iont a]| S ltaneousl y
ol at vl y PH OB Bl SHB CRaRE PO h A T RBLEOR G K sed 1 Li qui d
Crystalli n?r&i@kﬂéﬂ&ﬂi@f thé:émjtﬁn%mu@bwbﬁ@nb@uﬁﬁ&hewmaéa antnparaw frBRost ow

edi ted by | sevier, New- York-London, 199 Cha ter .
Exanpl es of“@@h%““&?@ ia\f%l"?ﬁ’%? Riker Sybstiate o Fis dews) Pioreg gl benzoate
si de group tﬁ@ﬂq&l&!@%fsia?'é@!hﬂ:fwrﬁﬁ"iﬁ@b!ﬂd% la{:é}Q)?ﬁhuB@ry@m bEHET sed l'i qui d

crystals (PDLCs) may al so be used in the invention. Cs consi st of

di sper si onPedwesn Kig Whekgigs aanddhe sresteaiph ate kol ghe ,desqgj( distancenese

mter!al s 2 My y,f ar aligned
phases. ( NCAB GRRBUTPHEbbUOBR SCA R 20 Bk Sond AaryMRIBLI Spactie B binee

sol vent - i ncm@@tﬁ Im%@nél@aﬂaﬁﬂ@w@mwe a@h@e%f@ldyﬁ%tﬁf@’aﬁﬁcbﬁsl“ﬁ(ﬂfeed phase
separ ati on dELFSlousf SN RS (EEh FBIRE . BEs B BRoAGe! i M xLUres of

liquid cry 5 (Norl'and product's, nc. NJ) ;
m xt ur es ofOFEGﬂO(aBmQMW@ﬁ@i@!’YE dﬁ@qﬂ@ﬂ%ﬁw esiFhlaver must bl . i xt ures of

49, (B0 Vet 8l 80 BroPM UG of ot bl o ERABBR s I RN geypihhrof Dy dr oxy

pent a acryla vin rrol1 done ghen yl gl yci ne,
and the dyeuiﬂrs@n&eﬁmbireﬂ[rwmqs ofﬂrdﬂeymtd@v%tbi thpdiel but Hhigker bayidt al s~ ( PSLCs)

can al so be, tr%%qglqayé}skgﬁto a%‘arlsta'ttﬁgu ot V\:hl rﬁzz r@&&cﬁ\}alﬂlta?eyﬁﬁht&%?s' st of a

liquid crys tmor r constitutes |ess
t han 10% b)peﬂelr@mded@ng h@tdhllmﬂimes Grayngbs AR EpWUD@@@i @ﬁ@fﬁ@&%ﬂ e nononer is

d
i xed t ogeletdhithuihol i (huRbYRe bupdibdtar b BRloURIARGAR, T ti ator.

apart that allows for the desrred number of patierned electrodes and the
desired thickness of liquid crystal layer. In particular embodiments, the
transparent substrates are spaced between three and 20 microns apatt, and
all individual values and ranges therein. One currently preferred spacing is 5
microns.,

[0066] In operation, the voltage required to change the index of refraction to
a desired level is applied to the electrodes by a controller. A “controller” can
include or be included in a processor, a microprocessor, an integrated circuit,
an IC, a computer chip, and/or a chip. Typically, voltages up to about 2 Vrms
are applied to the elsctrodes. Phase-synchronized, wave-form controlling
drivers are connecied to each electrode group in common-ground
configuration. Driver amplitudes are simultaneously optimized for maximum
focusing diffraction efficiency. The voltage function required to change the
index of refraction to a desired level is determined by the liquid crystal or

liquid crystal mixture used, as known in the art.
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pol ymeri zation of the nonomer is initiated typically by UV exposure and the
resulting polynmer creates a network that stabilizes the liquid crystal. For
exanpl es of PSLCs, see, for instance: C. M Hudson et at. Optical Studies
of Anisotropic Networks in Polyner-Stabilized Liquid Crystals, Journal of
the Society for Information D splay, vol. 5/3,1-5, (1997), G P.

W ederrecht et at, Photorefractivity in Polynmer-Stabilized Nematic Liquid
Crystals, J. of Am Chem Soc., 120,3231-3236 (1998). 19 [0075]

Sel f - assenidgeg] noF um@shmmmmmaloédigﬁakmﬁbbdgcaﬂ@nm yegngéhe used in the

el et 1 oaci .mﬁx'né@sseﬂ%sed@ S poe prii® RN e Rb ORI o' leing the

fol | owi ng %B&&Q@é‘aﬂ‘%ﬁ tH-lan.QrﬁIm rSc@’c@tdﬁmd b tHemsrewf theravigiriahginglel yel ectrol yte

deposi tion (pol yanl on/ poI catjon) fro S-S0l ar beam
epi taxy ne EqpdBR PP ‘F"?Q{/ﬁ?ﬁé@r‘?wﬂ?’%@ g —g p%'ﬁ)éuag‘{;ﬁﬁ%gﬁuecggééi ons (for
exanpl e: Oﬁ%@%éé SNh@rdFélﬂaﬁﬁﬁ?tB@&ﬁma@l frhassentsngth carl bé Inayemsedeposi ti on) .
These techni ques usual

hi k fol th
about 1 pmio [OEPks Qilﬁ%b\[?@f?aﬁﬁ‘é ﬂﬁ%ﬁ??’%{ Hgi%s"&’lﬁ’b‘??% Atﬁg e?s?] gr owefiZs o

further detg %@t;o‘ﬁfeﬁifﬁ@rﬁ? fGr‘épﬁ’(@"ﬂﬂr@%?om@dhmslen@hfﬁi%rraataréaens and
el ectrode con uration are usef ul

or vario For exanpl e,
a lens can dbeacmﬁm%@ubmnea of Elgrn PR i Wicq 1ghet '@‘r' ﬂ?ﬁgﬁfa(?ﬂ?@l cr ys{rgl

can be sandy ehed 'rBBtW gsgkectrode plates vvlth a gradi ent
refracti ve%l Y exgc%an e. e | at c%aer makes the |jquid,_cr y%tmgal i gnnent

easi er and [00@8]celr onempménc aameie: Jea veltieges appliad todhp feRie % addi ti on,
different ckaGllRif 200600l Mikakdl A%y 43R B8 4Bednlin 720e et hods and

devi ces of cif i nvent'i on ese ferént | ens and el ectrode = zone
confi gur at iresysectinely.dh lnepthes ekagpleathcoipages RPRIGH 9 H1g pightglectindesi nt ended

to be included %%Q%g[sw%;%%\?%lr%ﬁ?@%w1%@lw Widgv, |1n1q;\)v|1dgw | y addressabl e

patterned ecf &R er to overcone the linitations of
previ ous desB@wisi.3Bacnd 1e41%\é,tree1wtiseib26h@mﬁagﬂ$ea%%@&W@cﬁ'%ﬁ@é’?? ode nust

be |nd|V|duaII d S lications are
pr esent ed. Kol gy%e\}gﬁn %I?gﬁ% F‘L e:éﬁng%g%wpgggl | ength and

mul tipl es odxpehmenttiomant arqaﬁmbn béﬁfmlmulmmst@tmﬁﬁd pyapgeeiéher al and

| t f | £ b
val ue o1 e Ly RthTactBly 8 kablf il B Ay B PSR e Cone der

t he gener a|v<ﬁbgda5:¢:emﬂe pbsmwequn mbgamys,tcwpehélng Osiﬁbmeﬁlfﬁ‘ og@ir!@ngﬂg and the
electrode pattern shown.if ELIULBodMeRt e Wthes BopitatoRiase

electrodes are positive or negative values between 0.5 and 2V, and all

individual vajues and subranges therein.

[0069] The insulating material may be any suitable material, including those
specifically described herein, and other materials known in the art. Inone
embodiment, the conductive material and insulating material are arranged in
alternating patterns, for example circles with increasing radius. The patierns
may be any desired paitem, such as circular, semi-circular, square, angular,
or any other shape that provides the desired effect, as described herein. The
terms “circular, semi-circular, square, angular” and other shapes are not
intended to mean a perfect shape is formed, rather, the shape is generally
formed, and may include, as known in the ari, bus lines or other methods of
bringing current through the substraie.

