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METHODSAND APPARATUSFOR ELECTROACTIVE VARIABLE
APERTURE LENSES

BACKGROUND OF THE INVENTION

1. Field of the Invention
This invention describes a lens device with a \dei@perture capability and, more
specifically, in some examples, the fabricatiomofophthalmic lens with a variable

aperture insert.

2. Discussion of the Related Art

Traditionally lenses of various kinds including@phthalmic lens, such as a
contact lens or an intraocular lens provided a gtexthined optical quality. A contact
lens, for example, may provide one or more of tilewing: vision correcting
functionality; cosmetic enhancement; and therapeaftects, but only a set of vision
correction functions. Each function is providedabghysical characteristic of the lens.
Basically, a design incorporating a refractive gyahto a lens provides vision corrective
functionality. A pigment incorporated into the lemay provide a cosmetic enhancement.
An active agent incorporated into a lens may preadliagnostic and/or therapeutic
functionality.

There are examples of ophthalmic lenses incorpagaimasking layer that creates
a small “pinhole” aperture. The static masking fagreates an ophthalmic lens that
improves the clarity of the image that a user okesserHowever, for normal uses when the
user does not have to focus on detail, the expsriean be unfulfilling with the
perception of tunnel vision and missed periphevakent. Nevertheless, the improvement
aspect of an aperture creates the possibility eéhlens devices which operate with
electroactive control over a variable aperture affiokd a user the ability to gain clarity

under detailed use.
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SUMMARY OF THE INVENTION

Accordingly, the present invention includes innawmas relating to a variable
aperature insert that may be energized and incatgadinto a lens. In some examples, the
lens may be an ophthalmic lens which is capabtéhahging the clarity of a detailed
image and upon a directed switching of state rebshang a normal static lens
performance. Examples of such ophthalmic devicegin@dude a contact lens or an
intraocular lens. In addition, methods and appar&duforming a variable aperture
ophthalmic lens with a variable aperture inserhveliements that are switch between
opaque and clear status are presented. Some exsamg@jealso include a cast-molded
silicone hydrogel contact lens with a rigid or faiohe energized insert, which may
additionally include a variable aperture portiomeanein the insert is included within the
ophthalmic lens in a biocompatible fashion. Therfable energized insert may also be

encapsulated in standard contact lens material asitlydrogel.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other features and advantaggsohvention will be apparent
from the following, more particular descriptionmeferred examples of the invention, as
illustrated in the accompanying drawings
Figure 1 illustrates exemplary mold assembly agpareomponents that may be useful in
implementing some examples of the present invention
Figures 2A and 2B illustrate an exemplary energzgiathalmic lens with a variable
aperture insert embodiment.

Figure 3 illustrates a cross sectional view of phtbalmic lens device embodiment with a
variable aperture insert.

Figure 4 illustrates an exemplary improvement iage quality when an electroactive lens
system is switch to reduced aperture size.

Figures 5A-D illustrate examples of different sizesl shapes of apertures according to

the present disclosure.
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Figures 5E illustrates an examples of multiplead#ht sizes and shapes of apertures in a |
Figure 6A illustrates aspects of a controllablaalale aperture lens where the inside and
outside of the blocking layer may be made transgdoeallow the iris to be shown and to
be adjusted as the user’s pupil size changes.

Figure 6B illustrates an exemplary device for atoglable variable aperture lens
comprising photochromic materials where the phatmeic device is in a state not
blocking light.

Figure 6C illustrates an exemplary device for atiiable variable aperture lens
comprising photochromic materials where the phatacic device is in a state blocking
light.

Figure 6D illustrates an exemplary cross sectioa edriable aperture lens.

Figure 6E illustrates an exemplary cross sectiom zdriable aperture lens.

Figure 6F illustrates an exemplary cross sectioa wdriable aperture lens.

Figure 6G illustrates an interdigitated biasingreat for a variable aperture lens.

Figure 6H illustrates an exemplary cross sectioa driable aperture lens with a central
hole element.

Figure 7 illustrates method steps for forming ahtbplmic lens with a variable aperture
insert.

Figure 8 illustrates an example of apparatus compizfor placing a variable aperture
insert between shaped insert pieces into an ophibiééns mold part.

Figure 9 illustrates a processor that may be us@aplement some examples of the

present invention.

