METHOD AND APPARATUS FOR A VARI ABLE PONER OPHTHALM C LENS FI ELD OF
USE 5The disclosure relates generally to an Arcuate ophthal mc |ens,
whi ch can include a series of Concentric Annular Sections. Said
Concentric Annul ar Sections may conprise variable |iquid neniscuses
in between a front curve Arcuate optical defining surface and a back
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ophthal mc | ens. 10 BACK nmeni scus | enses have been
known in various industYARFABRE R WWER GRHTHALMICIHENS| ow Wi t h
reference to Figs. | A and 1B, known |iquid nmeniscus |enses were

engi neered in cylindrical shapes with a perinmeter surface formed by
points at a 15fixed distance frompgg @dpyughi ch is a straight Iine.
Known exanpl es of the use of |iquid nmeniscus |enses include devices
such as el ectronic canmeras and nobil e phone devi ces.
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exanpl e, n_inc rating a refractive quality into a |l ens can
provi de ave?gﬁ%ﬂoﬁﬁﬁ%%@f l?ﬁ%ction, a pigment incorporated into the
| ens can provide a cosnetic enhancenent, and an active 25agent
incorﬁ%rated into a |l ens can provide a therapeutic functionality.

One exanple of a contact |lens includes an arcuate |iquid nmeniscus
lens with a single neniscus wal | BASGKSHRQVBR features conducive to

one or both of attraction and repulsion of a liquid contained within
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were engineered in cylindrical shapes with a perimeter surface formed by points at a
15  fixed distance from an axis which is a straight line. Known examples of the use of
liquid meniscus lenses include devices such as electronic cameras and mobile phone

devices.

Traditionally, an ophthalmic device, such as a contact lens and an intraocular
lens include one or more biocompatible device(s) with corrective, cosmetic, or
20  therapeutic functionality. A contact lens, for example, can provide one or more of:
vision correcting functionality; cosmetic enhancement; and therapeutic effects. Each
function provided by a physical characteristic of the lens. For example, a design
incorporating a refractive quality into a lens can provide a vision corrective function, a
pigment incorporated into the lens can provide a cosmetic enhancement, and an active

25  agent incorporated into a lens can provide a therapeutic functionality.

One example of a contact lens includes an arcuate liquid meniscus lens with a
single meniscus wall and physical features conducive to one or both of attraction and
repulsion of a liquid contained within the lens and forming a meniscus boundary with

another liquid. Such lenses include a first optic proximate to a second optic with a



cavity fornmed therebetween. A saline solution and an oil are

mai ntained within the cavity. Application of an electrical charge to
the nmeniscus wall generally located in a perineter area of one or
both of the first optic and the second optic changes the physi cal
shape of a neniscus forned between the saline solution and oil
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configured to formvariable optical structures from 20concentric
annul ar seadi¢roerdachon.he oil and saline solution, based upon an

el ectrical charge applied to the conductive coating in order to
changaocharacteristics of the oil and saline. Accordi ngly,
there is provided a vari abl e power ophthal mc Lens with physical and
chem cal features conducive for i n@UMMARYN an ophthalmc lens, for
exanpl e a

According to a first aspect, there is provided an optical lens comprising:
a front curve lens and a back curve lens, wherein both said front curve lens and
said back curve lens comprise an arcuate shape and are positioned proximate to each
15  other forming a cavity therebetween;
a volume of oil and a volume of saline solution within the cavity; and
a conductive coating on at least one portion of one or both of said front curve
lens or said back curve lens contiguous to the cavity;
wherein the optical lens is configured to form variable optical structures from
20  concentric annular sections in the oil and saline solution, based upon an electrical
charge applied to the conductive coating in order to change characteristics of the oil

and saline.

Accordingly, there is provided a variable power ophthalmic Lens with physical
and chemical features conducive for inclusion in an ophthalmic lens, for example a
25  contact lens or an intraocular lens. More specifically, the ophthalmic Lens can exploit

properties of both diffractive and refractive variable optical structures.

Application of electrical charge to at least one predetermined region of one or
both of a first Arcuate optic defining surface and a second Arcuate optic defining

surface can form or change the physical shape, in discrete steps, of a series of optical



25contact lens or an intraocular lens. Mre specifically, the

ophthal m c Lens can exploit properties of both diffractive and
refractive variable optical structures. Application of electrical
charge to at | east one predeterm ned region of one or both of a first
Arcuate optic defining surface and a second Arcuate optic defining
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forman electrical termnal for providing the electrical charge to
t he steps.

15 The volume of 0il may comprise from 65% to 90% of the volume of the cavity
as compared to the amount of saline solution. The oil may comprise a density within

about 5% of a density of the saline solution.

At least a portion of the conductive coating may extend from an area interior to
the cavity to an area external to the cavity. The area of conductive coating external to
20  the cavity may form an electrical terminal for providing the electrical charge to the
conductive coating.
The lens may be configured to form the saline solution and the oil into a series
of meniscuses in concentric annular rings and to apply the electrical charge to the

conductive coating in order to change the shape of the annular rings.

25 The electrical charge may comprise a direct current. The electrical charge may

comprise from 3.5-22 volts.

One or both of the front curve lens and the back curve lens may comprise an

optical power other than 0.



conductive coating. The lens may be configured to formthe saline
solution and the oil into a series of neniscuses in concentric
annular rings and to apply the electrical charge to the conductive
coating in order to change the shape of the annular rings. 25The
el ectrical charge may conprise a direct current. The electrica
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A functional component that is not transparent may be placed within an
15  innermost concentric annular section. The functional component may include a

reservoir for a liquid.



Fig. 1B illustrates the cylindrical liquid nmeniscus lens of Fig. IA
in a second state. Fig. 2Aillustrates a cross section of an
exenpl ary ophthalmc lens in an energized state. 10Fig. 2B
illustrates a cross section of the ophthalmc lens of Fig. 2Ain a

de- energi zed state. Fig. 3Aillustrates a cross section of

anot her exenplary ophthalmc lens in an energized state.

Fig. 3Billustrates a cross section of the ophthalmc lens of Fig. 3A
in a de- 1l5energi zed state. Fig. 4 illustrates an exenplary top

vi ew section of the |lenses presented in Figs. 2A - 3B. Fig. 5

illustrates nethod steps t g&,ﬁ i t kg. 6 illustrates

a controller. DETAILED Dé%g Iﬁ%ﬁ&f@@%@ﬁ%gﬁl ates to an
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defined by the clains.
energized state.

10 Fig. 2B illustrates a cross section of the ophthalmic lens of Fig. 2A in a de-

energized state.

Fig. 3A illustrates a cross section of another exemplary ophthalmic lens in an

energized state.

Fig. 3B illustrates a cross section of the ophthalmic lens of Fig. 3A in a de-

15  energized state.

Fig. 4 illustrates an exemplary top view section of the lenses presented in Figs.

