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SYSTEM AND METHOD OF PROGRAMMING AN ENERGIZED
OPHTHALMIC LENS

TECHNICAL FIELD
18081} The disclosure generally relates to an energized ophthalmic lens and, more
particularly, relates to a system for programming multi-focal vision correction parameters

of the ophthalmic lens.
BACKGROUND

18002} Traditionally, ophthalmic devices, such as a hydrogel lens, an intraocular
lens or a punctal phag, include corrective, cosmetic or therapeutic qualities. A contact
lens, for example, may provide vision correcting functionality, cosmetic enhancement,
and/or therapeutic offects. Each function s provided by a physical characteristic of the
contact lens. For example, a refractive quality may provide a vision corrective function,
a pigment may provide a8 cosmetic enhancement, and an active agent may provide a
therapeutic functionality.

18803} Liquid meniscus lenses have been known in various industries. Known
fiquid meniscus lenses have been engineered in cylindrical shapes with a perimeter
surface formed by points at a fixed distance from an axis which is a straight line. Known
liquid meniscus ienscs have been limited to designs with a first interior surface generally
parallel to sccond interior surface generally parallel to second interior and each
perpendicular to a cylindrical axis. Known examples of the use of iguid meniscus lenses
include devices such as electronic cameras and mobile phone devices.

18084] More recently, United States Patent Application 13/095,786, titled
“Arcuate Liquid Meniscus Lens”, assigned to the same jnventive entity of the present
disclosure, tecaches an arcuate liguid meniscus lens suitable for a contact lens. In

addition, as microclectronics continue to be developed, size, shape and control limitations
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can allow for active energized components to be incorporated in ophthalmic lenses in
useful manners.  As previously mentioned, currently available contact lenses are capable
of providing vision corrcction through a physical charactcristic of the contact lens.
However, many individuals require the use of bi-focal or tri-focal lenses in order to
provide the vision correction needed for vision at different distances.  With the use of
microciectronics and variable liguid meniscus lenses having geometries that can be
suitable to be placed on the surface of an eye, new programming and design methods and
systems that can be useful to provide variable vision correction are desired.

18005} Thercfore, there is a need for ophthalmic lenscs and systems that can
incorporate clectronic and active vision correction components that can be configured to

provide multi~focal vision correction,

SUMMARY OF THE INVENTION

18086] Accordingly, the foregoing needs are met, to a great exient, by one or
more embodiments of the systems and method disclosed herein. In accordance with
some embodiments, the system for providing multi focal vision correction to a patient can
nclude an encrgized ophthalmic lens comprising a media insert and a hydrogel portion.
The hydrogel portion can support, and in some ecmbodiments encapsulate, the media
insert encapsulating one or both of: a battery and an arcuate shaped hquid meniscus lens.
A communication system can be in logical electrical connection with a microprocessor of
the ophthalmic lens and be configured to wirclessly receive data from a refraction
examination of a user. In some embodiments, the microprocessor can be supported by
the media insert and is configured to change the shape of the ligpnd meniscus of said
arcuate shaped liquid meniscus lens from a first state to a sceond state according to a
programmed signal being based on an input from a user and the wirclessly received data
from the refraction examination. The geometry of the ophthalmic lens of the system

being at least partially defined by a topographical examination and capable of correcting
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distance vision deficiencies when the liquid meniscus of said arcuate shaped higud
meniscus lens 15 at a first state. A change of the shape of the liquid meniscus of said
arcuate shaped liquid meniscus lens from a first state to a second state which may be
useful to correct near sight deficiencics of the user. Similarly, the change from onc state
to another may be used to correct for distance vision deficiencies. In some embodiments,
no optical correction may occur at the first state. When this 1s the case, only distance
vision or near sight vision correction can occur on demand.

{8887 According to additional aspects of the disclosure, a method of
programming an cnergized ophthalmic lens for providing multi-focal vision correction is
disclosed. The method comprising: determining vision corrective needs of a user for
distance X; determining vision corrective needs of a user for distance Y; obtaining at
icast one bare eye data measurcment and visional correction properties of at least one
iens design; providing a simulated display of graphical representations predicting the
optical effect of one or more ophthalmic lenses; selecting from the simulated display an
ophthalmic lens comprising a hydrogel supporting structure and a Media Insert, at lcast a
portion of the Media Insert being supported by the hydrogel portion, and positioned onto
a portion of the optical zone of the ophthalmic lens, the shape of the ophthalmic lens
providing av optical effect capable of correcting the vision at a distance X; and

programming an operational protocol to switch the state of the optical
corrective propertics of the lens to correct the deficiencies for an image at distance Y.
[8088] Certain implementations and configurations of the systems and method
steps have been outlined so that the detatled description below may be better understood.
There are, of course, additional implementations that will be described below and which
will form the subject matter of the claims.
[8089] In this respect, before explaining at least one imaplemnentation in detail, w18
to be understood that the hydrogel lens including the communication systom is not

himited in its application to the details of construction and to the arrangements of the
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components set forth in the following description or llustrated in the drawings. Also, it
is to be understood that the phraseology and terminology emploved herein, as well as in
the Abstract, are for the purposc of description and should not be regarded as limiting.
18018} As such, those skilled in the art will appreciate that the conception upon
which this disclosure is based may readily be utilized as a basis for the designing of other
structures, methods, and systems for carrying out the several purposcs of the ophthalmic
lens including the control, subsequent to the manufacturing of the ophthalmic lens, of
additional dynamic components that may be included in some embodiments. It is
understood, therefore, that the claims inchude such equivalent constructions insofar as

they do not depart from the spirit and scope of the present application.
BRIEF DESCRIPTION OF THE DRAWINGS