DETAILED DESCRIPTION OF THE INVENTION

The present invention includes methods and apmafatumanufacturing an
ophthalmic lens with a variable aperture insert iglrethe variable aperture portion is
comprised of a liquid crystal or a composite malesihich itself includes liquid crystal
constituents. In addition, the present inventiariudes an ophthalmic lens with a variable

aperture insert comprised of liquid crystal incagied into the ophthalmic lens.
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According to the present invention, an ophthalrartslis formed with an
embedded insert and an energy source, such as@aroehemical cell or battery as the
storage means for the Energy. In some examplesnéberials comprising the energy
source may be encapsulated and isolated from d@roament into which an ophthalmic
lens is placed. In some examples the energy sooagenclude an electrochemical cell
chemistry which may be used in a primary or recbalote configuration.

A wearer-controlled adjustment device may be usedty the optic portion. The
adjustment device may include, for example, antedac device or passive device for
increasing or decreasing a voltage output or emgegnd disengaging the energy source.
Some examples may also include an automated adjostievice to change the variable
aperture portion via an automated apparatus acuptdia measured parameter or a
wearer input. Wearer input may include, for examalswitch controlled by wireless
apparatus. Wireless may include, for example, r&diguency control, magnetic
switching, patterned emanations of light, and indace switching. In other examples
activation may occur in response to a biologicaction or in response to a measurement
of a sensing element within the ophthalmic lenie@examples may result from the
activation being triggered by a change in ambiighiting conditions as a non-limiting
example.

Variation in optic power may occur when electields, created by the
energization of electrodes, causes realignmenimitte liquid crystal layer thereby
shifting the molecules from the resting orientatioran energized orientation. In other
alternative examples, different effects causedeyaiteration of liquid crystal layers by
energization of electrodes may be exploited sucfoagxample, changing of the light
polarization state, particularly, polarization tata.

In some examples with liquid crystal layers, thewy be elements in the non-
optical zone portion of the ophthalmic lens thayrba energized, whereas other examples
may not require energization. In the examples watlemergization, the liquid crystal may
be passively variable based on some exterior fal@oexample, ambient temperature, or
ambient light.
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An alternative example may derive when the phyderad elements that contain
the liquid crystal layers are shaped themselvémte different focal characteristics. The
electrically variable index of refraction of a ligwrystal layer may then be used to
introduce changes in the focal characteristichefléns based on the application of an
electric field across the liquid crystal layer thgh the use of electrodes. The index of
refraction of a liquid crystal layer may be referte as an effective index of refraction,
and it may be possible to consider each treatnedatimg to an index of refraction as
equivalently referring to an effective index ofradtion. The effective index of refraction
may come, for example, from the superposition oltiple regions with different indices
of refraction. In some examples, the effective aspeay be an average of the various
regional contributions, while in other examples ¢fffective aspect may be a superposition
of the regional or molecular effects upon incidggtit. The shape that the front
containment surface makes with the liquid crysigel and the shape that the back
containment surface makes with the liquid crystgel may determine, to first order, the
focal characteristics of the system. While refegtio refractive characteristics of the
liquid crystal layer, the patterning of these refige characteristics may impart to the lens
diffractive characteristics that are used to effety alter focal characteristics of the lens.

In the following sections detailed descriptionsegémples of the invention will be
given. The description of both preferred and al&ue examples are examples only, and
it is understood that to those skilled in the hat tvariations, modifications and alterations
may be apparent. It is therefore to be understbatdaid examples do not limit the scope

of the underlying invention.

GLOSSARY

In this description and claims directed to the @nésd invention, various terms may
be used for which the following definitions will ply:

Alignment layer: as used herein refers to a laggaaent to a liquid crystal layer
that influences and aligns the orientation of malies within the liquid crystal layer. The
resulting alignment and orientation of the molesutey affect light that passes through

the liquid crystal layer. For example, the aligntn&md orientation may act with refractive
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characteristics upon the incident light. Additidpathe effect may include alteration of
the polarization of the light.

Aperture: as used herein refers to a portion eha kystem which allows light to
pass through to an image plane, wherein the reggioounding the aperture is masked to
block light that could otherwise proceed througth®image plane.

Electrical Communication: as used herein refetseiag influenced by an electrical
field. In the case of conductive materials, théuefice may result from or in the flow of
electrical current. In other materials, it may bestectrical potential field that causes an
influence, such as the tendency to orient permaarahinduced molecular dipoles along
field lines as an example.