2A -3B.
Fig. 5 illustrates method steps that may be implemented.

Fig. 6 illustrates a controller.



10 GLOSSARY In this description and clains directed to the
presented invention, various terns nmay be used for which the
followng definitions wll apply. "Arcuate" as used herein, refers to
a curve or bend |ike a bow shape. "Concentric Annul ar Sections" as
used herein, refers to one or nore forned 15ring or spiral shaped

opti cal stggpgmﬁmlﬂﬁﬁ)ﬁomn center. For exanple, a series of
ring shaped sections in the optical zone of an ophthal mc |ens that
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as used herein, refers to the state of being able to supply
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"Energy" as used herein, refers to the capacity of a physical system
to do1oor IGLO)SBARYarrpI e the capaci ty to performelectrical actions in
doi ng wor k. r.gy rce sed herein, refers to the
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“Concentric Annular Sections™ as used herein, refers to one or more formed
15  ring or spiral shaped optical structures having a common center. For example, a series
of ring shaped sections in the optical zone of an ophthalmic lens that may result in a

diffractive lens which alters the power and the aberrations of the ophthalmic lens.

“Contact Angle” as used herein, refers to the angle at which the oil/saline
solution interface, also referred to as the Liquid Meniscus Boundary, meets the
20  Meniscus Wall. In the case of a linear Meniscus Wall, the contact angle is measured as
the angle between the Meniscus Wall and the line tangent to the Liquid Meniscus
Boundary at the point where the Liquid Meniscus Boundary meets the Meniscus Wall.
In the case of a curved Meniscus Wall, the contact angle is measured as the angle
between the lines tangent to the Meniscus Wall and the Liquid Meniscus Boundary at

25  the point where they meet.

“Energized” as used herein, refers to the state of being able to supply electrical

current to or have electrical energy stored within.

“Energy” as used herein, refers to the capacity of a physical system to do work,

for example the capacity to perform electrical actions in doing work.



5such as, by way of exanple, visible light. A lens may include one or
both of a front surface and a back surface which are essentially flat
or one or both of a front surface and a back surface which are
Arcuate in shape. For exanple, the termlens can refer to a contact

| ens, intraocular |ens, overlay lens, ocular insert, optical insert
or other sinmla i h i i S :
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used herein, refers to the space in an Arcuate |liquid nmeniscus |ens
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refers to work done or energy trans rre per unit

“Lithium Ion Cell” as used herein, refers to an electrochemical cell where
Lithium ions move through the cell to generate electrical energy. This electrochemical

cell, typically called a battery, may be reenergized or recharged in its typical forms.

20 “Media Insert™ as used herein, refers to a formable or rigid substrate capable of
supporting an Energy Source within an ophthalmic lens. The Media Insert may also

inchude one or more variable optic lenses.

“Meniscus Wall” as used herein, refers to a specific area on the interior of the
front curve lens, such that it is within the meniscus cavity, along which the liquid

25  meniscus boundary moves.

“Mold” as used herein, refers to a rigid or semi-rigid object that may be shaped
to aid in the defining of physical properties of the diffractive structures. The Mold may

also be one or both of the front curve or back curve defining surface(s) of the Lens.



"Rechar geabl e" or "Re-energizable" as used herein, refers to a
capability of being restored to a state with higher capacity to do
wor k. Many uses may relate to the capability of being restored with
the ability to flow electrical current at a certain, reestablished
time period. 10"Reenergize" or "Recharge"” as used herein, refers to
the restorati orggficarydrae EQMseﬁ%féh‘? rbRrdto3hatd dﬂatléhsnhﬂ}agﬁ mp&ﬁsrey
to do work. Many uses may relate to restoring a device to
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usual I y an;@utside corner rather than an inside corner. Froma f|UId
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series of centric Annual Sections can be forned, changed or

mai nt @Lb ned to t 8?%1%9% ﬁgr OV’l%%h%rg L Osputs!e %uelsnt %ﬂ%ﬁg& g—% rsﬁtg Ta iOR¥E ?n

capabl’'e of chan ter I'Cs

char act er iBuketggSdvitcd tb@. S0 W@tﬂﬂﬁglﬁr ARy toSRCHVHAN Mamtusy alaglrtlaghape
of the ophthal mc_|ens which naédte designed and internally

cont r ol | edesteying Hdavige takhs eapablibutodi plaftrcel qugat atjarcertpigrpfe for a
refractlv%eﬁﬂg]gh&&ﬂgﬁ&iﬁﬁcﬁropertles Referring now to Fig.
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“Substrate™ as used herein, refers to a physical entity upon which other entities

20  are placed or formed.

“Variable Optic™ as used herein, refers to the capacity to change an optical

quality, such as for example the optical structure of a lens.

An ophthalmic device may be provided with at Ieast one of a front curve
defining surface and a back curve defining surface to provide a Lens Cavity, wherein a
25  series of Concentric Annual Sections can be formed, changed, or maintained to thereby
provide for optical structures that may be capable of changing physical characteristics.
The physical characteristics of the Concentric Annual Sections and overall shape of the
ophthalmic lens which may be designed and internally controlled to provide an

improved ophthalmic Lens with both refractive and diffractive properties.



Each of the interior surfaces 113-114 is essentially flat or planar.
An interface surface 112A is defined between the saline solution 102
and the oil 101. As illustrated 10in Fig. 1A, the shape of the
interface 112A is conbined with the refractive index properties of
the saline solution 102 and the oil 101 to receive incident |ight 108
through a firstRdrti@p et 16 Wid, 619@a%aﬁa»aergdw%%&*b%sq'ow%@&atba Gith ai&09
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acconplis vol e V11 0 £ 5. 20
The shape%g%n{%ﬁgsam%% g’géncsl%(f aotlzleorf%@%% %I%é%gr He of%flm%gé ‘él(r?]d t he
sal i ne soleldcirival ihORBor $04hiagatd baidséd paRingnetd Bakicetodds 188, el ectri cal
current to the electrodes 105. As illustrated in Fig. 1B, incident

l'ight 108B pasaaemomemgﬁoﬁéﬂ@faeesl11301114qglesstema1@aﬂdt aﬁpﬁﬁém@iﬁt&ﬁw
is focused into a convergent light pattern 111. "In sone |enses that

are gener éunf@ceArléaas defimeddietpesn the saimghomm_lé@mnd/@leloﬂz@l As illustrated
var 1 (45 BR0E 1AofheRrrt Rl Rl RDEN BB EP Ble BRRE TG G

meni scus @meh&s@mamﬂn@Muwnmidd&He o0l B detbdige feRIcAtN@NtBges oOf
t he di sclosed control paraneters and desi descri bed herein are

novel | endEgughafirstinfenns syrfaeq 1‘1|3caé.1ﬂt13l“3/"1{1%81|"{ﬁ@ﬁmdrﬁ:hﬁ 4p9 Fm@@pwmdu
Thi nner o

controll e?jﬁ} Ié’%?ljl Sg]gﬁc‘if Fgl(r??leeﬁl zri]?){: n n Jolh% ectélg% tér%ag{ @g +&éx

meni scusesefrdedtn af thefsalime dl’herm@peaoﬁhé uﬂér!EHce stulfiade l:ree;rmtthe 61&1(10 Blaxhcythe
with either increasing or decreasing radial sizes to fo

di ffradeti %III’S&P[‘E’QP 107 e AUerediy i deepyication of aincleetsict) carispt tg the
di ffiacti¢gek&its 108 t hat the 5focusing power can be achieved with a
thin structure, with the total height of the structure being on the

or der of 2141 Wgh8AX: S e VRVELATALD Bl g{)]d%*lh {30 M and An s

t he change in |n |on acr oss i'n ace.