(8011} Fig. 1 illustrates a top view of an exemplary Media Insert 100 for an
energized Ophthalmic Device 150 and an isometric representation of the energized
Ophthalmic Device 150 with two partial cross sections.

18012] Fig. 2A s a diagrammatic representation an exemplary Energized
Ophthalmic Lens in accordance with aspects of the present disclosure,

{6013} Fig. 2B illustrates a cross scction of an exemplary liquid meniscus lens
according to some aspects of the present disclosure.

(6014} Fig. 3 illustrates a three dimensional cross section representation of an
exemplary functionalized layered media insert that can be implemented according to
some aspects of the present disclosure.

[8015] Fig. 4 illustrates a processor that may be used to implement some
embodiments of the disclosure.

(6616} Fig. S is a representative display of a simulation of vision correction for a

given patient according to aspects of the present disclosure.
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(80171 Fig. 6 illustrates method steps that may be used to program a multi-focal

ophthalmic lens of the system of the present disclosure.
DETAILED DESCRIPTION OF THE INVENTION

[8018] A method and system uscful to provide nmlti-focal vision correction to a
user is disclosed. The system may be vsed to program vision corrective propertics at
more than ove state using an Energized Ophthalmic Lens i a sensible manner.
According to some aspects, the system can include an active lens insert comprising an
clectro-active arcuate shaped liquid meniscus lens capable of changing a first state to a

predetermined second vision correction state upon a signal from the user.
GLOSSARY

16819} In the description and the claims, various terms may be used for which the
following definitions will apply:

[8028] Active Lens Insert:  as used herein, may refer to an clectronic or
clectromechanical insert device with controls based upon logic circuits.

{6021} Bare Eye Data: as used herein, may refer to data and information taken of
a patient’s cye when the patient is not using any vision correction devices. A series of
¢xams can be performed to collect bare eye data, including, ¢.g., a physiology exam, a
topographical exam, a wavefront exam, and a refraction cxam.

18022} Communication Systermn: as used herein, may refer to a wireless
communication device that can be configured to transmit and reccive cleciromagnetic
radiation from its components. In some embodiments, the communication system can
imclude a nano-antenna, such as a nano-fractal antenna or a nano-yagi-uda type of
antenna architecture, and a nano-scale sensor, processor and nano-fransceiver. In some
embodiments, the communication system can be of negligible size and be without
consequence in most optical plastic polvmer or resin applications. In alternative

embodiments, significantly opaque componenis of larger communication systems that
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would impede vision may be positioned outside of the optical zone, for example, forming
part of a Media Insert.

{80231 Encrgized: as used herein, may refer to the state of being able to supply
clectrical current to or to have clectrical cnergy stored within,

(8024} Energy Receptor: as used herein, may refer to a medium that can functions
as an antenna for recciving wircless cnergy, such as, for example via radio wave
fransmission.

(80251 Encrgy Source: as used herein, may refer to device or laver which is
capable of supplying Encrgy or placing a logical or electrical device in an Encrgized
state.

[8026] Encrgy: as used herein, may refer to the capacity of a physical system to
do work. Many uses within this disclosure may relate to the said capacity being able to
perform electrical actions in doing work,

{88327} Fitting Lens Data: as used herein, may refer to data and information taken
of a patient’s cve when the patient is using a fitting lens vision correction device, A
series of exams can be performed to collect fitting lens data, including, e.g., a
physiology cxam, a topographical exam, a wavefront cxam, and a refraction cxam.

[8028] Functionalized Layer Inscert: as used herein, may refer to an insert for an
ophthalmic device formed from multiple functional layers from which at lcast a portion
of the multiple functional layers are stacked. The multiple lavers may have unique
functionality for each layer; or alternatively mixed functionality in multiple lavers. In
somge embodiments, the layers can be rings.

{8029] Habitual Lens: as used herein, may refer to a lens worn by the patient on
a regular basis, e.g., daily.

[8838] Habitual Lens Data: as used herein, may refer to data and information

taken of a patient’s cye when the pationt is using a habitual lens vision correction device,
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A series of exams can be performed to collect habitual lens data, inchuding, e.g., a
physiology exam, a topographical exam, a wavefront exam, and a refraction exam.

(6031} Lens Design: as used herein, may refer to form, function and/or
appearance of a desired Lens which may provide functional characteristics comprising
but not limited to optical power correction, color appearance, therapeutic functionality,
wearability, acceptable permeability, shape, composition, conformability, acceptable lens
fit {e.g., corneal coverage and movement), and acceptable lens rotation stability.