[0070]  Any liquid crystal can be used in the invention. It is preferred that
the switching time is fast enough so that the user is not aware of a delay in

switching from one focal length 1o another. In particular embodiments
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profile across the lens is adjusted by applying proper voltages to the
patterned electrodes and the phase profile determ nes the diffraction
efficiency. 20 [0079] Individually addressing the subzones of the patterned
el ectrodes allows increase of the zone period and thus increase of the
focal length wthout sacrificing the diffraction efficiency. Assune the
geonetry of the electrode pattern is designed for focal length F with

L- phase | evel phase nodul ation. Based on Egs. éZ W (2 ? an 3), if the
zone per i atbscrited sereinng memsdia ligwd zrystal inysask 3 ﬁg‘g%@éngCt "8 ghbori ng
subzones i,nt i , i g e dighd t® two nei ghboring
el ect rodesif] t@ﬁ%&%toﬁgn%’ctg?%eﬁr%ﬁl ‘?@%E’%@éﬁﬁ%@% w t hout change of

di f f ract i amitekbhalipetoizalidi gomponentspitighhr Pylarization-igsRistivied el ect r ode
pattern, the focal.|ength c Led : : : i ncreasing the
zone peri ﬁ%%?%ﬁ'ﬁ}”d?fgﬁ?‘ C%?lﬁ&% éég%%% |"{'/glpi§ﬁ C&g%grpé:ii?r;/z?rgzhe focal length
can be varjgckssdy Tre liagidecrpsial useddn et ingentioniyclidreiheas it farie  zone
period to k r,2 . [0080] |f the indiyvi S el ectrode pattern
i s desi gnetPREc: ﬁ'ﬁ‘gc*éﬁzlQkP?QJQStP%gﬁ%ﬁetsﬁgéa@ég%%%g%[og@)%/% P %%usi ng power of, for
exanpl e, 3okbrRpicng! oribolat cdreng timtfollad 38that dediriafields i iepediefietise st eps,
the lens has a diffractiqn efficiency of 95% [AC ing the period

twi ce, thethﬁbﬁ‘ﬁll'qp@ﬁlﬁal&ﬂv? ab“%‘deinﬁm%tggeérﬁp?%&&%l@%(’s.&g%ﬁcm (f ocusi ng power
= 1.5 di op4RinhbiMy, low hhssheld voragaditrgel slecttoaktivedsipoie anteetisi ng the peri od
three tines,” the focal lengths will Pa% [ ncrgq?sglg\lﬁtgﬁnqgrcﬁi 100 cm

cor r espondswiiEhing speedeas Wl 8 REvepstapilly g Eis etRe efficiency is
still the SRR h Bﬁég?&éﬁgd bh®oBRidnetET GiMerhativeiiguid trgstaf mbadrel engt h wi | |
be increased to 4F = 133.32 c corr?sgqngi g}gﬁ{t@ﬁ.a focgu}gi ’]ﬁ ‘egﬁy\er of 0.75
di opt er, whi ¢yanphighems anda@noirpgny'y sq'paYy S AHEF G oot Y® Parger  focal
| engt hs (sgﬁlﬁk S 89 cAielbe beociphheireentivn aret pentglame
ef ficiency. g%mtgﬁ(g@é&ngwig@fﬁﬁr ned of f, there !38 C} cusin ower. Tabl e
2 shows payaneehiphanyl GCRIaf-otHorYsYagLRORAYILS 9%8 fﬁaﬁ ?f?"?% ® each
subzone  of; i?f%ﬁjd %Eﬁfs’trétén%é’@ée%f in tRfvénibrofeahe hedds s5,:8,6, 8hawn i n

Tabl es 3-5" rkspectively. These construction paraneters cap e cal cul at ed
fromthe et]ih!&tdotm@Up@%é@ﬁ@@ét“ﬂé@’&"h‘Phﬁéyi%zﬁ‘B'rﬁ’?n’fY@’\Xg?éﬁ‘eﬂﬁ' 43ubzone

boundari es far, sthenlhs ee fAoHS NG RAMRSEiaMXilres sash by E36eE46, 0081] Tabl e
2 gives exg\t{r’p Oe% llic]) Ikggﬁne%‘ggf the’af ocusi nﬁ powers that can be achieved using
i ndi vi dual bgd dudZidsseaibs erasietyePiiddBdlide F{Sdé%‘ése):é’z‘%i% the elenentary

205" v PR SRR ER ok 8y Asomk ot b meamtt oL (1 21 ons
Electroactive polymers include any transparent optical polymeric material
such as those disclosed in "Physical Properties of Polymers Handbook” by J.
E. Mark, American institute of Physics, Woodburry, N.Y., 1996, containing
molecules having unsymmetrical polarized conjugated rt elecirons between a
donor and an acceptor group (referred to as a chromaphore) such as those
disclosed in "Organic Nonlinear Optical Materials” by Ch. Bosshard et al,,
Gordon and Breach Publishers, Amsterdam, 1995. Examples of polymers are
as follows; polystyrene, polycarbonaie, polymethylmethacrylate,
polyvinylcarbazole, polyimide, polysilane. Examples of chromophores are:
paranitroaniline (PNA}, disperse red 1 (DR 1), 3-methyl-4-methoxy-4'-
nitrostilbene, diethylaminonitrostilbene (DANS), diethyl-thio-barbituric acid.
Electroactive polymers can be produced by: a) following a guest/host
approach, b) by covalent incorporation of the chromophaore into the polymer
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focal length is varied. 22 Table 2 Focusin ower Phase Diffraction

Area of each Wdth of the levels effici engpr' = kF subzone Iastosull;z\(;ﬁlaue
3 diopter 8 95% 1 1.453x105 n2 4.6 m(F = 33.33 cnm) 1.5 diopter 8 95% 2
2.906x105 n2 9.2 m (F 66.67 cm 1 diopter 8 95% 3 4.359x105 n2 13.8 m F=
100 cm) 0.75 diopter 8 95% 4 5.812x105 n2 18.5 m (F 133.32 cm O diopter
Not - Infinity - - (Lens OFF Applicable [0082] The significant advantage of
the individually addressable patterned electrode is that it truly provides
the sane I(easdmttahdmmt_ﬁ-&halpi,iavléf%'éibﬁblﬂtﬁ'q@}‘é\‘r@‘?”'“%‘??r@?&ﬁs U5 FSi ng pover s
with the scqngs_plﬁqi%gq(hg\ﬂﬂ%{Hecdrgncy. [0083] In this application,

adj ust abl e Eal ngtns are he el enentary focal length F and nmultiples
of the el goonzjar Polyooalligliemgydials TRUSs) may aég&emeémmemv%wadj ustnent is

also F. For example, if, the elec ' ] t

ength of ROVER T AERE S e et A e 207 cm

ggspm danq;cggnlgilf@,, ldmpml bhbilal ass lifuidtchetals reclireisfiraing pPEWIs,|iéngt hs  are
ired, a smaller elementary fqoca e wh '

oo, el et ST gl AEAleyh EAGER 3% B cupsimerugrer, when F i

Z\F/):ir It ;LF; ?ﬂﬁ%iﬁ%@nmﬁanleguﬂgélamy ridio an Klexiblessaquindes ish@sdhosd th currently
. echni gues. 2 ntj nuous adj ust f : i '

desirabl e digclgaad '_@nqu_H@ 9@5}5"5““\939 Cﬁ%ﬂ rsls%'r ngﬁh?t?] Fe(?atﬁgl?g “‘tegg’ggg‘f)[ 02I8I4] s

ggtn It Iemj zugtlnﬂ mé«ﬁﬁ%gp@%nhea@-A.Flhlcisony@ggigeemr,tmm4mS~Lomma\1992,he capability to

e the foc ength in a desire For thi
a nore geﬁéﬁﬁﬂer Eieglxaﬁ‘pl?étqfu%&ﬁs 'W“@@W%ﬁ%@%é@q@ﬁ O\C/)v; colntS i gﬂgggse,
ZFJG gf: g‘égfscﬁg}ogh@nﬁl QeRkodis BbyroliS aflesekt biedianbovipourtdse pat t er ned

o o shorwmst e Ry ST o T SHLED BhERLOEED, 1109,
the focal |ength BENOSLRiRARbERIRS. of iguideashaldespleisdn hgobimdrengt h, t he'
size of each subzone of all the zones can be cal.cul ated.using Egs. (2a)
and (2b). maiétThese MadEls can be made in several ways: (i) by nematic

curvilinear aligned phases (NCAP), by thermally induced phase separation

(TIPS), solvent-induced phase separation (SPS), and polymerization-induced

phase separation (PtPS), as known in the art. Examples of PDLCs are:

mixtures of fiquid crystal E7 (BDH-Merck) and NOAB5 (Norland products, Inc.

NJ); mixtures of E44 (BDH-Merck) and polymethylmethacrylate (PMMA},;

mixtures of E49 (BDH-Merck) and PMMA; mixture of the monomer

dipentaerythro! hydroxy penta acrylate, liquid crystal E7, N-vinylpyrrolidone,

N-phenylglycine, and the dye Rose Bengal.