ens | s depi ot Bgrritapt e Fis ) BaleTaed 007 Msfed il daditn 5Re an
Arcuate | enggived Bat it b@dnpHIE WappBih o oita W;??&%s@@ﬂe S8rRed BOK

curve defining surface 202 is depicted. Eac
20  The shape of the interface surface 112B between the oil 101 and the saline solution

102B is altered with the application of an electrical current to the electrodes 105. As
illustrated in Fig. 1B, incident light 108B passing through the oil 101 and the saline

solution 102B is focused into a convergent light pattern 111.

In some lenses that are generally Arcuate in shape, through Meniscus Wall
25  manipulations, use of one or more Sharp(s) in one or more Meniscus Wall(s), Power
control, etc. the physical properties of the liquid meniscus can be changed and
controlled. Exploiting the advantages of the disclosed control parameters and designs,
described herein are novel lenses that may be significantly thinner and/or more

powerful.



said front curve and back curve defining surfaces may be made up of a
rigid optical material that is at |least partially transm ssive to
light. The front curve |l ens 201 and the back curve |lens 202 nay be
positioned proximate to each other and forma cavity 210

t her ebet ween. 15The back curve lens 202 may include a convex Arcuate

interior lens spyimRe ggl?tﬁﬁnﬁ«@ hnSesCARGEYR RS Hﬁﬁg a® 1h&hAIRF cdn%ﬁe& wface

204. The convex Arcuate |ens surface 203 nmay have one oOr
coatings (Of&lontentisnntlevSections fprmed\py ligudtmengsusmythatrace fsudm;ed frdo a

et 05Tl BUTE) AL GERGHE 8 RLR 8 o om

hydr ophi | ideffiaefi®s dptical eléhent @k dFah&tivefiledder MatitabLa drh@NS 184§ ame 103
and the coatings may be in |iquid and optical communication with an

oi | 208 cEPRUSINERGWET £ br achisved wiithya tbmtructure wittheth$ tgaltheight vBthept i call

defi ni ng rfac 201 Arcu e r-d.en

sur f ace Zgg—u el%%”gXo eEﬁﬁ?@“e‘%ﬁ eé’Ff’é’ e@ﬂgtlhaf’gg g%%S and
concave Arm@&% dhﬁﬂge lﬁqﬁ&eico@r&%tleﬁxcﬂaeme%&f% more coatings (not
illustrated in Fig. . Coatings may include, for exanple, one or

Lo 2l 5, hydPy 03%#%% Wq{?ﬁ«% AR TR BB R o eCSrd Rl B R4

one of thdep:ot&dawm Buérgireé sfag sAts200f aeﬁ;sa&ﬁmamdf&mﬁr@@&tlbmgslﬂaa(frohﬂ
liquid and o communj cation with a saline solution 207 cont ai ned

Wi t hi A9t h&Y 5 f 9mgferfacpr?é>lsaaﬂuarbécls Yy e deining yurdacs 20449 ‘éﬁi’é‘?t% eEagh of
mor e sal t g,i@fdpt BRbe SRIDRR Aygﬁ'nﬁ% s%?ﬁces%%%%hﬁ@éﬁ {}giﬂ%t;)'tl il and

as such may be elther attracte repul's I'C c
usi ng El ectaterisbtitat rsgit taastipaetidl lyopememesive to hg]um’lqmémnt Eﬁhree IL@BQOiraydbm

Ener gi zed, and acc I an further conprise an electricall

conduct i v&2 %%%W% nﬁg@?ﬁ%ygﬁpﬂﬂf}o prepimadto sreihethet an Hg?aé’ai’;‘&‘%}cbn
of a 5 peiphRiwesdf one or both of the front curve lens 201 and the
back curve | ens 202. The electrically conductive coating 209 may

i ncl uge gol d 02P§ bhékeéur@é]l%né Zpﬁﬁgﬁ{&m&' (%Ingcon el%érlo Lglﬁ'?%%

of an electric e to t ctrica |ve coa In
may causeZz@3 aﬂmhmgcmaam Amlawodxtan:gllmseurfmetz‘ﬂar "Iéhle caﬁwaxa@ﬁcuaxe léns sarface
repul si on el ectrically conguct A?t her .conponents in

the sali n@%ffﬂaﬁ B%O%FSO ITROTHG)atNEs hoty l%ﬁﬂ@f Coatings may include,

for example, one or more of electrically conductlve matenals or electrically insulating
materials, hydrophobic materials or hydrophilic materials. One or both of the Arcuate
20  lens surface 203 and the coatings may be in liquid and optical communication with an

0il 208 contained within the cavity 210.

The front curve optical defining surface 201 may include a concave Arcuate
interior lens surface 205 and a convex Arcuate exterior lens surface 206. The concave
Arcuate lens surface 205 may have one or more coatings (not illustrated in Fig. 2).

25  Coatings may include, for example, one or more of electrically conductive materials or
clectrically insulating materials, hydrophobic materials or hydrophilic materials. At
least one of the concave Arcuate lens surface 205 and the coatings are in liquid and
optical communication with a saline solution 207 contained within the cavity 210. The

saline solution 207 can include one or more salts or other components which are

10



The front and back curve | enses 201, 202 may have optical powers in
relation to the light refracting through the either or both the
Arcuate interior |lens surfaces and the Arcuate exterior |ens surfaces
203-206. The optical power nay be O diopters or may be a plus or

m nus power. The optical power nmay be a power typically found in

15cor r ect iekRtrfvaly @6hduct e &5 asUEN AT be Rithevatrated o r kdpldet BY a@efe e,
a power between - 8.0 and +8.0 diopters. Addi tional ly, when the

lens is efBlIge Haiag FecgopietingdriBieatoghorpss tachpi@seft ri ¢ Annul ar Sect i ons
of liquid neniscuses may be formed, as it may be predetermned, to
enabl e addi ti orfdie Lgn$ maybeiBrerghtedsind ateqrdiogbrdan dertheTlebmiprisg/amal | ow t he