(6032} Lens Forming Mixture: as used herein, the term "lens forming mixture” or
“Reactive Mixture” or “RMM”(reactive monomer mixture) refors to a monomer or
prepolymer material which can be cured and crosslinked or crosslinked to form an
Ophthalmic Lens. Various embodiments can inchide lens forming mixhures with one or
more additives such as: UV blockers, tints, photoinifiators or catalysis, and other
additives one might desire in an ophthalmic ienses such as, contact or intraccular lenses.

{8833] Mechanical Chotees as used herein, can refer to those choices that are
visible or tangible. Mechanical choices may include base curve, diameter, center
thickncss, and stabilization profiles.

16834} Media Insert: as used herein, may refer to a formable or rigid substrate
capable of supporting an cnergization element, such as a battery, within an ophthalmic
lens. In some embodiments, the media insert also includes one or more variable optic
lenses and communication systems,

{B8835] Metrology: as used herein, may refer to both theoretical and practical
aspects of measurement and “mctrology equipment” includes cquipment capabic of
measuring optical and material characteristics of materials.

18836] Mold: as used herein, may refer to a rigid or semi-rigid object that may be
used to form lenses from uncured formulations. Some molds can include one or more

mold parts used to form a hydrogel lens comprising raised portions,
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(8037} Ocular Surface: as used herein, may refer to an anterior surface area of the
eye.

18038} Ophthalmic Lens: as used hercin, may refer to any ophthalmic device that
resides in or on the cye. These devices can provide optical correction or may be
cosmetic. For example, the term lens can refer to a contact lens, intraccular lens, overlay
lens, ocular insert, optical insert or other similar device through which vision is corrected
or modified, or through which eve physiology is cosmetically enhanced {e.g. iris color)
without impeding vision. In some embodiments, the preferred lenses of the disclosure
arc soft contact lenses are made from silicone elastomers or hydrogels, which include but
are not fimited to silicone hydrogels, and fluorchydrogels.

[86839] Optical Choices: as used herein, may refer to those choices most
beneficial to improving a patient’s vision. Optical choices may include low order
optical aberration correction {e.g., 2nd order, 3rd order), custom low to mid order optical
aberration correction {e.g., 4th order, 5th order), and custom mid to high order optical
aherration correction {¢.¢., 6th order, 7th order).

18040} Optical Zonc: as uscd herein, may refer to an arca of an ophthalmic device
or lens through which a wearcer of the ophthalmic lens secs after the lens is formed.

(8041} Pedigree Profile: as used herein, may refer to the background and/or
manufacturing history of an ophthalmic lens. In some preferred embodiments, the
pedigree profile can include, for example, one or more oft lens corrective specifications,
base curve, material(s), encrypted digital identification data, mamnfacturing facility
information, and authentication data.

18042} Peripheral Zone: as used herein, the term “peripheral zone” or “non-optic
zone” may refer to an area of an ophthalmic lens outside of the optic zone of the
ophthalmic lens, and therefore outside of a portion of the ophthalmic lens through which
a lens wearer sces while wearing the ophthalmic lens on, near or in the eye in a normally

prescribed fashion.
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{8043] Physiology Exam: as used herein, may refer to an exam that observes the
physical appearance of the eve. Physiology exam includes, but is not limited to, a
glaucoma test (©.g., tonometry test, ophthalmoscopy, optic nerve computer imaging
technigues, ctc.}, a retinal exam (e.g., ophthaimoscopy, papillary dilation test, optomap
retinal exam, ete.), checking for ulcers, a tear production fest to check for dry eve
syndrome {¢.g., Schirmer test), checking for eve infections, ctc.

{86344] Refraction Exam: as used hercin, may refer to an cxam whercin a
patient’s vision is refracted using a device that contains hundreds of combinations of
icnses to determinge any possible refractive error such as nearsightedness, farsightedness,
astigmatism, or presbyopia. An over-refraction exam is where a similar exam is taken
but with the patient wearing a contact fens.

[8045] Software-Based: as used herein, may refer to an inferaction to reach
information contained, formulated, and delivered with devices in which onc or more are
clectrie or electronie tn construction and require software code for operation. The
software can be locally installed into one or rmore devices or remotely located.

{8046] Store-Based: as used herein, may refer to an interaction between the
patient and imformation utilizing devices or information source clements occurring at the
point of purchase {¢.g., practitioner’s office, pharmacy, retail store, on-line, kiosk,
mobile van, etc.).

{8647] Topographical Exam: as used herein, may refer to an exam that looks at
the surface features of an eye. Topographical exam inchides, but is not himited to,
curvature of a cornea and surface of a retina, which may help in determining certain
characteristics such as: base curve measurement of a patient’s eye, Himbal measurements,
pupil size, line of sight measurement, pupil center measurement, geometric center
measurerment, etfc.

{3048 Waveftront Exant: as used herein, can refer to an exam that looks at the

way that the light travels in an eye. A wavefront exam, which may be performed with
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an aberrometer, creates an optical aberration map, which is sometimes calied an “optical
fingerprint”, and identifics optical aberrations or distortions of a patient’s eye {e.g., low
order, medium order, high order, Zernike, other functions or descriptors, cte.).
Examples of low order optical aberrations include nearsightedness, farsightedness, and
astigmatism. Examples of high order optical aberrations include coma, trefoil, and
spherical aberration.