[0074] Polymer-stabifized liquid crystals (PSLCs) can also be used in the

invention. PSLCs are materials that consist of a liquid crystal in a polymet

network in which the polymer constitutes less than 10% by weight of the liguid

crystal. A photopolymerizab!e monomer is mixed together with a liquid crystal

and an UV polymatization initiator. After the liquid crystal is aligned, the
polymetization of the monomer is initiated typically by UV exposure and the
resulting polymer creates a network that stebilizes the liquid crystal. For
examples of PSLCs, see, for instance: C. I4. Hudson &t al. Optical Studies of
Anisotropic Networks in Polymer-Stabilized Liquid Crystals, Journal of the
Society for Information Display, vol. 5/3,1-5, (1 997}, G. P. Wiederrecht et al,
Photorefractivity in Polymer-Stabifized Nematic Liquid Crystals, J. of Am.
Chem. Soc., 120,3231-3236 (1998).
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23 of rings can be chosen to form each subzone and appropri ate voltage can
be applied. If the resolution of the rings is good enough, the lons can

al ways have high efficiency with no significant change in efficiency as
the focal length changes. The resolution necessary for the patterned

el ectrodes is determned by the size of the subzones in the |last few zones
for the desired |l enses, as described herein. [0085] Figure 7 shows
continuous adjustnment of the focal length using individually addressable
circul ar ajouag] of Seif-esterides nevlinhapsusamolesdler sUwes Wﬁ}’eal%é@ exanpl es in

Geomet i o Bar e FuBRfH g5 BBEed foMHebPhugafisREdlr shttfies? T 0e*:

depi cted imoﬁmrmé@maétiveﬁasy@madc’rgamisfﬁimstwn*@hwanrbeifgbmq%edaﬂn@;s of the
zone boundary, [0086] An exanpl e of nt i S ' cal length
}‘rom _-3018 eﬁogfgiﬁﬂia}?ﬁf;ﬂﬁcyﬁ%s‘i aggg;wggﬁ%gﬂﬁi%éﬁ%%@% éi{é:ﬁg%; OI ht he
ens is dBPb S IvafioRlpoRivatien)frou hqiecrs soduiioss; rate the

pri nci pl e, EE% éeoér?e?tri C patgpzme%ﬁrs Lor t he a%juu ta\t%Ia ign%c( i ng powers of
3D, 2.5 D, eptpxyinatneds) sgauentipl SYIPEss PR cpygents Rﬁ@re ?‘he rg%i us of each
zone boundagymaRd of@owcHlbiogitine-8asdt satbasrential muhikayeadepasitondr two zone
are clearl g_hshown. re detail ed ﬁarfﬁrgg&]ers f ese s _can be found

. . Lh |, en
in Tabl es Fhese fachpigusedpuallydead igthip ?Y'Eﬂlaghck%%sﬁsqfrln%gsgﬁ%r, t he
vari ation %ﬁaoﬂﬂ”‘? W dth of each subzone is very snall at the edges of these
| enses, and the {'/'ariation is even smaller as the aperture of the lens
i ncreases. For higher focusin ower, the wi dth as, wel.l aséieseﬂhle rea of

each subzof@0id s _mqﬂ&hﬁh%@@p\?@ﬁéﬁé’ﬁs‘@m@@? PEERN povidegiudlh his area.
[n this exagplfc Xifben! SRoIARkROlIBATR IrsFaIediododogfgurtita 1 pm

several el ectrodées c be conbi ned together to formogne subzope and the
3 ch

boundary ofareastfukiobyarimsiscmpligationsu faeeraraplens lepp 8RS IBIMAPEDES  boundary.
Conmbi ning t ’ . i N bages iFhem [0087]
For exanpl esfaﬁ?@b%m‘ilﬂggﬁygg%gp?%%Eﬁfea_l %ﬁ Bgsgﬁ{gﬁfr odes caﬂtpqhena conbined to
formall thdecubegses vith agiadiast renpetiveriadet shanogud P8R! a1e8dNe gener at ed
simlarly. .The jid 1SR : b ik @asten  di ffraction
effici ency.hqaﬁJ c{rﬁslefgge}hﬁgp%hg%%i in tﬁg\’%{l gmﬁﬁ%hééff%érﬁ% center, of the

lens, if sianitchingf ihmad@ti@mtdifwe@f_@lﬁe@%@ﬁe@ﬁ@?ﬂtrﬁ@rﬁ@é‘@%‘f%"can be

M gner 22 YhanGyA MeRGR AN il [EAG. Oy REIdiR 8ROKnG R BRctdgs cased | 1

that area. raction efficiency woul d be al nost the same
when focusizege configurations and other configurations as known in the art are intended

o be included in this disclosure.

New design with individually addressable patterned efectrode:s
[0077] In order to overcome the limitations of previous designs, each

electrode subzone of the patterned electrode must be individually addressed.

Here two different exemplary applications are presented. One allows
switching between the elementary focal length and muliiples of the
elerentary focal tength. The other is more general and allows continuous

adjustment of the focal length from the minimum possible value to infinity.

1: Discrete adjustment of focal length

[0078] Consider the general siructure of liquid crystal lens shown in Figure
3 and the electrode pattern shown in Figure 5A or Figure 5B. The phase
profile across the lens is adjusted by applying proper voitages to the pattermned
electrodes and the phase profile determines the diffraction efficiency.




power is adjusted. As the focal |length increases from1l m (focusing power 1
D) toinfinity, the width of each subzone increases, and all the subzones
can be generated by conbining a cal cul ated nunber of el ectrodes. Therefore
inthis exanple, all the focal lengths from-30 cmto infinity (focusing
power fromO to 3D) can be adjusted, and the |l ens can be used for all the
subj ects who need <correction in this range for different distance vision.

[ 0088] As pointed out above, since the zones close to the center have

| arger geor@@#d]c mdzequaﬂlhéddwss!hwh%ﬁuhme%DE@EW@@@@@*@%@@&&I ler in that

area (the glze; tr%free{s@eof‘?r%\eef eo}gﬁﬁ)dcén%stﬁué fic S | arger than

those in the I'n conp L%%ﬁe area close to the edges.
I f the sanmit?ﬂehmdrmcmg thed @lﬁtaoodnesffm@nmp%ssumetthe gapeatrglobte to the center,

hi gher ph ed
ner eased. SSEBT PRSI A CaaRTe LR, EH] E fuf PR pBag CL ooy M be
bi xi | at ed spgdiidtlon. 18485 oIzl plegr (Whane Bmie sonetpangaliris pi xel s are used.

These pixels may be in multiple layers to reduce or elimnate gaps when
vi ewed per pesydasad tard !:tyogrou;buagsudmyttwam;gmonng aubzones fréo 2nédyer s of

circular electrodes illustrated in Figure 0090] A%Ihtgo‘gchthe
descri pti orRPRBIS the@@meam!f@gmveéwe&efgf@f?ﬂ'ﬂ%@!e fredRse thadHBafeahot be

const rued Eiéndth i éﬂemgea 'fl§2!3§\f?tl%8ut%fhahbé of Bﬂfﬁéﬂtibﬁ@ﬁlcmﬁcy pEgedy  providing

exanpl es of sone of present | % preferred enbodi nents of the _invention.
4

Addi ti onal SEwifady, withitae ﬁ*@ Gietiede paitera.dbp&oce ]eF‘H@ GamREYareH o Bite
i nvention |4§: not ]hg}e%gggrﬂpe Hg&pé%bo?ﬁﬁg]aches pb‘?ﬁ%w Gy& Fﬁi al SO be

used in mcr’Osc pes ors ars: " &nd’ ‘any opt ca ’ devi ce

through  wWhhé fooay réﬁg‘fh dEYbd RRled th RFARWE & b@élilveamtégel'ﬂ byagcreppiagens to one of
ordi nary skill he art, the invention is useful in other fields such as

t el ecomrumZ@aBlP@ﬁQd to brptl cal SW tches and nedi cal devices. Any liquid

crystal or ryst d phase
crystel o gibifor fiBL i Al aBliEhabe A BbaRBRIOASe hlenfF Rk o
invention, mkpkvosns Whmlahemaey foauying kotvker ofnfarrwamret, 3 dm;iterr m ni ng the
pr oper voI t.age, and pl g e voI t age materi al s
to produce g% b'ér’@@g? ﬁéssg ‘?@aﬂ?ﬁ% gegre[)p. Efsl?nsg &hq ll?“l%ﬁ' qcfﬁg e art. 25
[00911 Everaffickendyas 96%. CBybicraisherthebedodpdos the fabesenpthediioe  exenpl i fied
can be used to practjce i nyention, unle erw se st ated Addi t i onal
conponent s 'Eﬂéﬂg‘%{&f’(ﬁﬁ: T?Qf%ggt BB‘I’%}“Q RRWEIGT ? }gﬁg&ﬁgé@”eé%%?ﬁ%ﬁn@\l s for the
vol t ages angsanysadey tricmﬁng)ﬂhélp@ﬁbd cnepones! thedoeal keroiws wid bane of
ordinary skill in th B and incorporated wthout und & erimentation.

increased to 3 =100 cm, corresponding to a focusing power O 8

while the efficiency is still the same. By increasing the period four times, the

focal length will be increased to 4F = 133.32 cm, corresponding to a focusing

power of 0.75 diopter, while the efficiency is still the same. Analogously, larger

focal lengths (smaller focusing powers) can be achieved with the same

efficiency. When the lens is turned off, there is no focusing power. Table 2

shows parameters for various focusing powers. The radius for each subzone

of 3-diopter, 1.5-diopter, and 1-diopter lenses are shown in Tables 3-5

respactively, These construction parameters can be calculated from the

equations presented herein. Relations between the subzone boundaries for

the three focusing powers can be easily seen.