Energized: as used herein refers to the stateind lable to supply electrical
current to or to have electrical energy stored with

Energized orientation: as used herein refers totimtation of the molecules of a
liquid crystal when influenced by an effect of dqudial field powered by an energy
source. For example, a device containing liquidiaig may have one energized
orientation if the energy source operates as ethenr off. In other examples, the
energized orientation may change along a scaletatfdoy the amount of energy applied.

Energy: as used herein refers to the capacitypbiyaical system to do work. Many
uses within this invention may relate to the sagacity being able to perform electrical
actions in doing work.

Energy source: as used herein refers to deviceotmpésupplying energy or
placing a biomedical device in an energized state.

Energy Harvesters: as used herein refers to deajgable of extracting energy
from the environment and convert it to electricqadigy.

Interstices and Interstitial as used herein refeegions within the boundaries of a
polymer networked layer that are unoccupied byipostof the polymer and may be
locations for other atoms or molecules to resiggidally, herein, a liquid crystal molecule
itself may co-reside in a region within the polymetwork and the space that said liquid
crystal therefore occupies may be classified astarstice.

Intraocular lens: as used herein refers to an ajrhnib lens that is embedded within
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the eye.

Lens-Forming Mixture or Reactive Mixture or reaetimonomer mixture (RMM):
as used herein refers to a monomer or prepolymesriabthat may be cured and
crosslinked or crosslinked to form an ophthalmitslévarious examples may include
lens-forming mixtures with one or more additivestsas: UV blockers, tints,
photoinitiators or catalysts, and other additivee might desire in an ophthalmic lens
such as, for example, contact or intraocular lenses

Lens-Forming Surface: as used herein refers tofacguthat is used to mold a
lens. In some examples, any such surface may hmagptecal quality surface finish,
which indicates that it is sufficiently smooth aflodmed so that a lens surface fashioned
by the polymerization of a lens-forming mixturecontact with the molding surface is
optically acceptable. Further, in some examples]ehs-forming surface may have a
geometry that is necessary to impart to the lerfael the desired optical characteristics,
including, for example, spherical, aspherical aylthder power, wave front aberration
correction, and corneal topography correction.

Liquid Crystal: as used herein refers to a statmatter having properties between
a conventional liquid and a solid crystal. A liquig/stal may not be characterized as a
solid, but its molecules exhibit some degree @ratient. As used herein, a liquid crystal
is not limited to a particular phase or structima, a liquid crystal may have a specific
resting orientation. The orientation and phases lafuid crystal may be manipulated by
external forces, for example, temperature, magmets electricity, depending on the
class of liquid crystal.

Lithium lon Cell: as used herein refers to an e@attemical cell where Lithium
ions move through the cell to generate electrioalgy. This electrochemical cell,
typically called a battery, may be reenergizedecharged in its typical forms.

Media insert or insert: as used herein refersfayraable or rigid substrate capable
of supporting an energy source within an ophthalems. In some examples, the media
insert also includes one or more variable apegargons.

Mold: as used herein refers to a rigid or semierigiject that may be used to form

lenses from uncured formulations. Some preferredisnaclude two mold parts forming
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a front curve mold part and a back curve mold part.

Ophthalmic Lens or Lens: as used herein referayooahthalmic device that
resides in or on the eye. These devices may prapteal correction or modification, or
may be cosmetic. For example, the term “lens” nedgrrto a contact lens, intraocular
lens, overlay lens, ocular insert, optical insertpther similar device through which
vision is corrected or modified, or through whigfeghysiology is cosmetically enhanced
(e.g. iris color) without impeding vision. In soregamples, the preferred lenses of the
invention are soft contact lenses which are maala &ilicone elastomers or hydrogels,
which include, for example, silicone hydrogels dndrohydrogels.

Optical or optic zone: as used herein refers taraa of an ophthalmic lens through
which a wearer of the ophthalmic lens sees.

Power: as used herein refers to work done or ertemggferred per unit of time.

Rechargeable or Reenergizable: as used hereis tefarcapability of being
restored to a state with higher capacity to do whbtkny uses within the present invention
may relate to the capability of being restored wlith ability to flow electrical current at a
certain rate for certain, reestablished time period

Reenergize or Recharge: as used herein refers testoration of an energy source
to a state with higher capacity to do work. Mangsugithin the present invention may
relate to restoring a device to the capabilityieavfelectrical current at a certain rate for a
certain, reestablished time period.

Released from a mold: as used herein refers tosaideeither completely separated
from the mold, or is only loosely attached so thatay be removed with mild agitation or
pushed off with a swab.

Resting orientation: as used herein refers to tientation of the molecules of a
liquid crystal device in its resting, non-energiztdte.