{3849] Web-Based as used herein, can refer to an interaction between a
practitioner and/or a patient and information based on communication, either in near real
time or by delayed transmission, between two points, in which this connection uscs in
part the Internct, commonly referred to as the World-Wide-Web, where a practitioner
and/or a patient is at one of the points. The practitioner and/or the patient located point
can be a store or non-store location (i.¢., home or office) for such a web-based
interaction.

{B8058] Referring now to Fig. 1, a top view of an exemplary Media Insert 100 for
an energized ophthalmic device and an isometric exemplary energized Ophthalmic

cvige 150 with two partial cross scctions are depicted. The Media Insert 100 may
comprise an active Optical Zone 120 that may be functional to provide vision correction
at more than one state. In some embodiments, the Media Insert 100 may include a
portion not in the Optical Zone 120 comprising a substrate |13 incorporated with
energization clements 110 and clectronic components 105,

{8851} In some embodiments, a power source 118, which may be, for example, a
battery, and a load 105, which may be, for cxampile, a semiconductor dic, may be
attached to the substrate 115, Conductive traces 125 and 130 may clectrically
interconnect the electronic components 105 and the encrgization clements 118, I some
embodiments, the Media Tnsert 100 can be fully encapsulated to protect and contain the
cnergization elements 110, traces 125 and 130, and clectronic components 105, In some

embodiments, the encapsulating matertal may be semi-permeable, for example, to
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prevent specific substances, such as water, from entering the Media Insert 100 and to
allow specific substances, such as ambient gasses, fluid samples, and/or the byproducts
of reactions within energization clements 110, to penetrate and/or escape from the
Media Insert 160.

(8052} In some ermbodiments, the Media Insert 100 may be included in/or an
Ophthalmic Lens 150, which may comprisc a polymeric biocompatible material. The
Ophthalmic Lens 150 may include a rigid center, soft skirt design wherein a central rigid
optical element comprises the Media Insert 108, In some specific embodiments, the
Media Insert 100 may be in dircct contact with the atmosphere and the corncal surface on
respective anterior and posterior surfaces, or alternatively, the Media Insert 100 may be
encapsulated in the Ophthalmic Lens 150, The periphery 135 of the Ophthalmic Device
153 may be a soft skirt material, ncluding, for example, a hydrogel material. The
hydrogel material which include a silicone containing component. A “siliconce-
containing component” is one that contains at least one [-5i-0-] unit in 8 monomer,
macromer or prepolymer.  Preferably, the total 51 and attached O are present in the
silicong-containing component in an amount greater than about 20 weight percent, and
more preferably greater than 30 weight percent of the total molecular weight of the
silicone~containing component,  Useful silicone-containing components preferably
comprise polymerizable functional groups such as acrvlate, methacrylate, acrylamide,
methacrylamide, vinyl, N-vinyl lactam, N-vinylamide, and styryl functional groups.

[8053] Other silicone containing components suttable for use in this disclosure
include macromers containing polysiloxane, polyalkylene cther, diisocyanate,
polyfluorinated  hydrocarbon, polyfluorinated cther and polysaccharide  groups;
polystloxanes with a polar fluorinated graft or side group having a hydrogen atom
attached to a terminal difluoro-substituted carbon atom; hydrophilic  siloxanyl

methacryvlates containing other and siloxanyl linkanges and crosslinkable monomers

oy
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containing polyether and polysiloxanyl groups. Any of the foregoing polysiloxanes can
also be used as the silicone containing component in this disclosure.

(66834} In some embodiments, the infrastructure of the Media Insert 100 and the
Ophthalmic Device 150 may provide an environment to perform analysis of ocular fluid
while in contact with an ocular surface according to aspects of the present jnvention.
Ocular fluid samples can include any one, or a combination ofl tcar fluid, agucous
humour, vitreous humeour, and other interstitial fluids located in the eye.

{B055] Referring now to Fig. 2A, a diagrammatic representation another
exemplary Energized Ophthalmic Lens 200 in accordance with aspects of the present
disclosure is illustrated. The exemplary Energized Ophthalmic Lens 200 may comprise a
soft plastic and/or hydrogel portion 202 which can support, and in some embodiments,
cncapsulate the Media Tnsert 204, According to aspects of the present disclosure, the
Media Insert 204 can include an arcuate shaped liguid meniscus lens 206 which may be
activated by the electronics, for example, focusing an image near or far depending on
activation.