f0081] Table 2 gives examples of some of the focusing powers that can be

achieved using individually addressable patterned electrodes. Assume the

elementary focusing power is 3 diopter (F = 33.3 em) and the aperiure of the
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Speci fic names of conpounds are intended to be exenplary, as it is known
that one of ordinary skill in the art can nane the sane conpounds
differently. Wen a conpound is described herein such that a particul ar

i soner or enantioner of the conpound is not specified, for exanple, in a
formula or in a chemcal nane, that description is intended to include
each isoners and enantioner of the conpound described individual or in any
conbi nation. One of ordinary skill in the art will appreciate that

met hods, defengé H eneriedle 2 shews theglifraciion eifisisnansiayateisaatd amtheet hods

ot her than &ﬁ&ﬁ@h%ﬁ%ﬁhﬁkﬁally exenplified can be enployed in the practice
of the invention thout resort to undue experinentation. Al art-known
functional equival ents, of any such nethods, device el enents, starting
materials, and fabrication nethods are intended to be included in this

i nvention. \Wenever a range is given in the specification, for exanple, a
t hi ckness range or a voltage range, all internedi ate ranges and subranges,
as well as all individual values included in the ranges given are intended
to be included in the disclosure. [0092] As used herein, "conprising” is
synonymous with "including,” "containing," or "characterized by," and is

i ncl usive or open-ended and does not exclude additional, unrecited

el enents or nethod steps. As used herein, "consisting of" excludes any

el ement, step, or ingredient not specified in the claimelenent. As used
herein, "consisting essentially of" does not exclude nmaterials or steps
that do not materially affect the basic and novel characteristics of the
claim Any recitation herein of the term"conprising”", particularly in a
description of conponents of a conmposition or in a description of elenents
of a device, is understood to enconpass those conpositions and nethods
consisting essentially of and consisting of the recited conponents or

el enents. The invention illustratively described herein suitably my be
practiced in the absence of any elenment or elenments, l[imtation or
limtations which is not specifically disclosed herein. 26 [0093] The
ternms and expressions which have been enpl oyed are used as terns of
description and not of limtation, and there is no intention in the use of
such terns and expressions of excluding any equival ents of the features
shown and described or portions thereof, but it is recognized that various
nodi fi cations are possible within the scope of the invention clainmed and
described. Thus, it should be understood that although the present
invention has been specifically disclosed by preferred enbodi nents and
optional features, nodification and variation of the concepts herein

di scl osed nay be
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resorted to by those skilled in the art, and that such nodifications and
variations are considered to be within the scope of this invention. [0094]
In general the ternms and phrases used herein have their art- recognized
meani ng, which can be found by reference to standard texts, journal
references and contexts known to those skilled in the art. Specific
definitions are provided to clarify their specific use in the context of
the invention. Al patents and publications nentioned in the specification
are |nd|cat|ve of the | evel s of sHigbledf those skilled in the art to which
the i pe FOO9SE e

appr edi a‘fcéls'fqﬁé{ok;"teﬁe L@@%Sé r?ﬁragg'@ Dw‘}a;l]fsjw Fréﬁg @?g tlo ﬁﬁl’i&j&}g [ he
obj ectls_and _obt.ain-{t Vaids | aAd advantages sS—We as thpse
i nher ént_ BIIGREH. The devicés aRd® et hods aﬂdﬁéﬁg 5%? ‘h% & destri bed
her ei n é%"*&%—’@n‘?\”f‘ V- repr esemt ative o Tals ef-eftred are—exerpl ary

L LM "A ) \,lIlJSJClT I2 It_% -
and arle rio diopiesnddd % i mi t 86%ns|on & he SFE18f Bthe in AN, Changes

t her ei|n(lRr@6ATER) yses will occur to thoselskilled in-the—art—whieh are
enconpassddligtehi n [t he &pirijt &% the i nvent HotpoxAP e WIETfi n scope

of thg c{fai80 ci)096] Al |l references!cited herein are - at ed
by refler emBediomier t He exd ent |t h@5% hele i% no 5-HEAST s¥EnCcy \ﬂﬁtﬁﬂmhe

di scl gs{ife188.3Bleirg | specifigation. Sone references provilded herein ate

i ncor dor atoedlofitgt r efler eNoe  Her ei-n t o | pinénitye det aits conlger ni mg addi {i onal
devi cq cqn@pen@REp, |aAdilitaldadl |iquid crystal cell confilgurations,

addi tional patterns for patterned el ectrodes, additional methods of

anal ysi s and addit,i onal,.us t he J ven et al., The
eye and vi K98RT opthecsipnii ‘?F‘HYPéﬁ?%e é\aggailyﬁgﬁgegelsgﬁﬁ}aﬁg%%g 1997. 27
[0098] G W)@Mbtﬂb Rithatit trul@@rd\hﬁesﬂbésa:biellem@/wm thaﬂdawhwbwatddmfﬁn ve optics,
Opt. Express 11:810-817, 2003, 099 Electrically
cont r ol | abF&ersm (RAYSIPPOWRS WF‘%&'?%?a’}'%ﬁlEffaot'ﬁP&%n?‘aé%&E 1168: 352- 357, 1989.
[0|0100] J. o‘éssf’gttﬁlth@tapaizoaxmﬁl @msﬁamlﬁbqal mgtlfsairbeieb elementary focal

pol ari zati on-i nde -Cr Fres Lett.
16: 532- 534‘9@9“9Eanﬁ@6§ ?Sﬁtﬂ R{E‘iy fed e T ”“@é% o8P ol o
Fresnel | eqg; adjastflent SIS W-'l:fr'e@la&%!éiﬁ thé%&ﬂtro{iéwéj@ﬂeshgne@fod@n W tshire,
Non- di spl ay applications of I iquid st al. dey esear ch

10: 110- 125 eleemary e (PIpthpf {emchegih 93%%%4 8341 s Py B ugﬁng
nanoscal e pgR| YR, 30 cm, and so on, to infinity. If other intermediate focal lengths

are desired, a smaller elementary focal length can be used. However, when F

is small, the feature size of the electrodes becomes very smali for a large-
aperture lens and it is difficult to make them with fow cost with currently

available techniques.

2: Continuous adjustment of focal length
[0084] It is desirable to design the adaptive lens so that it can be used by

all patients and applications. This requires the lens to have the capability {o
continuously change the focal length in a desired range. For this purpose, &
more Qeneral design methodology was developed that allows continuous
adjustment of the focal lengih. As described above, the patierned electrodes
are a circular array of rings of pariicular size. Each ring is individually
addressable. A proper resolution of the ring is determined by the focal length
range to be adjusted. For each desired focal lengih, the size of each subzone
of all the zones can be calculated using Egs. (2a) and (2b). A certain number
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di spersed liquid crystals, Appl. Phys. Lett. 83:1515-1517, 2

ystal s, : : : ; - , 2003.
\1/\6_ Eg\é\,{ ieret al ., Liquid crystal lens review, Ophthal. Physiol 3 OE)'??HM] ©
1o - , 1990. [00105) J. A Futhey, D ffractive bifocal intraocular

ens, Proc. SPIE 1052:142-149, 1989. [00106] S. Sato et al

Va_rl able-focus liquid crystal Fresnel lens, Jpn. J. Appl. iD’hys
24:1626-1628, 1985. [00107] L. G Commander et al., Variable foéal | ength
m crol enses, Opt. Commun. 177:157-170, 2000. [00108] S. T. Kowel et aIg

Focusi ng by fl8Chh ibeahos@ie! 8k eaclobubehear appropiaie valiagaican By st

| _ | cell,
App: . Opt. ZrS_. 278- 289, 1’[984' LOQ109% NOL(Jth et h i thwgyssphgfi §a| C|eens
Appl . Opt . amdied 77 theppygiutionggfAhe NPgYH BH° ﬁ”%&\]ﬁo%’ %r@d% i qui d-crystal

adaptive |gnses niiiApdath nerignicant lieficichBy @9 Thediodal |
M Y. Lokt@v et g%.l, ’e%e_ frontd cgﬁtnr@fansgeste 5 b . o l qwlgi i E]S?éll]
crystal | edsewesFE reseiiiion ReTSsaAY 191t 1‘%‘?%‘903%’%‘%??{%%%@%% A Riza

et at., Three-t 'ﬂ EVe ' TAT . :
. e %k‘s SiHRaERtEE Zohgu falies yediakd lbremes, agl
Lot 1o: 100 BT e A AR T B ol o aan ot ol -, A swi t chabl o |1 fui d

crystal bidesyib@bereit.ens, Opt. Commun. 103:189-193, 1993. [0011
o o g NI o eger it 0
G oty S syt W e oBd) oo "o oo
8 Zone # Iheﬁ@%”@gg'ﬁ%ﬁgkj?g%géé %%%H ge g@%@%mﬁgﬁgﬁéﬂs 8203 352
645. 14 680 cPhiod 3 Gdindlic patarhonar B3, 25D, 80, amb0b [G8N%86. 66 91237
113792 11Lbever AerpREReramResh i Qe D ite it HE RS 20500
1308. 08 1325 d,hd4RuAdary1360. 08 T ' 93 1272.24 1290. 28

[0086] An example cf continuously changing the focal length from ~30 cm

1o infinily is illustrated here. Assume the diameter of the lens is 10 mm and 8-

level phase modulation is used. To iflustrate the principle, the geometric

parameters for the adjustable focusing powers of 3D, 2.5 B, 2D, and 1D are

depicted in Fig. 7, where the radius of each zone boundary and the widih of

each subzone for the last one or two zone are clearly shown. More detailed

parameters for these lenses can be found in Tables 3-7. ltis seen that for a

particular focusing power, the variation of the width of each subzone is very

small at the edges of these lenses, and the variation is even smaller as the

aperiure of the lens increases. For higher focusing power, the width as well as

the area of each subzone is smaller, Assume each electrode is 1 wm wide in

ihis area. In this example, since the width of each subzone is larger than 1

wm, several electrodes can be combined together to form one subzone and

the boundary of each subzone can be rounded to the closest electrode

boundary. Combining the electrodes means applying the same voltages 1o

therm.