tical Zaope, of. 20th ens t.o cti.gn _as, a Variapl e ti,c in.
0 scr ot e SRgpany ShigigEtontite pld S RY b 1ot Al ot Bt ol sty
be congr olpkfghd?y oflesd EbaBRbAMEB HFRhSciVe end 201 aNOihe batk G Y RhDE2.0The
each defining surface and the refractive index of the defini ngmd

surfaces @fectrivally egndistivhepating 282 mayandide salther sibier and ispneferb
chem cal oper.t i f _t.he. sal.i ne, a i i he n avi . the
o hca A MEBEELGER, Apoljfich eal BicdRtalldarddlo LSS AR S

the physi cahtingr9asiecdust b eBan@t i Behtiot afglt oF Bithee dn GAMCEN b1 LrepiRidnar
Sections of the Lens. Diffractive Lenses diffract the incident

li ght i nt 8T Hg1eleqsneallycanductivesalis o5 ogher components infls whine poliden astifmay
diffragti (BE eldbictfagy into the various orders is controlled by the
shape of t E'Structure within each concentric annular section to

provi de hi gh pffaraction effici,encyad t he .power(s) of interest
Phen the dovi cd e doBf ek chhalISREY 201082 1 BEY RO pBiens RN to
I n sone ditfie lige téfvRtiag (aoganBe tBhdrve bbihnBe Mp&iatdGaneenidhk surfuvas hiad the

Section being the center of the Lens may be aligned wth the pupil.
Because ofATFyteextaraqitipnsoRirizessel0d-290. (The optpal pPAvehmay bp O«liegiers jor may

central pupi,l : - i i l.ar
Secti on g aphsRnBbe ot THRohOR bORERIDBE 2 BRRRFRRLcaly A
propensi esoméctiveeohanidenseq el ue by may cdmohingighig teanplesgyontdr be@dekn f or
the oil 2%8 rlr_gy b@ pl aced there and al ong the edges of the ophthal mc
devi ce, wothANAHES- QORI Dni cs/ power source 212, where vision of a user

may not be significantly affected. 10Referring now to Fig. 2B, the
cross section delditiqnally whenpthelens iy gnergieqsi astdepicied im Fig. 2A, Concentric

Annular Sections of liquid meniscuses may be formed, as it may be predetermined, to
enable additional diffractive physical properties. This may allow the Optical Zone of

20 the Lens to function as a Variable Optic in discrete steps.

Accordingly, the optical power of the Lens may be controlled by design
parameters such as: angle of curvature of each defining surface and the refractive index
of the defining surfaces of the device and the saline/oil, the contact angle and chemical
properties of the saline and oil in the lens cavity, the voltage applied to the zones

25  comprising the electric coating, and the physical characteristics of the predetermined

Concentric Annular Sections of the Lens.

Diffractive Lenses diffract the incident light into multiple orders. Each order
has a different power. The diffraction efficiency into the various orders is controlled

by the shape of the structure within each concentric annular section to provide high

11



de-energi zed state. In this state, the liquid nmeniscus diffractive
structures are nonexisting thereby providing a different power than
the one provided by the energized state (i.e. the power of the
diffractive physical properties). The oil 208 may be contained in the
oil reservoirs 211 as described above. The saline may be i ndexed
15mat ched difraktiéh sfEkieRbPatS HeRGRA K oF iRfeRét #Ben WRQRBVIdE ISQH @l‘ié)élfe?@zedt he
refractive power desired of the Arcuate shape and optical |ens

mat eri al . (iagive lengy'onl)sigte.hr ough energi zed channel s 213 that may
cause the oil to flom1to the reservoirs 211. Accordingly, the

energi zed chanﬂ&bmmemﬁﬁmay@humngﬁmmuaﬂmémnmnpﬁﬂgmﬂeuﬁcandmpeldﬁn@ on

t he power _and the el ect hem cagl rlstlcs of the _saline 20
bna br of DERE he FerdsBgghe e Mapyhe SYBubHE dhS RiRy HesnbCaEiTgs figpth of

surfaces 204 o2l 1478 Yih R sﬁl@alpﬁ]lrglaﬂupﬂuﬂy ddchpt 88 Eherlﬁlgérﬁﬁ@& with
el ectrical conductors to change the propérties of the ol and saline,

as it my (vacentaddnenlai Beation Difyfrert bave admaimtic opsatiot effhe omsheleptigahr t s,

materials of the fini ng surfac sal.ine _and oil re.
Spect T caPrpiiSior TiuShBe CORraBETE 75 RupdtoedinBiord ol aieog mpes
may be pogsiphiced HreaRipden@tht 38 AR theOdphttadhidNRe, WRASHheM t h
refractive and diffractive properties wthout having to displace the

oi | to regcyonicypower sourceRd 2 owhirn yisitavpitaoiser gray 8at bessignibeantly agfiertod
of another exenplary ophthalmc |ens that uses a nol ded optical
defin ilﬁg sur f adefdmngnoere Fig. ZBdt}stca:tse sectiod ejpsartbed in HigeZAais:&ep?ﬂedjmﬁe

por i on 305 ReREFEst ALS) TBSE ot ediegp FEARe AHBGHE: BPegitFs 963070
di fferent cgRehg ﬂﬂ?eb‘#‘#&%ﬂ'm%@@hﬁf&@ﬁt ot inWhetnd R8viden sy i é?l@i zed
energi zed (shown in The oil 303 may be index matche th

t he nol dedtafoliei tbapgwer @frthe dﬁﬁa@wmhmhaé peoferticspt Theoibpo§ may be
structure h ded PALLLQ 2 The ffractlv tIC

ot oper 11 e2otfnefiin {8 PUTREREEAN b st g e RADE BT PREFR (e
nol deds defiaitiiRg t6 thefdREgingayrfackitd pavede wheh dekh@gizad, ItH@errabtl’l\(c‘d pher
either the front defining surface 306 or both the back definin

surface 3@581594& fiifeArauatgrshaiss 4ndi o cal dersqeterige The pimpaetlons theou
ol ded porf, {}eégln?aénﬁqﬁﬂ 2'19%&1!% 2 the 5it ﬂﬁ{vftélilﬂe%ée\f?m?sti1‘i‘3t‘”es 307

whi ch may a |t| serve a nenlscus wa can support
conduct or Acobrdéighy, tthié mdryzédxhahﬂﬂs Ermhﬁmﬁcabnfamapﬁmiaﬁ@dwice@wmingg
or El ectrophoresi chni_ques be enerqgi zed to
cause theovélpweéﬁnﬁﬁhe %PerPBm%@leqhafaﬁ@ﬂaﬁlqsrqféI&q ajige 207 ara‘garr%féh%@&,
for exgmpbggthe peaks shown in the nolded portion 302 in Fig. 3A
Further, as it nay be apparent to soneone skilled in the art, the

spacing of the One or both of said Lens defining surfaces 201, 202 may comprise optical
quality molded regions with electrical conductors to change the properties of the oil
and saline, as it may be predetermined. Different variations of the molded parts,
materials of the defining surfaces, saline and oil and more specifically their respective
25  diffractive index and contact angles may be possible to create a variable optical power
Lens with refractive and diffractive properties without having to displace the oil to

rEeServoirs.