[8056] Integrated circuit 208 can mount onto a surface of the Media Insert 204
and connect to Energy Source 210 (e.g. batterigs), lens 206, and other components as
necessary for the system, The integrated circuit 208 can include a photosensor 212 and
associated photodetector signal path circuits. The photosensor 212 may face outward
through the lens insert and away from the eye, and is thus can be able to receive ambicnt
light. The photosensor 212 may be implemented on the integrated circnit 208 (as shown}
for example as a single photodiode or array of photodiodes. The photoscnsor 212 may
also be implemented as a separate device mounted on the Media Insert 204 and
connected with wiring traces 214,

{80571 In some ermnbodiments, an activation signal for a change of state of the
arcuate shaped liquid meniscus lens 206 may result from a user blinking., When the

eyelid closes, the Media Insert 204 including photosensor 212 18 covered, thereby
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redocing the hight level incident on the photosensor 212, The photosensor 212 is able to
measure the ambient light to determine when the user is blinking. In some embodiments
including the blink detection system, an algorithm can be implemented that may aliow
for more variation in the duration and spacing of the blink sequence to identify
activation signals from the user. For exarople, by timing the start of a second blink
based on the measured ending time of a first blink rather than by using a fixed template
or by widening the mask “don’t care™ intervals () values).

[B058] It will be appreciated that the blink detection algorithm may be
implemented in digital logic or in software running on the processor of the system
controller 218, The algorithm logic or system controller 210 may be implemented in a
single application-specific integrated circuit, ASIC, with photodetection signal path
circuitry and a system controller, or it may be partitioned across more than one
integrated circuit. [t is important to note that the blink detection systom of the present
disclosure has broader uses than for vision diagnostics, vision correction and vision
enhancement. These broader uses include utilizing blink detection as a means to control
a wide variety of functionality for individuals with physical disabilitics.

{8059] The same reasoning can apply to sensors for detecting the presence and
locations of objects; namely, emitter-detector pairs, and pupil dilation sensors, All of
these sensor readings may be utilized as signals or values for a control protocol to be
implemented by various systems incorporated into an electronic or powered OUphthalmic
Lens.

{80601 Referring now to Fig. 2B, a cut away view of a liquid meniscus lens 206
with a front curve lens 201 and a back curve lens 223, The front curve lens 201 and the
back curve fens 223 can be positioned proximate to cach other and form an arcuate
cavity 213 therebetween. The front curve lens includes a concave arcuate interior lens
surface 203 and a convex arcuate exterior lens surface 215. The concave arcuate lens

surface 203 may have one or more coatings (not ithustrated). Coatings may include, for
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example, one or more of electrically conductive materials or electrically insulating
materials, hydrophobic materials or hydrophilic maternials. One or both of the arcuate
icns surface 203 and the coatings arc in liquid and optical communication with an oil
217 contained within the cavity 213,

[8861] The back curve lens 223 inclades a convex arcuate inferior lens surface
205 and a concave arcuate cxicrior lens surface 219. The convex arcuate lens surface
2035 may have one or more coatings (not illustrated). Coatings may include, for example,
one or more of electrically conductive materials or electrically insulating matenals,
hydrophobic materials or hydrophilic materials, At least one of the convex arcuate lens
surface 205 and the coatings arc in liquid and optical communication with a saline
solution 207 contained within the cavity 213, The saline solution 207 can inchude one or
more salts or other components which are clectrically conduoctive and as such may be
cither attracted to or repulsed by an electric charge.

[B80362] According to the present invention, an electrically conductive coating 209
is located along at least a portion of a periphery of one or both of the frout curve lens
201 and the back curve lens 202. The clecirically conductive coating 20% may include
goid or silver and is preferably biscompatible. Application of an electrical charge to the
clectrically conductive coating 209 creates either an attraction or a repulsion of the
clectrically conductive salts or other components in the saline solution.

{8063] The front curve lens 201 has an optical power in relation to light passing
throngh the concave arcuate interior lens surface 203 and a convex arcuate exterior fens
surface 215, The optical power may be O or may be a plus or minus power. In somge
preferred embodiments, the optical power is a power typically found in corrective
contact fenses, such as, by way of non-limiting example, a power between 8.0 and +8.0
diopters.

[6064] The back curve lens 223 has an optical power in relation to light passing

throngh the convex arcuate interior lens surface 205 and a concave arcuate exterior fens
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surface 219, The optical power may be { or may be a plus or minus power. In some
embodiments, the optical power is a power typically found n corrective contact fenses,
such as, by way of non-limiting cxample, a power between —8.0 and +8.0 diopters.

[8065] Various embodiments may also include a change in optical power
associated with a change in shape of a liguid meniscus 211 formed between the saline
sohution 207 and the oil 217, In some embodiments, a change in optical power may be
relatively small, such as, for cxample, a change of between 0 to 2.0 diopters of change.
In other embodiments, a change in optical power associated with a change in shape of a
Higuid meniscus may be up to about 30 or more diopiers of change. Generally, a higher
change in optical power associated with a change in shape of a Hiquid meniscus 211 is
associated with a relatively thicker lens thickness 221,

[8066] According to some embodiments of the present invention, such as those
cembodiments that may be included in an ophthalmic lens, such as a contact lens, a cross
cut lens thickness 221 of an arcuate liquid meniscus lens 206 will be up to about 1,000
microns thick., An exeraplary lens thickness 221 of a relatively thinner Ophthabmic Lens
200 may be up to about 200 microns thick. Preferred embodiments may include a hiquid
meniscus lens 206 with a lons thickness 221 of about 600 microns thick. Generally a
cross cut thickness of front curve lens 201 may be between about 35 microns to about
200 microns and a cross cut thickness 221 of a back curve lens 202 may also be between
about 35 microns and 200 microns.