[0087] Forexample, for the 2D case (exaraple C), 7 elactrodes can be

combined o form all the subzones of zone 45. All the other subzones can be

generated similarly. The rounding error causes very small variation in

diffraction efficiency. On the other hand, in the area close to the center of the

fens, if similar fine electrodes are used, then the phase steps can be higher
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6. 1376.99 1393.67 1410. 16 1426.46 1442.58 1458.52 1474.29 1489.89 7.
1505. 33 1520. 61 1535. 75 1550. 73 1565.57 1580. 27 1594.83 1609.27 8. 1623.57
1637.75 1651.81 166535 1679.57 1693.28 1706.89 1720.38 9. 1733.77 1747.05
1760.24 1773.33 1796.32 1799.22 1812.02 1824.74 10. 1837.37 1849.91

1862. 36 1874. 74 1887.03 1899.25 1911.38 1923.44 |1t. 1935.43 1947. 34
1959. 17 1970.94 1982.64 1994. 27 2005.83 2017.32 12. 2028.75 2040. 12

2051. 42 2062.66 2073.84 2084.96 2096.02 2107.03 13. 2117.97 2128. 86

2139. 69 21%6:1F and 6an2Dith2 ilra8ibr2dBdents cahli98ind@asad in2het3a®s. 1p214. 05

2224.47 2234.84 2248 16 2255 44 2265 275 85 296. 08
2306. 13 23.9@”?2@1 éé%% wslion g 'Ct?foﬁ"z?%"@ée a%%g?h??ai% W%gg’ g% §375. 28
2384. 99 wWerf | 1ad) 224h8 SH3 RA3H iRbreazdsR098i M FocBiRpdv 1.92
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[0088]  As pointed out above, since the zones close to the center have
larger geometric size, the density of the electrodes can be smaller in that area
(the size of the electrodes close to ihe center can be larger than those in the
other area) in comparison with the area close to the edges. I the same
density of electrodes is kept in the area close to the center, higher phase
levels can be obtained and the difiraction efficiency will be increased.
[0089]  Anocther approach to achieve this goal is to use a pixilated spatial
light modulator where smali rectangular pixels are used. These pixels may be
in multiple layers io reduce or eliminate gaps when viewed perpendicularly {o
the substrate, similar to the 2 layers of circular electrodes illustrated in Figure
5B.
[0090]  Although the description herein contains many specificities, these
should not be construed as liriting the scope of the invention, but merely
providing examples of some of the presently preferred embodiments of the
invention. Additional embodiments are within the scope of the invention. The
invention is not limited in use to spectacies. The invention may also be used
in microscopes, mirrors, binoculars, and any other optical device through
which a user may look. In addition, as will be apparent to one of ordinary skill
in the ari, the invention is useful in other fields such as telecommunications,
optical switches and medical devices. Any liquid crystal or mixiure of liquid
crystals that provides the desired phase transmission function at the desired
wavelength is useful in the invention, as known by one of ordinary skill in the
art. Determining the proper voltage and applying the proper voliage to fiquid
crystal materials to produce a desired phase transmission function is known in

the art.
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When a compound is described herein such that a particular isomer or

enantiomer of the compound is not specified, for example, in a formula orin a
chemical name, that description is intended {o include each isomers and
enantiomer of the compound described individual or in any combination. One
of ordinary skill in the art will appreciate that methods, device elements,
starting materials, and fabrication methods other than those specifically
exemplified can be employed in the practice of the invention without resort to
undue experimentation. All art-known functional equivalents, of any such
methods, device elements, starting materials, and fabrication methods are
intended to be included in this invention. Whenever a range is given in the
specification, for example, a thickness range or a voitage range, all
intermediate ranges and subranges, as well as all individual values included
in the ranges given are intended to be included in the disclosure.

[0092] As used herein, “comprising” is synonymous with "including,”
“containing,” or “characterized by," and is inclusive or open-ended and does
not exclude additional, unrecited elemenis or method steps. As used herein,
"consisting of" excludes any element, step, or ingredient not specified in the
claim element. As used herein, "consisting essentially of* does not exclude
materials or steps that do not materially affect the basic and novel
characteristics of the claim. Any recitation herein of the ferm “comprising”,
particularly in a description of components of a composition or in a description
of elements of a device, is understood to encompass those compositions and
methods consisting essentially of and consisting of the recited components or
elements. The invention Blustratively described herein suitably may be
practiced in the absence of any element or elements, limitation or limitations

which is not specifically disclosed herein.
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resorted to by those skilled in the art, and that such modifications and

variations are considered to be within the scope of this invention.

[0094] In general the terms and phrases used herein have their art-

recognized meaning, which can be found by reference 1o standard texis,

journal references and contexts known to those skilled in the art. Specific

definitions are provided to clarify their specific use in the context of the

invention. All paients and publications mentioned in the specification are

indicative of the levels of skill of those skilled in the ait to which the invention

pertains.

[0096] One skilled in the art would readily appreciate that the present

invention is well adapted to carry out the objects and obtain the ends and

advantages mentioned, as well as those inherent therein, The devices and

methods and accessory methods described herein as presently

representative of preferred embodiments are exemplary and are not intended

as limitations on the scope of the invention. Changes therein and other uses

will ocour 1o those skilled in the art, which are encompassed within the spirit of

the invention, are defined by the scope of the claims.

[0096]  All references cited herein are hereby incorporated by reference fo

the extent that there is no inconsistency with the disclosure of this

specification. Some references provided herein are incorporaied by reference

herein to provide delails concerning additional device components, additional

fiquid orystal cell configurations, additional patterns for patterned electrodes,

additional methods of analysis and additicnal uses of the invention.

[0097] G. Smith et al., The eye and visual optical instruments, Cambridge

University Press, 1897.
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T7. 5306.92 531128 5315.63 5319.98 532432 5328.66 5333.00
5337.34 )
78. 5341.67 5345.99 5350.32 5354.64 535895 3363.27 5367.58
5371.88
79. 5376.18 5380.48 3384.78 5380.07 5393.36 5397.65 5401.93
5406.21
80. 3410.48 541475 541902 5342320 5427.55 5431.81 543606
5440.32
81. 544456  5448.8!) 5453.05 345729 546153 5465776 546999
547421
82. 547843 548265 5486.87 5491.08 549520 549850 550370
5507.90
83, 5512.10 551629 552048 3524.67 5528.83 5533.03 553721
3541.38
84. 554555 554972  5553.8%  5558.05 5562.21 5366.36 5570.52
5574 67
83. 53578.81 5582.95 5587.09  5591.23  5593.37 5300.50 5603.62
5607.15
8G. 3611.87 561589 5620.11 5624.92  5628.33 563244  5636.54
5640.64
87. 364474 564883 565292 5657.01 5661.10 5665.18  5669.26
5673.34
g3. 5677.41 5681.48 5685.55 5680.62 5693.68 569774 5701.80
5705.85
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7014.
7040.
7067.
7093.
7119.
7145.
7171.
7196.
7222.
7248.
7273.
7298.
7324.
7349.
7374.
7399.
7424,
7449.