Referring now to Fig. 3A, a cross section of another exemplary ophthalmic lens
that uses a molded optical defining surface in an energized state is depicted. The back

30  curve optical defining surface 305 of the Lens includes at least a molded portion 302
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diffractive structures along the Lens may be closer to each other to

design a higher 15efficiency Lens, i.e. higher power and aberration
correction. Because the saline solution 304 and the nol ded portion
302 may have a different refractive index, |light would be diffracted

as it my be predeterm ned when the diffiactive properties are

exposed t Qhithgayscthtdhea §1@hﬁ1da@trhn§’&ﬂlt 8Boiflsti &l Bffereht s!:e'cﬁense\ﬁtMﬂ e dr3e
l ens is de- energl zed. In this de-energized estate, the diffractive

st ruct ur eFagE7v; ﬁ@tmﬁ@@v&n@f&ﬂe@zwg@wﬁlgr@ fThe oulrﬁdléxnayfbe lndex

refractio hereb 0 ale

may provi En é‘tg}?etiag'%ﬁl r At 8315 %6??1} atty v%%éﬁﬁ cﬁtf?ag[}?%?l?tbcg res
depi ct ed i307kif the Béldad 011t16n Bog TB8diffrh@ive dptisg s@eﬁidswménméd may
be di spl aced by the oi | 303 when energi zed or ge ener gi zed

| nt egr at edagsiycandimay aethawe an effeat+ Erheanoldedidefinves Slﬁ&fiﬂ spviadditionally or
conponent e of the
| ens wher efqa%ag%lg F}{(;c?]&&g]f‘e gt%l h@héggpp linr‘%[ ?be‘Eé g‘?ﬁgﬁlﬁéoﬁlgglnt acgg%?mn% ed.
Referring smfmet&i)SF&ng the4ﬁ-01ﬁrdeﬁnﬂigrzbﬁh<;e 3000 Vigiwrsesd, thbﬁn@lﬁed pértibRBOES
presented in. Fh{gﬁ% él? i s .depicted. At, 401 the edge of the Lens
i s shown. SARine aasﬁfl‘éﬁﬂ iffgagtjue Meciirend Qs Which H@é’r?éldlt@nél]@ﬁ%‘t’%%ﬁ
wherei n t el BChEANIGS

conmponent s (;lf Ctﬁe Fens %&ﬂ o acegtr"yso‘%fﬁ?ge&?‘%@#‘% Hfé%a'nga?lfogg i ng
the IDsi dﬁhecmtfo“tettmgtm@iecmphd;@ﬁsﬂ@h’nmmeaexerrpl ary concentric pattern
for the conductive material used for the diffractive structure to be

Ener gi zed. Thelvellp afdyeerenaipizddao cape thicavtluhe o£ 6MB0Dto édver thel t age
of each Iegt%_ or specified regions as it may be desired. For exanple,

to resemblidigciedmsiurgsid, f&’r’i&x%? lgithe R%ESWI&&W peldse peetion 32 inf
it, whereggi ffar r y
ener g1 21 e br ey B ep S HELIA RN dohfont St AL SEMRE Sl HSE
al i gned. fo&awa»ye stfuctaedsi abuignte Lansmig be closans eatévothdreo dedign nyightf ect
and anpunt current. directed towards each predet erm ne on.
Conseggente@nené’éﬂﬁnwg RO AR AR BREOREGIFLNT BECHSE ep';ég\}é‘f to
provi de f @slutibe 30480y IRl Rt 02 Raf Hﬁ\@&t(ﬂ?fegeggféﬁfaﬁﬁ% in¥é€x, light
structure as it nay be designed to correct speci

aber r at i omupl b/ Omﬁasn’amambb predptemeined mden theadiffractive hepettizs g can

be appl | eg:xgoosetti Poa e'satllme soYu%on 302 as depicted in Fig. 3B where the lens is de-

energized. In this de-energized estate, the diffractive structures 307 are uncovered.
20  When uncovered the index of refraction changes at those portions thereby providing a

lens that may provide both refractive and diffractive characteristics.

As depicted in Fig. 3A and in Fig. 3B, the saline solution 304 used may be
displaced by the oil 303 when energized or de-energized. Integrated circuits, sensors,
batteries and other non-optical component may be included in the outer diameter

25  (edges) 301 of the lens where the vision of the user may not be significantly affected.

Referring now to Fig. 4, an exemplary top view section of the lenses presented
in Figs. 2A — 3B is depicted. At, 401 the edge of the Lens is shown. At, 402 an outer
edge portion of the Lens is depicted wherein the electronics, pumps, reservoirs and any

non-optical components of the lens may be placed without significantly affecting the
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concentric circles to the center decreasing progressively to align

t he height of the meniscuses of the oil. In |lenses such as the one
depicted in Figs. 2A and 2B the center portion 405 of 15the |ens nmay
be used as a reservoir. Variations are possible and depend on the
desired design of the lens. However, it may be apparent to those

ski |l ed i Ridifyeofiht uddr! @t 4089k g ek&hﬁllaﬂj SCARHE Battdrd ForiMe EQTARLING

and/or controlling diffractive optical 'structures that resenble the
Fresnel | engieriad upgdfos theghidfiactivgsirugturh ta/be Fadskigzedpt i cal structures may
be designed. Moreover, the variable optical power |ens may

i ncor porate a cdetpatitinenayebeing o2@sioorcontrafthpoviepe iofi cadhdembesrisgecified be

aut ononous i.n the. process.. Al t hqugh hard or_soft_contact ] enpses
may be pr 6%%18%3%13@' ﬁ?asﬁxsﬁdkﬁawaﬂgﬁgqﬂﬁﬁsemgkﬂa,Fr8$n6ﬁr£anéﬁvcﬁpbt§mtﬁ%b| e
for mapuf agfabtivBgroperies Io?ﬁ?@ﬁere%ﬁﬂa@ﬁ@é@tﬂﬁctutr&%ohﬁigﬁg ggﬁ’iﬁ%éﬂgchses

contact |enses having water contents of about O ut 90 percent.
Mor e pr ef demsdyby aneegitipg peesdlerpingd degiafs, atb diffrestyectmetarasinmey Heyadigosd,

roups, carboxyl 25grou . or, both or,,be. nade from
O Pone: e BB nis & oG Gme Pind e d pranyt of et cone
hydr ogel s dire@tdd t‘cﬁfﬁ?ﬂﬁ@dch@P&ieieﬂﬂf&ﬂfrgg‘ifﬁﬁ.erﬁdeq&b?ﬁE/}Jioxﬁé)ﬁreﬁaéﬁﬂiH&i the