{83671 According to the present invention, an aggregate optical power is an
aggregate of optical powers of the front curve lens 201 the back curve lens 223 and a
liquid meniscus 211 formed between the otf 217 and the saline solution 207, In some
embodiments, an optical power of the Ophthalmic Lens 200 will also include a
difference in refractive index as between one or more of the front curve lens 201, the

back curve lens 223, oil 217 and the saline solution 207,
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{88368} In those embodiments that inchude an arcuate Hiquid meniscus lens 206
incorporated into an Ophthalmic Lens 200, it is additionally desirouns for the saline 207
and oil 217 to remain stable in their relative positions within the curved liguid meniscus
iens 200 as a contact wearer moves. Generally, it is preferred to provent the oil 217 from
floating and moving relative to the saline 207 when the wearer moves, accordingly, an
oil 217 and saline solution 207 combination is preferably selected with a samc or similar
density. Additionally, an oil 217 and a saline solution 207 preferably have relatively low

~
7
i

immiscibility so that the saline 217 and oil 208 will not mix.

{8069] In some preferred embodiments, a volume of saline solution 207
contained within the cavity 213 is greater than the volume of ot 217 contained within
the cavity 213, Additionally, some preferred embodiments inchude the saline solution
207 in contact with cssentially an entirety of an inferior surface 205 of the back curve
iens 223, Some embodiments may include g volume of oil 217 that is about 66% or
more by volume as compared to an amount of saline solution 207. Some additional
embodiments may include an arcuate liquad roeniscos lens wherein a volume of oil 217
that i3 about 90% or less by volume as compared to an amount of saline solution 207,

16878} Referring now to Fig. 3 a three dimensional ¢ross section representation is
tHustrated of vet another exemplary Ophthalmic Lens 300 including a Functionalized
Layer Media Insert 320 configured to include a variable arcuate shaped liquid meniscus
lens 310 with energization and electronic components on one or more of its fayers 330,
331, 332, In the present exemplary embodiment, the Media Insert 320 surrounds the
entire periphery of the Ophthalmic Lens 300, Onc skilled in the art can understand that
the Media fnsert 320 implemented may comprise a full annular ring or other shapes that
still may reside inside or on the hydrogel portion of the Ophthalmic lens 300 and be

within the size and geometry constraints presented by the ophthalmic environment of the

USer.
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[8071] Layers 330, 331 and 332 are meant to ilhustrate three of numerous layers
that may be found in a Media Insert 320 formed as a stack of functional layers. In some
embodiments, for cxample, a single layer may include onc or more of: active and passive
components and portions with structural, electrical or physical properties conducive to a
particular purpose including the energization, programuyuing, and control functions
described in the present disclosure, For example, in some embodiments, a layer 330 may
include an Encrgy Source, such as, one or more of: a battery, a capacitor and a receiver
within the layer 330, Hem 331 then, in a non-limiting exermplary sense may comprise
microcircuitry in a layer that detects actuation signals for the Ophthalmic Lens 300. In
some embodiments, a power regulation layer 332, may be included that is capable of
recetving power from external sources, charges the battery layer 330 and controls the use
of battery power from layer 330 when the Ophthalmic Lens 300 is not in a charging
environment. The power regulation may also control signals to an exemplary active
arcuate shaped Hguid meuniscus lens 310 in the center annular cutout of the Media Insert
320

16872} An energized lens with an embedded Media Insert 320 may include an
energy source, such as an clectrochemical cell or battery as the storage means for the
energy and in some embodiments, cncapsulation, and isolation of the materials
comprising the encrgy source from an cnvironment into which an Ophthalmic Lens is
placed. In some embodiments, a Media Insert 320 can also include a pattern of circnitry,
components, and energy sources. Various embodiments may include the Media Insert
320 locating the pattern of circuitry, components and Energy Sources arcund a periphery
of an Optic Zone through which a wearer of an Ophthalmic Lens would see, while other
embodiments may include a patiern of circuitry, components and Energy Sources which
are small enough fo not adversely affect the sight of the Ophthalmic Lens wearer and

therefore the Media Insert 320 may locate them within, or exterior to, an Optical Zone.
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[8473] Referring now to Fig. 4, a schematic diagram of an exemplary system
controlier 400 that may be used with some embodiments of the present disclosure is
ithustrated. The system controller 400 inchudes a processor 410, which may include one
Or more processor components coupled to a communication device 420, In some
embodiments, a system controller 400 can be used to transmit encrgy to the energy
source placed in the Ophthalmic Lens.

(8674} The system controller 400 can include onc or more processors 410,
coupled to a communication device 4280 configured to communicate logical electrical
signals via a communication channel. The communication device 420 may be used, for
example, to clectronically control one or more of: the change of state of the arcuate
shaped liquid meniscus lens, actuation of an clectrical component, recording of sensor
data, programming and execution of operational protocols, and the transfer of commands
to operate a component,

(8075} The communication device 420 may also be used to communicate, for
example, with one or more wireless user interface device, metrology deviee, and/or
manufacturing cquipment components. The system processor 410 is also in
commumication with a storage device 430, The storage device 430 may comprisce any
appropriate information storage device, including combinations of magnetic storage
devices {e.g., magnctic tape and hard disk drives), optical storage devices, and/or
semiconductor memory devices such as Random Access Memory {(RAM} devices and
Read Only Memory (ROM]} devices.