Variable aperture: as used herein refers to thaaipto change an optical quality,
for example, the size of a transparent region efi¢ins which alters the depth of field of

the lens system.
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OPHTHALMIC LENSES

Referring to Figure 1, an apparatus 100 to forntlogimic devices comprising
sealed and encapsulated inserts is depicted. Tggaps includes an exemplary front
curve mold 102 and a matching back curve mold AOdariable aperture insert 104 and a
body 103 of the ophthalmic device may be locatsdlmthe front curve mold 102 and the
back curve mold 101. In some examples, the matefidle body 103 may be a hydrogel
material, and the variable aperture insert 104 beagurrounded on all surfaces by this
material.

The variable aperture insert 104 may comprise pieltiquid crystal layers (also
called layers containing liquid crystal.) Other exdes may include a single liquid crystal
layer, some of which are discussed in later sestidhe use of the apparatus 100 may
create a novel ophthalmic device comprised of alioation of components with
numerous sealed regions.

In some examples, a lens with a variable aperhgeri 104 may include a rigid
center soft skirt design wherein a central rigiticg element including the layer
containing liquid crystal 109 and the layer contagnliquid crystal 110 is in direct contact
with the atmosphere and the corneal surface orectigsp anterior and posterior surfaces.
The soft skirt of lens material (typically a hydedgnaterial) is attached to a periphery of
the rigid optical element, and the rigid opticareknt may also add energy and
functionality to the resulting ophthalmic lens.

Referring to Figure 2A, at 200 a top down and FegeiB at 250 a cross sectional
depiction of an example of a variable aperturerinseshown. In this depiction, an energy
source 210 is shown in a periphery portion 21hefuariable aperture insert 200. The
energy source 210 may include, for example, aftlmm rechargeable lithium ion battery
or an alkaline cell based battery. The energy R1® may be connected to interconnect
features 214 to allow for interconnection. Additsmterconnects at 225 and 230 for
example may connect the energy source 210 to aitcgech as electronic circuit 205. In
other examples, an insert may have interconneturiesadeposited on its surface.

In some examples, the variable aperture insernzé@include a flexible

substrate. This flexible substrate may be forméal anshape approximating a typical lens
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form in a similar manner previously discussed oother means. However to add
additional flexibility, the variable aperture ins00 may include additional shape
features such as radial cuts along its length. & heay be multiple electronic components
such as that indicated by 205 such as integratedits, discrete components, passive
components, LEDs and such devices that may alsachealed. In some examples the
bulk of the batteries and electrical components beincluded in an encapsulated sub-
unit which may be called an “e-ring”.

A variable aperture portion 220 with an apertur# R2also illustrated. The
variable aperture portion 220 may be varied on candrthrough the application of a
current through the variable aperture insert winicturn may typically vary an electric
field established across the device. In some exasnfite variable aperture portion 220
comprises a thin layer comprising liquid crystaivieen two layers of transparent
substrate. There may be numerous manners of ebtractivating and controlling the
variable aperture component, typically throughactf the electronic circuit 205. The
electronic circuit, 205 may receive signals in gag manners and may also connect to
sensing elements which may also be in the inseh as item 215. In some examples, the
variable aperture insert may be encapsulated ifgasaskirt 255, which may be
comprised of hydrogel material or other suitabléamal to form an ophthalmic lens. In
these examples the ophthalmic lens may be compoisibe lens skirt 255 and an
encapsulated variable aperture insert 200 whichitealf comprise layers or regions of
liquid crystal material or comprising liquid cryktaaterial and in some examples the
layers may comprise polymer networked regions tfrstitially located liquid crystal
material.

Referring to Fig. 3, an ophthalmic lens 360 is shavith an embedded variable
aperture insert 371. The ophthalmic lens 360 mas laafront curve surface 370 and a
back curve surface 372. The variable aperturetii3sdr may have a variable aperture
portion 373 with an aperture 374. Portions of thgable aperture insert 371 may overlap
with the optical zone of the ophthalmic lens 360.

10
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A VARIABLE APERTURE INSERT

A variable aperture insert may have a portiortobody in the optic zone which
can be switched from being opaque to being traespa¥hen the region is switched to
being opaque, light rays from the image are blockddrger angles from the image. By
closing down the size of the portion of the leret tllows light to pass through, the depth
of focus for the lens device is increased. Thusrage will appear clearer, albeit with
less intensity due to the blocked incident lighteTris of a living organism’s eye acts in a
similar manner to control the amount of light thats to the retina. When a living
organism focuses on an object for detail, it maysegthe iris to contract the opening that
light proceeds through. The principal also workdems such as camera lenses where a
physical equivalent of the iris can be mechanicatljusted to alter the depth of focus
versus the speed of exposure.