| enses may be made by reacting blends of macroners, nononers, and
conbi nat i GeEoRYRRRENLEE BI9GE PRWEr ta diivide/tos theuddedigolpuieyieilite frinothe

initiagors; . erials includ without .Limdtatio sijicone
nyar 0ad s SRS ulT Ol R he G Bt s BhaitiroBMpmsier o
Ref er ri ng optitial eptfd pweb, ARRtrbadt, HeahargeRah bempyplie sb M aTRAItRGn ar e
illustrated. These met hod steps described are listed in a ﬁé&i cal
sequence (CANGERITEC dfcles i egentcrgorasasimg nipgisssieddy) tnalienghe heig

limts th i ;ch they may be inplenented unless specifically
st at ed. 52‘%&1@%%635% ar |llgbl e Optic portion is placed within an

ortion i & pi adbiftber LPERTREDLP ARG bl B2 ST N e GBI E i oRiopet

El ect n§ cakheclonimay batisedns@avsdpeoia CUaigons BRGostible 208 APl onthédesired
circuitry i r]cor%)orated into the variable oggbc portion or via )

pat hways  fgsien et thedensy Hopyeaenitanay bn #npareaf toctbeseskillsdrin thanst sftarspading
10At 503, L Ny ' r . '

sections gﬁé?ﬁgobg?hg%?g%%%?#ga%%éf%%ﬁgpﬁ@fﬁgg%%ﬁigggﬁg&gkgﬁ%vh@én be
di r ect ed, rdsembixthept@ncilems, &fieetiohad dlens ivith wiatiihle opded bieudires anag et i ng

the electrical charge. At 504 the variable optic can change at_ | east
one opti cAFSigRrs il‘?'{)f%e‘fqru@ﬁ yrEatle optical pewer Igas avipcerporaie aseriroliseand &

be abbg ofoREO¥F I iflit hehiaMo LRI ERINR WBhe ProdlisSCr et e steps.

Although hard or soft contact lenses may be provided made of any known lens
material, or material suitable for manufacturing such lenses, preferably, the lenses are
soft contact lenses having water contents of about 0 to about 90 percent. More
preferably, the lenses are made of monomers containing hydroxy groups, carboxyl

25  groups, or both or be made from silicone-containing polymers, such as siloxanes,
hydrogels, silicone hydrogels, and combinations thereof. Material useful for forming
the lenses may be made by reacting blends of macromers, monomers, and
combinations thereof along with additives such as polymerization initiators. Suitable
materials include, without limitation, silicone hydrogels made from silicone macromers

30  and hydrophilic monomers.
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15Referring nowto Fig. 6 a controller 600 is illustrated. The
controller 600 includes a processor 610, which may include one or
nore processor conponents coupled to a communi cation device 620. The
controller 600 can be used to transmt energy to the Energy Source
placed in the ophthalmc |lens. The controller can include one or nore

processors, COyRif&fntAod ts@rrgngnm@ﬁ{oa%pz%a@ﬁl\é LIS nﬁﬁmﬂeﬁféa%ﬁe fiRstrated.

conmuni cat e ener%d via a communi cati on channe The comuni cati on
devi ce maylhigee ms dsf@peﬂ@cnbmreasm m:mtngl@ll s&qmenc@nnmlns disofissionhe

P ST 0 RV ATy 5 DRSS LSRR 5ol G0 21 the

The com"rummpmeg&ddﬁydsggi,e@ﬁﬁanyyta%so be used to comrmuni cate, for
exanple, 25 with one or nore controller apparatus or nanufacturing

equi pnent  CONPONSRY Sy Variable OEH@ QHQSQ§%HEed6@Rh1h%n%gﬁﬁﬁgfnﬁc lenss%so ay

communi cation wth a storage d irce The stora evi ce
conpri se disgusipdropei At 803, mIﬁa)meahl@@psc podige isipacaan eleatricali ng

conbi nati ons _of netjc or devi ptical . st.orage, devices,
and/ or s@ﬂ’i’@%&%‘gg‘b?’”%%’g@? Pgl F}fg I%E%Ege Menor y
(RAM  devize@n@iHed}eatxehiple, Nhrﬂi&rﬁn(ﬁﬁw SRMWdGRS th bl Gptiel i@ o
devi ce 630 canlﬁstore a g?‘lg ram 64%01 or crgntrol lin e}t/%]ng pe?gjcesﬁs%or 61r0.

The pr oce¥#opatiprayspels feedrer dtherwiseformnd diséctiyhgop rlfmg meateréd0. For
exanpl e, the 5processor 610 may receive information descriptive of
vari abbe opti cAtrﬁQé,raleqmﬂi@aiemgy is Jirestedgkiongh d&dbﬂaaninbﬁsmniem ofthad t he

i ke. The st age. devj 0.can .al so store_ ophthalmc rel ated data
in one or"V "iag g%tfca%é %%6 Le%*‘eoﬂiwr&ifa%aawaéggctsﬁr&%@@m% el ude
speci fic eretdcel c&dﬂﬁbgcafp%le%‘?@&ﬁdﬁ'chhé‘ﬁle%'&%él Elﬁirgé“dAtf 5‘@%@\%@2&)‘1@13 le

Optic |l ens. 10Concl usion present invention provides an
optical | engc ean dhangmatdeasTone Mamalaqnabt)oﬁmctm ofthe lesis as pmvmlwary to

Pt edet or miFbe R Bl rfﬂ&‘%f : aﬂ“l? GRBEM R BeRERE s o e
Idg;/leﬂﬁ%gn sur f5 Qiig ernngl nc')b\wn tg E 8 a contrgﬁer 6%6p ll?llst?a ed. aTI];erc%rr]}troﬁgrrf\ilO% optic
includes a processor 610, which may include one or more processor components
coupled to a communication device 620. The controller 600 can be used to transmit

energy to the Energy Source placed in the ophthalmic lens.

The controller can include one or more processors, coupled to a communication
20  device configured to communicate energy via a communication channel. The
communication device may be used to electronically control one or more of: the
placement of a variable optic insert into the ophthalmic lens and the transfer of a

command to operate a Variable Optic device.

The communication device 620 may also be used to communicate, for example,

25  with one or more controller apparatus or manufacturing equipment components.