63
95
18
30
34
27
11
56
52
09
56
95
25
46
59
63
59
46

134. 7017.93 7021.22 7024.52 7027.81 7031.10 7034.38 7037.67
135. 7044.24 7047.52 7050.80 7054.05 7057.36 7060.63 7063. 91
136. 7070. 45 7073.72 7076.99 708025 7083.52 7086.78 7090. 04
137. 7096.56 7099.82 7103.08 7106.33 7109.58 7112.84 7116. 09
138, 7122.58 7125.83 7129.07 7132. 31 7135.56 7135.80 7142.03
139, 7148.51 7151.74 7154.97 7158. 20 7161.43 7164. 66 7167.89
40, 7174 34 7177 719075 7184 00 7187 22 7190 _43.-7193. 65
141, 39720(§7Q??072‘6k3928 5398 4§72%%957?6“872i'?§§ 75%d5 11 7216, 32
142. 3132 - 123553429/ 23%,81 hdgks 70 7244. 89
143, ° Eéééizéi i% 7%%@.65;9260 847264 02 7267 20 7270)38
144-9727@7%4372ﬁ9nﬂ2 7288, 0975328652037 288442 7282161 729%. 78
145. “73025w207305. 28 7308. 45 7311.61 7314.77 7317.93 7321. 09
146. 9?3223%1237333@256 3827 7181838658%1973487609 %951217 7346. 32
147. 735 73 8 2.04.73 7371. 45
las. %377 g%%i %%%%_9§M§§€7§%§€§3S%ﬁ%§ f%@ 7396.50
33 149. 72 57558%@5 887 7409:39Qs 74skR3dl 2 572635. %49372418. 36 1421.
150, 742737067430, 81 7433. 92 7437.03 7440. 14 7443. 25 7446. 36
151. 9745296657 496367 BB, 7717451 S8ITTAGRIG6 MBS06 7471. 16
502845
96. 593235 5036.24 5940.14 5944.03 594792 595180 5955.69
5656.57
a7, 5063.45 5967.32 5971.20 5975.07 597894 5982.80 5986.67
5990.53
98. 599430 599824 6002.10 600595 6009.80 6013.04 6017.49
6021.33
g0, 6025.17  6020.00 6032.84 6036.67 6040.50 604432 6048.15
6051.97
100. 605579 6059.61 6063.42 6067.23  6071.04 6074.85 6073.66
6082.45
101. &086.26 6090.06 6093.85 6097.65 610144 6103.22 6109.01
6112.80
102. 611658 612036 6124.13 G127.91 6131.68 613545 6139.22
6142.98
103, &6146.74 6150.51 615426 615802 616177 6165.52 0169.27
6173.02
104, 617697 6180.51 6184.25 6187.90 6191.72 619545 6199.19
6202.¢1
105. 6206.64 621037  6214.09 6217.81 6221.53 622524 6228935
6232.67
106. 623637 624008 624378 624749 6251.19 625489 6238.58
6262.27
107. 626597 6260.65 627334  6277.03% 628071 628430 6288.07
6291.74
108, 620542  6290.09 6530276 630643 631009 6313776 631742
6321.08
109, 632473  6328.39 6332.04 6335.69 633934 634299 6346.63
6350.27
110. 635391 6357.55 6361.19 0364.82 6368.45 6372.08 6375.71
637934
111. 638296 6386.58 630020 6393.32 639743  G401.05 6404.66
0408.27
112, 6411.87 641548 G419.08 6422.68 6426.28 6420.85 6433.43
6437.07
113. 6440.66 644425 644784  6451.42 645500 645859 046216
64635.74
114, 646032 (472.89 647646 6480.03 64R83.60 6487.16 549073
649429
115, 6497385 550141 650496 6508.51 6512.07 651562 6519.16
632271
116. 652625 652080 6533.34 6536.87 654041 6543.95 6547 .48
6551.01
117. 655454 6558.06 6561.59 6563.11 6568.63 6572.15 6575.67
657918
118. 658270 6586.21 G380.72  6593.23 659673 660024 6603.74
660724
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7474.25 152. 7477.34 7480.43 7483.53 7486.61 7489. 70 7492.79 7495. 87
7498.96 34 Table 4. The outer radius of each subzone for a 15D, 15-mm

8-1 evel diffractive | ens. The area of each zone is twice that of the
corresponding 3D lens (Table 3). Subzone# 1 2 3 45 6 7 8 Zone # 1. 304.12
430. 09 526. 76 608.25 630.04 744.95 804.63 860.19 2. 912.37 961.72 1008. 66
1053. 51 1096. 53 1137 92 1177.86 1216.49 3. 1253 93 1290 25 1325 64 1360. 08

1393. 67 14 A80 4 s 27 1637.75
1665. 75 16931128 6&*?2 $g1434 16;6&7773055 ) - 91 1874. 74
%?89- 25 7192 Egg 96{%‘«2@& 16%503946611&%4 8622%01363385 2@@5@5:12 2062} 66 2084. 96
7.03 1. 21/1.57 2193.06 2214.05 2234.84 2255.#44 2275.85
8. 2296.0Q8 2 6 k3664336042365 .03 @B3FE. 263CRI456TTRATHRIIO 2432]98 9.
2451. 92 ¢47o.71 2489035 2507. 86 2526.23 2541.47 2562.59 2580.57]10.
2598. 43 2616126 36336 7569681, P81 Fe6H 06T 2685950458768, £81435720. 16]11.
2737.11 2753.95 & ‘736‘969 %9@7 %%éso 3;;,%5 2820,32 283p. 67,,,2852. 93112,
2869. 09 2885. 1% 293278 26’1218.328 %’gg Z“ 2979. 78113.
2995. 26 3010 156 ; 857?2%4 . 236305675887 3681549 6AB56. 16073101, 46 | 14.
3116. 33 3131.14 3345487 3160. 54 3175. 14 3189. 67 3204.13 3218.53|15.
3232. 87 3247114 32655357385, G63.F28678698 3816152 6B39Y . $396.99
62300.40
126. 6803.7% 6807.19 6810.59 681398 6%317.37 632077 6824.16
6827.54
127. 683093 6834.31 6837.70 68%41.08 684446 6847.83 685121
6854.58
128. 685795 6861.33 6864.69 6368.06 6871.43 687479  6878.16
6881.52 .
120,  6384.8% 683823 6891.59 6BS4.94  6898.30 6901.65 6905.00
6908.34
130. 6011.69 6915.04 691838 692172 692500 092840 6931.73
6935.07 ’
131, 693840 6941.73 6945.06 6948.30 6951.72 6955.05 6958.37
G961.69
132,  6965.01 6968.33 6971.65 697496 697328 (981.59 6984.90
6888.21
133. 699152 6994.83 6998.13 700144 700474 7008.04 7011.34
7014.63
134, 7017.93 702122 702452  7027.81  7031.10 703438 T7037.67
7040.95
135. 704424 7047.52 7050.80 705408 7057.36 7060.63 7063.91
7067.18
136. 707045 707372  7076.99 708025 708352 7086.78  7096.04
7093.30
137. 709656 7099.82 7103.08 710633 7109.58 7112.84  7116.09
7116.34
138. 712258  7125.83 7129207 713231 713556  T138.80 714203
714527
139, 714851 715174 715497 715820 716143 7164.66 T7167.89
717111
140. 717434 717756  Ti8078  7184.00 718722 719043  7193.65
7196.86
141, 720007 720328 720649 720970 721291 721611 721932
7222.52
142, 722577 722892 723212 7235351 7238.51 724170 7244.89
724809
143, 725128 7235446 7237.65 7260.84 726402 7267.20 7270.38
7273.56
144, 7674 727092 7283.09 728627 728944 7202.61 7295778
7298.95
145. 730212 7305.28 7308.45 7311.61 731477 7317.93 7321.09
F324.25
146. 732741 7330.56 733371 7336.87  734D.02  7343.17 734632
734946
147.  7352.61 7355.75 735%.80 736204 7365.18 7368.32 737145
7374.59
148. 737772 7380.86 738399 7387.12 739025 7393.38 7396.50
7399.63
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3331.
3440.
3546.
3649.
3749.
3846.
3941.
4034.
4125.
4214.
4300.
4386.
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4632.
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3674.
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3870.
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53
64
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85
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3372.
3480.
3585.
3687.
3786.
3882.
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85
56
29
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78
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3386.
3494.
3598.
3699.
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3894.
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43
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3400.
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3611.
3712.
3810.
3906.
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9
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4602. 21 481,

2-25-462;

29
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32 35
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W W W W
WO

4642. 23 4652.19 4662. 12 4672.
4721.26 4731.04 4740.81 4750.
4798. 98 4808. 61 4818. 21 4827.
4875. 46 4884.94 4894. 40 4903.

02
55
80
83
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4760.
4837.
4913.

91
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4691. 78 4701. 63
4769. 98 4779. 67
4846. 92 4856. 45
4922. 66 4932. 04



4941.
5015.
5088.
5161.
5232.
5302.
5371.
5440.
5507.
5574.
5640.
5705.
5770.
5834.
5897.
5959.
6021.
6082.
6142.