18076} The storage device 430 can store a program 440 for controlling the
processor 410, The processor 410 performs instructions of the program 440, and thereby
operates in accordance with the present disclosure. For example, the processor 418 may
transmit data including, for example, unique identifier, sensor data, calibration data,
operational protocols, user information and other data that can be included for the

operation of the ophthalmic lens and/or, in some embodiments, to generate a user profile.
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Accordingly, the storage device 430 can also store ophthalmic related data in one or more
databases 450-460.

{80771 Referring now to Fig. 5 a represcentative display of a simulation 500 of
vision correction for a given patient is illustrated. In particular, Fig. 5 is a simulated
Snellen chart that is generated to show a patient the vision correction options avatlable
to him/her using lens design data. Information regarding a paticnt’s bare cye data is
provided; and two or more available vision options are sclected and displayed. The
patient can select based on need and preference. In certain embodiments of the present
invention, the basic steps of reguesting information from a patient and sclecting an
appropriate option are performed in a substantially continuous, interactive process.

{8878} For example, a store display could be equipped with an interactive
computer which can prompt the user to answer guestions, keep track of the answers,
provide new questions and/or selections basced upon the answers provided, and sclect an
appropriate classification based on those answers as described above. In alternative
embodiments, the information may be collected from a patient though the use of an
intcractive site on the World Wide Web, an interactive menu-driven phone system, and
the like. Charts, tables or other figures may be used as devices for requesting
nformation from a patient and taking the patient through the preference process as
described above. Similarly, charts, figures, and the like, can be distributed via ¢-mail, or
via a network such as the World Wide Web, and the like.

{80791 It is also possible for information regarding the sclection of vision
correction options in accordance with the methods of the present invention to be
distributed to eye care practitioners, merchants, or other persons and/or places likely to
be engaged in the recommendation, retail sale, promotion, distribution, giveaway, or
trade of eye care products. The intcraction described in the present application could
take place between a patient, a paticnt's carctaker, a paticnt’s parent, a paticnt's cyc care

practitioner, merchant, or other person engaged in the sale of eye care products. Further,
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selection may occur proxtmate to a display case containing one or more of the vision
correction options available within cach of any available classifications.

{80801 Referring now to Fig. 6, a flow chart illustrating method steps that may
be used to program a multi-focal ophthalmic lens of the system of the present disclosure
are depicted. At step 701, an eve examination of a patient using vision simulation
interactive software can take place to determine the vision correction needs for a patient
at a first distance X. During the same ¢ye examination of step 701 or in a different type
of examination, at step 705, vision correction needs of the patient also using vision
simulation interactive software can be determined for a second distance Y. At step 710,
Bare Eve Data or measurements may be obtained during one or more examinations,
Eve examinations can inchide, for example, a Topographical Exam, Wavefront Exam,
and/or Physiology Exam. The examinations may include one or a combination of
Software Based, Store Based, and Web-based data collection methods.

[B081] Atstep 715, at least one lens design option of an available product is
obtained. Lens design options may inchude, for examople, geometrical shapes for fit,
optical propertics, functional components, Mcechanical Choices, and the like. Said
obtained lens design option may be implemented by the vision simulation software to
provide the visual simulations according to the option(s} sclected. Visual simulations
may be provided to the patient as a simulated display of graphical representations
predicting the optical effect for one or more lens design options avatlable for that
patient.

{80821 Atstep 720, an ophthalmic lens may be sclected that is capable of
correcting the vision correction neceds of the patient for a distance X, According to the
selected ophthalmic lens, at step 728, an operational protocol for a change in optical
state of the arcuate shaped liquid meuniscus lens to provide vision corrective propertics
for distance Y is programmed. The protocol can be exccuted according to an activation

signal. The activation signal which may be triggered, for example, according to blink
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detection system previously described. In addition, in some embodiments one state may
not include any vision correcting optical propertics. For example, only near sight
correction propertics may be progranuuned in the Ophthalmic Lens at a first state and no
vision correction can occur at the second state. This can be uscful for users that only

require vision correction for either near sight or distance sight.
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CLAIMS

1. A system for providing multi-focal vision corten to a patent comprising:

an energized ophthalmic lens comprising a mediarirad a hydrogel portion, wherein
the hydrogel portion supports the media insert tvimcludes one or both of: a battery and an
arcuate shaped liquid meniscus lens;

a communication system in logical electrical cortiogcwith a system processor of the
energized ophthalmic lens, the communication systenfigured to wirelessly receive data from

a refraction examination of a user; and

the system processor being supported by the meskatiand configured to change the
shape of the liquid meniscus of said arcuate shigeaid meniscus lens from a first state to a
second state according to a programmed signal lmasad input from a user and the wirelessly

received data from the refraction examination,

wherein the geometry of the ophthalmic lens igasi partially defined by a
topographical examination, is useful to be worrtt@anterior ocular surface of an eye, and
capable of correcting distance vision deficiene#en the liquid meniscus of said arcuate

shaped liquid meniscus lens is at a first staté, an

the change of the shape of the liquid meniscusiof arcuate shaped liquid meniscus

lens from a first state to a second state can comnear sight deficiencies.