The processor 610 is also in communication with a storage device 630. The
storage device 630 may comprise any appropriate information storage device,

including combinations of magnetic storage devices, optical storage devices, and/or
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a back curve optic defining surface conprising a back curve | ens
interior surface and a back curve |lens exterior surface, wherein both
said optic defining surfaces conprise an Arcuate shape and are
positioned proxinate to each other form ng 20a cavity therebetween,
the cavity conprising a conductive coating on at |east one portion of

one or botshmpbn&@iét h&acly dé'dfc‘é@s&h a?%hd&ﬂ %‘&eﬁ%élﬂb@ﬁ(R@Hﬂf @&@&s and
contiguous to the cavity, a volune of and a vol ume of saline

sol ut i on: Read QeieMsimery HROM)(desiges. sal i ne are capabl e of form ng an
|nternally controll ed 25Concentric Annul ar Sections with variable
optical struct Jmestor@sbdica;ﬁaﬁ canstee prograel @l for cartrotliegy he prsessor 0

h h i sti | | d the applied electrjcal
char oo, * AL Berho pRe SRl ametorgn dspR R G e PrREIULY. (A6 CEBRE gl

chargesis tp?cméédo?@l(ﬁ agharoe hRemeRd M!:nﬁt“e%ﬁ’tv'dﬁﬁﬁe Bhtid f‘ﬁ@er{ gggc%lﬂt?{t,ng

El ectrowefting techni qgues. Aspect 3. The optical len
wher ei n t freocebséng dévicel pladeanegt and thegike é“dheﬁmragwadwgmetﬁﬁ@ cm‘pal'sm:stbre
structures

opt i cal | SRGTBAEHERT HRIABh o baRRR S0P G Mo eprGR PR EE oo

capabl e ofnarigMiuge glgﬁcﬁclc@ﬂﬁowb B fMAdonBB1I B g RALILG X aRPHBIS: aﬁnéﬁlé%ﬁée
steps. 5 Aspect 5.The optical Tens of Aspect wherei n the vol une of

oi | corrprll@és from65%to 90% of the volunme as conpared to the anount
of saline solution. Aspect 6. The optical |ens of Aspect 1 wherein the
vol ung0 of oi |l £onplugisrs a density within about 5% of a density of the
sal i ne sol ution.

The present invention provides an optical lens as claimed. The variable optical

structures may vary to provide diffractive and/or refractive properties as may be

predetermined.
The following non-exhaustive list are aspects of the invention:

15 Aspect 1. An optical lens comprising:

a front curve optic defining surface,

a back curve optic defining surface comprising a back curve lens interior
surface and a back curve lens exterior surface, wherein both said optic defining
surfaces comprise an Arcuate shape and are positioned proximate to each other forming

20  acavity therebetween,

the cavity comprising a conductive coating on at least one portion of one or
both of said front curve or back curve defining surfaces contiguous to the cavity, a
volume of oil and a volume of saline solution;

and wherein the oil and saline are capable of forming an internally controlled

25  Concentric Annular Sections with variable optical structures, based upon an applied
electrical charge used to change characteristics of the oil, saline and the applied
electrical charge.

Aspect 2. The optical lens of Aspect 1 wherein the electrical charge is applied to

change the optical structures of the lens using Electrowetting techniques.

16



Aspect 7.The optical |ens of Aspect | wherein at |east a portion of
t he conductive 10coating extends froman area interior to the cavity
to an area external to the cavity. Aspect 8. The optical |ens of
Aspect 7, wherein the area of conductive coating external to the
cavity fornms an electrical termnal for providing an el ectrical

charge to Adpectl3. qui dr ii§QQélsQiﬁAsE€&tliW&r&hﬁh@él%tﬁcal%ﬁﬁ%@is a%pﬁlg(?to

optical |lens of Aspect wherein the saline solution and the o1l form

15 a seri ebauge theppticalisiaictyras elohe tans ppiog Ftestroghoresintpshrineesan

licati f l.ectrical ch tq the . f i i
cxter nal COPBHe Cavitty BT deN I RERGd PSR RAR R O e i e "
rings. AspegdbldOf prbeidnipld lead witBRaristle SRR pokershaedisdBrelshps.el ectri cal

charge conprises a direct current. 20Aspect 11.The optical |ens of

Aspect 58 lge&iN therlh%:ogﬁ&ar1i1§ﬁlofmﬁéaq M%B!tl?@%lﬁ&@%gﬂgélﬁggééeglﬁo%

Aspect 12. The optical |éens of Aspect | wherein the front cu
defini ng $aV W% ohtbeivebkuneas copipacslto prewenowt hesalinh asluton. Aspect
13. The optical lens of Aspect 1 wherein the back curve defining
surface 2%cpag6. ses The opfitdl dals of dwpect dtwiedreih i vddumdspeit torhfrisesa

optical |ens of ect ddi tiopal lly conprisipng a channel through

one or boldﬁn%tfy"t’@gﬁgﬂﬁ#(ygﬁgﬁ/éﬁ’qs@@f FAHBRSOHIR. cur ve def i ni ng

surfaces and a conductive material filling the channel. ]
Aspect 7. The optical lens of Aspect 1 wherein at least a portion of the conductive

10 coating extends from an area interior to the cavity to an area external to the cavity.

Aspect 8. The optical lens of Aspect 7, wherein the area of conductive coating
external to the cavity forms an electrical terminal for providing an electrical charge to

the liquid meniscus diffractive structure.

Aspect 9. The optical lens of Aspect 8 wherein the saline solution and the oil form
15  a series of meniscuses in concentric annular rings and an application of an electrical
charge to the area of conductive coating external to the cavity causes a change in the

shape of the annular rings.

Aspect 10.  The optical lens of Aspect 1 wherein the electrical charge comprises a

direct current.

20  Aspect11.  The optical lens of Aspect 8 wherein the electrical charge comprises
from 3.5-22 volts.

Aspect 12.  The optical lens of Aspect 1 wherein the front curve defining surface

comprises an optical power other than 0.

Aspect 13.  The optical lens of Aspect 1 wherein the back curve defining surface
25  comprises an optical power other than 0.

Aspect 14.  The optical lens of Aspect 1 additionally comprising a channel through

one or both of the front curve lens and the back curve defining surfaces and a

conductive material filling the channel.
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Aspect 15. The optical |ens of Aspect 14 additionally conprising a
conductive material inside the channel. Aspect 16.The optical |ens of
Aspect 15 additionally conprising a termnal in electrical

comuni cation with the conductive material in the channel. 5Aspect
17. The optical lens of Aspect 16 wherein application of an electrical

charge to Adpecttisr M Male dpavAeensdIABEE 41 diidRaIBNEREpHind Deoddutived
meni scus diffiactive structures. Aspect 18.The optical 1ens of Aspect

1 addi ti oneateyaldesags thsichaingh i nsul at or coating along at |east a
portion OfAr%Qﬁ 1! oMt Yi& 98] oq”!Ap%; a&g?&?_ﬁﬁ’i%%@go?ﬁ&%a t(lggliaﬁ%gjnat or

coating conprises an electrical i

def i ni ng stuctiebcaimAsipsatdn wih thwhoneidiive heatérid il fleQhaGRNpPri ses one of
Paryl ene C. Aspect 20.The aoptical defining surface of Aspect 19,
wher ei At HePEHd at dhecphiptlilaso i Tepeed 6 arerein application of ahelegpiedl charge
| ens of A%&%tte&zﬁn}m%ﬁ@s%cﬁl d A% %Jagé oftﬂ%rgh?ﬁﬁelﬁséﬁgldm& Lelrea to
mai nt ai n separation between the conductive coating and a saline
sol uti on conttatesed in the cavity between the front curve lens and the

he. i nmer RSEEAGSne o FIOBCAH TSR ASBER AU EHADL CUaBe A PAREoh
o REIEABATY L4 BORES kD gl The

10  insulator coating comprises an electrical insulator.