41
72
95
14
33
56
58
32 4
90
67
64
85
33
09
16
57
33
46
98

34. 4950.76 4960.09 4969.41 4973.71 4997.99 4997. 25 5006.
35. 5024.94 5034. 13 5043. 31 5052. 47 5061. 61 5070. 74 5079.
36. 5098.03 5107.09 5116.14 5125.17 5134.19 5143.19 5152.
37. 5170.09 5179.03 5187. 95 5196. 85 5205. 75 5214. 62 5223.
38. 5241.16 5249.98 5258. 78 5267.56 5276.34 5285.09 5293.
39. 5311.29 5319.98 5325.66 5337.34 5345.99 5354. 64 5363.
40. 5380. 48 5389. 07 5397. . . .
IlabEM'Shmu@t@mSzﬁ esw@sbzme Bzmi DPJz 1@4@2 9613"%&15?{3%@ g‘a@g.
AXheBEL6 @8h o245 BricHBEP! ¢B couaspondigHA feny STablesy. 05 5566,
43. 5582.95 5591.23 5599.50 5607. 75 5615. 99 5624. 22 5632.
4, 5648. 83 5657 01 5665 18.5673 34.5681. 48 5689625697,
5 Sybmmeigo 5722 ’-hA l-'\7’2?'\ 11 R473Q 1Q5 l:7/|£:_ 83 5754 28 /52
ﬂZOHBﬁE?7Q 34 E7Q\R&3 232 ..5809 o810 95 306{9,629— 5826-
47. 3842, S,’5’849‘5‘? S9ET%50 DREE 1 Ba75 58" S8 4o 5889
48. 5905. %5912»6573 5%966641@9.28.4@&.5&9361324259@.893 5951.
49. 5967.13%46975. 07 5982. 80 5990. 53 5998. 24 6005. 95 6013.
50. 6029.%%-960369@223 60486432 1B088 . §9P3.605943696 606323 6074.
9l §1990'1520.26;09175'596.’75 615%8_)2 16%%%’? ?9379512(}66%95 611%;3’.2%1 6135.
1720.38
5. 1747.05 1773.33 179922 1824.74 184901 187474 186825 .-
1923.44
G. 1947.34 197094 199427 2017.32 2040.12 2062.66 2084.96
21487.03
7. 212886 215047 217187  2193.06 221405 223454 225544
2275.85
8. 27206.08 231613 2326.01 235573 237528  2394.67 2413.90
2432.98
9, 245192 2470771 248935 2507.86  2526.23 2544.47 2562.5G
2580.57
10. 23508.45 2616.16 2633.78 2651.28 2668.67 268594  2703.10
2720.16
il. 2737.11 78395 277069 278733 2803.87 282032 2836.67
283293
i2. 2869.00 2885.16 2901.15 2017.04 2032.86 204858 2064.22
297978
13. 290526  3010.66 302598 304123 305640 307149 2086.51
3101.46
14. 311633 3131.14 3145.87 3160.54 3175.14 3189.67 3204.13
3218.55
15. 323287 3247.14 3261.35  3275.50 328959  3303.62 3317.59
3331.50
16. 334535 3359.15  3372.86  3386.57 3400.20 3413777 342729
344076
17. 3454 .17 3467.53 3480.85 3494.11 350732 352048 3533.59
3546.65
18, 35539.67 357264  3583.56 350%.43  3611.26 3624.04 3636.78
364048
19. 3662.12 367473 3687.20 369981 3712.29 372473 373712
374048
20. 3761.79 377407 3786.30 3798.49 3810.65 3822777 3834.84
3846.38
Z1, 3858.80  3870.85 388278  3894.67 3006.33 3018.35 3030.13
3041 .88 :
22, 3953.60 3965.28 3976.92 398853 4000.11 401l.66  4023.17
4034.65
23. 4040.09  4057.51 4068.80  4080.24 409156 4102.84 4114.10
412532
24, 4136.52 4147.68 4158.82 416992 4181.00 4192.05 4203.06
421405
23, 422501 4235.04 424685 425772 426857 427939 4200.18
4300.95
26. 431169 432240  4333.08 434374 435438 4364.99 437557
4336.12
27 438665 4407.16  4417.64 442810 4438.53 444893 4459.32

50
85
17
48
84
27
81
50
36
44
74
31
16
32
80
64
85
45

35



52. 6150. 51 6158. 02 6165.52 66173. 02 6180. 51 6187.99 6195.45 6202.91 53.
6210. 37 6217.81 6225. 24 6232. 67 6240. 08 6247.49 6254.89 6262.27 54.
6269. 65 6277.03 6284. 39 6291. 74 6299. 09 6306. 43 6313. 76 6321.08 55.
6328. 39 6335. 69 6342. 99 6350. 27 6357.55 6364.82 6372. 08 6379. 34 56.
6356. 58 6393. 82 6401. 05 6408. 27 6415. 48 6422. 68 6429. 88 6437.07 57.
6444. 25 6451. 42 6458.59 6465. 74 6472.89 6480.03 6487.16 36 6494.29 58.
6501. 41 6508. 51 6515. 62 6522. /1 6529. 80 6536.87 6543 .95 6551.01-59.

6558. 06 6565. 11 68815 6579. 18 6586, 21 6593. 23 gggg 2 607. 24 |60.
6614. 24 6621.282 68Y (1)21448%%?5 18085435947 6%& 10 4 0%41'5 663. 00 |61.
6669. 94 6676-% 79 sgg Z}%z.gg%sﬁﬂmﬁléb‘}a?l kL. 4k H718.29 (62,
6725.17 6[732.°05 6 52.62 6759. 47 6766.31 6773.14 63.
6779. 96 6{786.548 64%9:&3594665@0 402680767092 68453.508 46820, 701.8827. 54 |64.
6834. 31 6841. 08 684174583 6854.58 6861. 33 6868. 06 6874.79 6881.52 |65.
6888. 23 6894.334 6‘9’@11';2654769@8 3108015371945 6 902% 2 BEF8. 457°8935. 07 |66.
6941. 73 6948.% 05 @gg ggl? 6 6 6 .5 988. 21 |67.
6994. 83 7001.%44 %2&3804 . &% g %3%073%?’21 ”‘?‘gﬁ% 3%56' 040. 95 |68.
7047.52 7Pp54.48 7 9466343%@&7 L4207 300623 7080285 B008. 78320093, 30 |69.
7099. 82 7[106.33 7&1P4184 7119.34 7125.83 7132.31 7138.80 7145.27
34, 4950.76  4960.00 496041 497871 49%7.90 4997.25 500630
5015.72
35. 5024.94  5034.13 5043.31 5052.47 5061.61 5070.74 5079.85
5088.95
36. 5098.03  5107.09  5116.14 5125.17 5134.19 5143.19  5152.17
516114
37. 5170.09 5179.03 5187.95  5196.85 5205.75 5214.62 522348
5232.33
38. 5241.16 524998 525878 526756 527634  5285.09 5203.84
5302.56
30, 531128 531998 532866 333734 534599 5354.64 5363.27
5371.,88
40. 5380.48  5389.07 5397.65 3406.21  5414.75 542329  5431.81
5440.32
41, 5448.81 545720  5465.76 547421 5482635  5491.08 5499350
5507.90
42, 5516.29  5524.67 35333.03 3541.38 554972  5558.05 5566.36
5574.67
43, 558295 5591.23 3599.50 560775 561599 562422 563244
5640.064
44, 5648.83 5657.01 5665.18 5673.34 568148 5689.62 5697.74
570585
45. 5713.95 5722.04 5730.11 5738.18 5746.23 575428 576231
5770.33
46, 5778.34 5786.33 579432 580230 5810.2¢ 5818.21 5826.16
3334 09
47, 53842.01 584097  5857.82 536571 5873.39 588146  5889.32
5897.16
48. 5005.06 5912.83 507064 502845 503624 594403 395180
5959.57
40, 506732 5975.07 5982.80 599053 599824 GDOS.9S 6013.64
6021.33
50. 6029.00 6036.67 604432 605197 605961 606723 607485
608246
51. 6090.06 6097.65 6105.22 611280 612036 612791 613545
6142.98
52. 6150.51 6158.02 616552 6i73.02 6180.51¢ 618799 619545
6202.91
53. 621037 6217.81 622524  6232.67 240.08 624749 625489
626227
54, 676065 627703 628439 629174 629909 630643 631376
6321.08
55, 6328.39  6£335.69 634299  6350.27 6357.55 636482 637208
6379.34
56. 63586.58 6393.82 6401.05 G408.27 641548 642268 6420.88
6437.07
57. 6444.25 6451.42 645859 646574 647280 6480.05 6487.16
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70. 7151.74 7158.20 7164.66 7171.11 7177.56 7184.00 7190.43 7196.86 71.
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5. 1353.
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1665.
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2623.
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2866.
2942.
3016.
3089.
3160.
3230.
3298.
3364.
3430.
3494.
3557.
3619.
3679.
3739.
3798.
3856.
3913.
3970.
4025.
4087.
4141.
4194.
4247.
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4. The lens of claim 3, wherein the liquid crystal is nematic.

5. The lens of claim 4, wherein the liquid crystal is E7.

8. The lens of claim 1, wherein the transparent substrates are glass.
7. The lens of claim 1, wherein the transparent substrates are plastic.
8. The lens of claim 1, further comprising an electrical control electrically

connected 1o the individually addressable subzones and the conductive

layer.
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115. 7118.39 7122.29 7126.18 7130.08 7133.97 7137.86 7141.74 7145.63 116.
7149.51 7153.39 7157.27 7161.15 7165.02 7168.89 7172.76 7176.63 42 117.
7180.49 7184.36 7188.22 7192.08 7195.94 7199.79 7203.64 7207.50 118.
7211.35 7215.19 7219.04 7222.88 7226.72 7230.56 7234.40 7235.23 119.
7242.06 7245.90 7249.72 7253.55 7257.38 7261.20 7265.02 7268.84 120.