2. The system of claim 1, wherein:

the refraction examination takes place at a renoai#tion using diagnostic software
configured to display simulated graphical comparssand receive user feedback corresponding
to an anticipated optical performance resultingfithe change of the shape of the liquid
meniscus of said arcuate liquid meniscus lens wieaming one or more of the simulated
graphical representation.
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3. The system of claim 2, wherein:

the software configured to display the simulatempyical comparisons uses corneal
topography information and ophthalmic lens geomigtigrmation to simulate the expected
optical performance.

4. The system of claim 2, wherein:

the diagnostic software is executed by a persayrapater capable of displaying the
graphical comparisons, the graphical comparisocisiding a graphical representation modified
by the anticipated optical performance of the shafke liquid meniscus of said arcuate liquid

meniscus lens at the second state.

5. The system of claim 2, wherein:

the diagnostic software is executed by a handhelitd capable of displaying the
graphical comparisons, the graphical comparisotisiding a graphical representation modified
by the anticipated optical performance of the shafpke liquid meniscus of said arcuate liquid
meniscus lens at the second state.

6. The system of claim 2, wherein:

the diagnostic software is capable of sending armth of user's feedback and

measurement refraction examination informationn@yge care practitioner.

7. The system of claim 1, wherein:

the refraction examination takes place at an ey mactitioner office using diagnostic
software configured to display a simulated gradimepresentation and receive user feedback
corresponding to an expected optical performansaitieg from the change of the shape of the
liquid meniscus of said arcuate liquid meniscus hen viewing the simulated graphical

representation.
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8. The system of claim 7, wherein: the softwarefigomed to display the simulated
graphical comparisons uses corneal topographyrnrdton and product geometry information to

simulate the expected optical performance.

9. The system of claim 7, wherein:

the diagnostic software is executed by a persarapater capable of displaying the
graphical comparisons, the graphical comparisocisiding a graphical representation modified
by the anticipated optical performance of the shafke liquid meniscus of said arcuate liquid

meniscus lens at the second state.

10. A system for providing multi-focal vision coctéon to a patient comprising:

an energized ophthalmic lens comprising a mederirand a hydrogel portion, wherein
the hydrogel portion supports the media insert tvimicludes a battery and a liquid meniscus

lens;

a communication system in logical electrical cortioecwith a system processor of the
ophthalmic lens, the communication system confiduoereceive data from a refraction

examination of a user; and

the system processor is supported by the media iase configured to change the shape
of the liquid meniscus of the liquid meniscus |&sn a first state to a second state according to

an input from a user and the received data frommdfraction examination,

wherein the geometry of the ophthalmic lens igast partially defined by a
topographical examination and is useful to be wmrnhe anterior ocular surface of an eye and

capable of correcting near vision deficiencies wtienliquid meniscus is at a first state, and

the change of the shape of the liquid meniscus fidirst state to a second state can

correct distance sight deficiencies.
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11.  The system of claim 10, wherein:

the refraction examination takes place at a renoat#tion using diagnostic software
configured to display simulated graphical comparssand receive user feedback corresponding
to an anticipated optical performance resultingnfithe change of the shape of the liquid

meniscus when viewing the simulated graphical gation.

12. The system of claim 11, wherein:

the software configured to display the simulatempyical comparisons uses corneal
topography information and product geometry infaiorato simulate the expected optical

performance.

13.  The system of claim 11, wherein:

the diagnostic software is executed by a persarrapater capable of displaying the
graphical comparisons, the graphical comparisotisiding a graphical representation modified

by the anticipated optical performance of the shadibe liquid meniscus at the second state.

14.  The system of claim 11, wherein:

the diagnostic software is executed by a handhelitd capable of displaying the
graphical comparisons, the graphical comparisotisiding a graphical representation modified

by the anticipated optical performance of the shahe liqguid meniscus at the second state.

15. The system of claim 11, wherein:

the diagnostic software is capable of sending armth of user's feedback and

measurement refraction examination informationrt@ye care practitioner.

25



16.  The system of claim 10, wherein:

the refraction examination takes place at an ey mactitioner office using diagnostic
software configured to display a simulated gradiearesentation and receive user feedback
corresponding to an expected optical performansaltieg from the change of the shape of the

liquid meniscus when viewing the simulated graphiepresentation.

17. The system of claim 16, wherein:

the software configured to display the simulatespyical comparisons uses corneal
topography information and product geometry infaiorato simulate the expected optical

performance.

18.  The system of claim 16, wherein:

the diagnostic software is executed by a persarrapater capable of displaying the
graphical comparisons, the graphical comparisotisiding a graphical representation modified

by the anticipated optical performance of the shadibe liquid meniscus at the second state.
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