Aspect 19.  The optical defining surface of Aspect 18, wherein the insulator
comprises one of Parylene C.

Aspect 20.  The optical defining surface of Aspect 19, wherein the insulator
comprises Teflon AF.

15  Aspect21.  The optical lens of Aspect 18 wherein the insulator comprises a
boundary area to maintain separation between the conductive coating and a saline
solution contained in the cavity between the front curve lens and the back curve lens.
Aspect 22,  The ophthalmic lens of Aspect 1 wherein the innermost Concentric
Annular Section can be used to place a functional component that is not transparent.

20  Aspect23.  The ophthalmic lens of Aspect 22 wherein the functional component

includes a reservoir for a liquid.
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includes a reservoir for a liquid. CLAIMS 1. An optical |ens
conpri si ng: a front curve lens and a back curve | ens, wherein
both said front curve | ens and 5said back curve | ens conprise an
arcuat e shape and are positioned proxinmate to each other formng a
cavity therebetween; a volunme of oil and a volune of saline solution
within the cavity; and a conductjixpssoating on at |east one
portion of one or both of said front curve |lens or said back curve
| ens contiguous to the cavity; 10wherein the optical lens is
configured to formvariable optical structures from concentric
annul ar sdet i onfsn ppticahlsngrempitsdngsal i ne sol ution, based upon an
el ectrical char pplied to.the .conductive coati .n.order to
change char act @%f%}%icﬁrsveg?nstaﬁg ag)laf:k SHC &P \ﬁlé‘?mf;b?a%?éggﬁni Eye Jepgndos
Caims§, GeiWatlstideer@binpakd 1 areaté hlﬁhgbb%ﬂd bR RRbYed PRxBhAE I bR
charge to change the variable optical structures using El ectrowetting
t echni quethsr fENERg p 6pYibr theicketvsemini ques. 3. The optical |ens of
Claim1l or 2, i i ical,structures provid
20vari abl e opt?@@ﬁﬁ%gaéggméfgg@?%@égg&gFgﬁg”onX@ﬁw%§w6%¥§%5pgIens of
any precedi ng cl@hductiveeosting dat atll€Bcénetpdd@di dfdhe@r bbiheofaaiadusit cvere
coating extends froman area interior to the cavity to an area
ext er nal HENStoREAId DA GuIve Has pHEYORS foriBe 596k of conducti ve coati ng
externgl to th 1 r i - 17 . i fi0hg
The clbct i cal aicar pute QMR CORERLI (iBm vERIBIEBCPhnRhR SR
concentric annular sections in the oil and saline solution, based upon an electrical

charge applied to the conductive coating in order to change characteristics of the oil

and saline.

15 2. The optical lens of Claim 1, comprising a controller configured to apply the
electrical charge to change the variable optical structures using Electroweiting

techniques or Electrophoresis techniques.

3. The optical lens of Claim 1 or 2, wherein the variable optical structures provide

20  variable optical powers at discrete steps.

4. The optical lens of any preceding claim, wherein at least a portion of the
conductive coating extends from an area interior to the cavity to an area external to the
cavity, and wherein the area of conductive coating external to the cavity forms an

25  electrical terminal for providing the electrical charge to the conductive coating,

5. The optical lens of any preceding claim, wherein the lens is configured to form
the saline solution and the oil into a series of meniscuses in concentric annular rings
and to apply the electrical charge to the conductive coating in order to change the shape

30  of the annular rings.
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5. The optical lens of any preceding claim wherein the lens is
configured to formthe saline solution and the oil into a series of
meni scuses in concentric annular rings and to apply the el ectrical
charge to the conductive coating in order to change the shape 30of
the annular rings. 6.The optical |ens of any preceding claim
wherein one or both of the front curve lens and the back curve | ens
conpri ses an optical power other than 0. 57.The optical |ens of any
precedi ng «l ai i I

ot h of TR Tr ome BUEh Ao SKaKy RARRELE LRt AERER TG of BORYI SR Bhre o
mat eri al flérsland ghe beek charer s, comprisean dfitealoptves athek s Oof C aim 7,
additionally conprising a terminal in electrical 10 comrunication
with the conductive material in the channel. 9. The optical |ens of
d a|n18 conprl ing.a ontroller configured to ply the electrical
char ge®to %t he t &PH% &5 of 30% Bregeding Rlgen; ad ttmaﬁm BGyBpITng mehannglui d
meni scus MTJ%]?SIH(% %@30?15 Bf"fﬁE 'ffoﬂ?cur%‘é lend 9nd m%aap&}rg?lenls g&f %ncﬂl% ve
preceding cl a Itionall'y conprising an 1nsu coaf I'ng al ong
at | east agpeid fillmgithe thankl.ont curve | ens, wherein the insulator
coating conprises an electrical insulator. 2011. The optical defining
surface of claim 10, wherein the insulator conprises one or nore of
Paryl ene @ and thgfy kzﬁ&il@&rs of Cldigr 7 Eh@ltl@ﬁéll}?&lmﬂrﬁ;ﬁ% é)lferrﬁinal ﬁ'é&tl@éﬂl 11,
wherein the i nsul ator conprises d boundary area to mal

separ 46 oomstuneration Methdhe cardluitine: watatialng tieenchahing. sallne solutlon
25contained in the cavity between the front curve |lens and the back
curve lens. 13. The ophthalmc | ens of any preceding claim wherein

a functiowmal cqmeepaa 1éRal dlEm @ omphABHParBMrolict c@ﬁﬁ‘?ﬁgd W &tﬂﬂl}“th@n
i nnernost concentric annul ar section. 30I14. The ophthalm c | ens of

cl ai m 13, elgbical ¢hargedofymiernimabio cevsprochange imibe elwg of thedgpiid/ mieniseusr  a

liquid. diffractive structures.

15
10. The optical lens of any preceding claim, additionally comprising an insulator
coating along at least a portion of the front curve lens, wherein the insulator coating
comprises an electrical insulator.

20 11.  The optical defining surface of claim 10, wherein the insulator comprises one or

more of Parylene C and Teflon AF.

12.  The optical lens of claim 10 or 11, wherein the insulator comprises a boundary
area to maintain separation between the conductive coating and the saline solution

25  contained in the cavity between the front curve lens and the back curve lens.

13.  The ophthalmic lens of any preceding claim, wherein a functional component

that is not transparent is placed within an innermost concentric annular section.

30 14.  The ophthalmic lens of claim 13, wherein the functional component includes a

reservoir for a liquid.
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