- 7272. 65 7276.47 7280.28 7284.09 7257.90 7291.71 7295.51 7299.32 121.
7303.12 7306.91 7310. 7314.51 7318. 325,58 7329. 6 122.
7333, 45 7837, 5erms ch e Woraa e Spohiaboarl 388eL R fRSHISET 153
7363.66 7367. 43, g?ﬁ@év&?a 6364 BIRAABIY 2ddR82a1A8 sUBAMmeB4 7389.99 124

7393. 75 7397.50 7401. 25 405.00 740834 7412.49 7416.23 7419.97 125.
7423.71 7427.45 7431.18 7434.92 7438.65 7442.38 7446.11 7449.83 126.
7453.56 7 : Wdehd n8BatiA P vbils 127.

7483. 28 j§6 gh%% %&’%ﬁg% @ge%ﬁggmﬁgd7 gﬁsé%tw% 50 7509.19 43 CLAI M5
W claim 1. AmnchppsiMeabvelisi ocusing el ectrically controllable el ectroactive
|l ens conprising: a liquid crystal |ayer positioned between a pair of
transparent substrates; a Fresnei zone patterned el ectrode having M zones,
each zondihaving lensndi \ilaimald, ylusber eswapising b Z6nesipgiapt FBYied bet ween
the liquid cryg r f surface of the first

t ranspar ent Su%g?‘{ng%igyc%mggtgd g}lédé] F'geé"’%gtsr?‘?l ve integers; and a
conductive |l ayer between the liquid crystal layer and the inward-facing

her oin L8 i ndve et GRRAGr bEtelf AR EkRod p R ST cBafeede T

patterned el ectayedsrearamsparenhe sanme horizontal plane. 3. The lens of claim
1, wherein the liquid crystal is selected fromthe group consisting of:
nematic, cholesteric, electroactive polynmer, polynmer liquid crystal,

pol ynmer diigper $ad tdrisoof claiar Y31 @herepoineneatiensediblebiredal ahd gandudtivgst al , and
sel f-assenbl ed, nonlin | ecul ar structures. 4. The lens of claim
3, wherein the‘qyﬁhﬁred"%i"%"frg?x' % nematic. 5. The lens of claim4, wherein
the liquid crystal is E7 6. The lens of claim1, wherein the transparent

iﬂgiﬁ ;ZE ZZ :;: 843 iértsq d clarm ‘P fu!'therscoorgpr?slmg an augr‘%&ﬁ ayert&?rohﬁ&ﬂﬁpar ent

the liquid crystal layer.
15. The lens of claim 14, wherein the alignment layer is polyvinyl alcohol.
16. The lens of claim 14, wherein the alignment layer is nylon 6,6.

17. The lens of claim 1, wherein the transparent substrates are between

about 3 and about 20 microns apart.

18. The lens of claim 1, wherein the focal length is positive.

19.  The lens of ¢laim 1, whersin the focal length is negative.

20. A method of adjusting the focal length of a lens by integer multiples of
an original focal length F comprising:
providing a lens comprising a liquid crystal layer enclosed between a

pair of transparent substrates; a Fresnel zone paiterned elecirode

positioned between the liquid crystal layer and the inward-facing
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8. The lens of claim1l1, further conprising an electrical control
electrically connected to the individually addressabl e subzones and the
conductive layer. 44 9. The lens of claim8, wherein the electrical
control applies a positive or negative voltage to the individually

addr essabl e subzones. 10. The lens of claim9, wherein the voltage is
bet ween negative 3 volts and positive 3 volts. 11. The lens of claimS8,

further conprisi a nge-findi ng device | ectrical C ed to the
el ectri cal con?‘r"%gc.e ?é.?h%%ﬁl Q"ﬁ%s‘j%fe‘ I%Lf%ﬁr t?e, Wi e‘%éﬁ[et%g %%Eﬁé%ened

el ectrode and p@RAYICH Yéned, ay&th abfet hanspal efubzodsk, die¢ paisned claim 12,
wherein the patterned el ectrode and conductjve |a [?E%re i pdi um-tin-oxi de.
14. The |ens ofleglederaving @r@%ﬁf%hﬁ?qlﬁﬂﬁlyﬁcﬁ?ﬁ%ﬁ FCtr%f[}'@r &urroundi ng
the liquid cry i 3B Hha tHB e rB-thdigy al 1 gnment

| ayer is pol yv?é\ﬁucg?%%ﬂgi l}étwi%mt}%gﬁ\'ﬁcej%gysg%l c){garti m 14 V\,herr ei nﬁ% he

al i gnment ' | ayesuffacengfi the secend ransprrent|sshstrais; and # eleclisat eanirdl he
transparent su @tf&1ét S 1S apart. 18.
The |l ens of cl g%&f@%ﬁ%ﬁngc%ﬁ:t e %lga ezr%te%%ﬂg?gﬁgé?%g@ gygn The | ens of
claim 1, whereipplyihg thecasarhenytitages tmegach vie. inRlviduaiiyeatidigssabladj usti ng

| ength F compr PePRgP ety BoRaRs s Wb s AL OB ) T e

encl osed betwegnna. pair of transparent substrates; a Fresnel zone
patterned el ectrode positioned between the liquid crystal |ayer and the
i nward-facing 45 surface of the first transparent substrate, said

patterned gl ectrh9d@etHRavbNeidthZaneane @A ing ARfahavigiliet BUbRMEES, said
patterned electrode having a total of M individually addressable

el ectrodes; a hegafyact yaie anshrositiveBWeds the 1iquid crystal layer and the

i nward-facing surface of the second transparent substrate; and an

electrical control electrically connected to the electrode zones and the

conduct i va2.| ayév :methpmb| §f wgntinusushin@dipsinggier so@hclength 9fi i Baal |y

addressab&ﬁnn?qg-,ﬁ#trodes to adjust the focal length to kF, where k is an
0

integer fr ‘0 M L.
{a) providing a lens comprising a liquid crystal layer enclosed between

a pair of transparent substrates; a Fresnel zone patterned electrode
having L diffraction levels positioned between the liquid crystal layer
and the inward-facing surface of the first fransparent subsirate, said
patterned electrodes being a circular array of individually addressable
rings; a conductive layer between the liquid crystal layer and the
inward-facing surface of the second transparent substrale; and an
electrical contro! electrically connected to the electrode zones and the
conductive layer;

(b) detemmining the desired focal length (f);

{c) calculating the area of the mth zone of the Fresnel zone patterned

electrode using the equation:

72+ 2= (f4mA)’, where T is the design focal length and A is the
design wavelengih;
() dividing the calculated area of the mth zone by L or a larger integer
to determine the number of individually addressable electrodes that

form a design subzone;
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21. The nethod of claim 20, wherein the voltage applied is between

negative 3 volts and positive 3 volts. 22. A nethod of continuously
adjusting the focal length of a lens conprising: (a) providing a |lens
conprising a liquid crystal |ayer enclosed between a pair of transparent
substrates; a Fresnel zone patterned electrode having L diffraction |evels
positioned between the liquid crystal Iayer and t he inward-faci ng surface
of the first transparent substrate, odes, being a
circul ar array(%\applﬁﬁwli]?iﬁ%mﬁyo‘é%ﬂ:ﬂt@ﬁ HF‘@ eF Pﬁ@@"%&aﬂ %‘3?91 1| ayer
between the |igubghdes)isbdesi@kebzad the inward-facing surface of the
second transparent substrate; and an electrical control electrically
connected to the el ectrode zones and the conductive |ayer; (b) determ ning
the desirg ? F ol me@Peidt gJim)EZ ﬁﬁﬁne?é&ﬁlelh%g Befow@tear(g)a of the nth zone of
the Fresnel zone patterne el éctrode using the equation: rr + f'' _ { f'+m
)2, where f' |éetemnmtes:r@mrmaldemﬁgj@w!éﬁmﬂis, is the design wavel ength:;
(d) dividing t hyz0 r integer
to determne the. nu er o?ga)a@lﬁ@ll glhg %‘geghdtr%sgﬁe;oﬁi Iiogét'?%%%é&tﬁhat forma
desi gn subzonesledodectahpliows alh design §@¢% lengithantpebe forined iR dhBRFIODT

i ndi vidually a%g[g ﬁgabl e electrodes in a design subzone. 23. The nethod of
claim 22, furtherconprising before step (a): determ ning one or nore
design focal lengths; calculating the maximumring size in the Fresnel zone

patterned, el ectraode, t ha | o esi C hg, .t formed in a
desi gn l%zoni't'I eth%etfr@% H'oge’oﬁjr%\egic% lsn% é%tﬁerﬁﬁg) W‘[ﬁ)}el g?ﬁg” det er m ni ng
t he design f ofahl lwsggt hsmglmgacagaf-ﬁmgﬂg fdenitienty deteiroipet ibeddisiened ne t he

di stance between th ed Obj ect. 25. The nethod of claim

22, wherein th QRW@FFEIQ%EQE)BPB@G%S@%QP negative 3 volts and positive 3

volts. 47
25. The method of claim 22, wherein the voltage applied is between

negative 3 volts and posilive 3 voits.
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