Referring to Fig 4. an exemplary depiction of #ffect of aperture adjustment on
image clarity. A lens 400 may include surface feagwhich create an opaque mask 410
over a portion of the lens 400 that may typicathynprise a portion of the optic zone
creating an aperture 405. An image 420, may protteedgh the lens 400 and due to the
improvement of depth of field of the reduced apesthave a clear image 430. Whereas,
when the aperture 405 is expanded by switchingplagiue mask 410 to transparent, the
resulting image may be less clear 440.

Static implementations of smaller aperture lensesiding some examples
contact lenses, have been made in the state aftla@d give the user an improved ability
to focus on detailed images such as text or swsfacelose up location. However, when a
user does not need the improved clarity, such anhwdoking at long distance imagery,
the lens with smaller aperture can yield dissatigfyesults, where the image can have
aspects of “tunnel” vision as well as the reducgdnsity of images with smaller aperture.

Empirical studies with contact lenses equippedth sigtic, reduced apertures may
show improved image clarity under various lightoanditions. The studies also may
show other factors of importance relating to thpriovements that are possible with
reduced aperture such as qualitative impressi@atsagrertures on a human subject’s eye

surface afford best clarity when they are sizeavbeh approximately 1 mm and 2 mm in
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diameter. Furthermore, it may also be qualitatiadgessed that the level of opaqueness
of the mask that defines the aperture is also itapbto its function wherein leakage of
light through the mask may very rapidly reduceithprovement in clarity. Fortunately, it
may be quite possible to achieve improvements maiimized effectives with numerous
types of controllable, electroactive systems thairove the state of the art by allow the
user to switch between operating modes of decregzediure with improved clarity and
increased aperture with improved light levels aadgheral content.

Referring to Figures 5A-5E, examples of differgmtes of aperture systems are
illustrated. In Figure 5A, a circular type apertigdlustrated. In Figure 5B, a slit type
aperture where the slit is aligned with the vettptane is illustrated. In Figure 5C, a slit
type aperture where the slit is aligned with thezamtal plane is illustrated. In Figure 5D
a square shaped aperture aligned on the horizolata is illustrated. In Figure 5E an
exemplary composite aperture lens, where diffetygds and numbers of apertures may
be located in the same lens is illustrated. Theag be many other types and shapes of
apertures which may be imaged on various lens desig some examples, the apertures
may be centered on a lens, in other examples tlagytm off-center. In other examples
they may be programmed into various shapes wheaophgue region of the lens can be
controlled by software and can therefore be prognabie. The size and shape of the
aperture may be dynamic changing in time undeouarcontrols, as describe in
following sections.

In some examples, the lens may be equipped witkosgthat may sense the
location of the lens on a user’s eye surface. EBmsiag may be done in numerous
manners, but in a non-limiting example a light seumay be located at multiple locations
close to the border between the iris of a userthadclera, which may be the white part
of the eye. Light may reflect from the two diffeteagions differently and a light sensor
capable of sensing different levels of reflectioaynbe used to assess the centration of the
lens. The light sensor, in a non-limiting exampiay be a film such as CdS whose
resistance may be sensitive to photon flux. By meag resistivity at numerous locations
along a device at the periphery of the lens, tigead the sclera and iris may be

determined. With a number of such sensing systémie geriphery of the lens, a
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controller may be able to calculate with a numéradgorithm whether the lens is located
on the center of the user’s eye.

In some examples, the controller may utilize thewdated centration of the lens
on the eye to adjust the location of the aperflinerefore, as the user utilizes the lens and
moves, blinks or otherwise influences the locabbthe lens, the aperture of select
examples can be moved in space to maintain a setered location. In other examples,
a similar sensing system may be used to locatedfe of the iris and the pupil. In some
examples a lens system may adjust the size ofpeaie both in the middle of the
designed aperture and also on the outside eddesthe user’s iris may be seen through
transparent regions. Referring to Figure 6A, am®la where the outside edge of the
masking pattern is made transparent up to the etddye iris is illustrated. When this
adjustment is made it may be possible to adjusbkbeking layer in concert with the
user’s pupil size as it naturally varies. An apext610 may be formed by making the
region transparent. In some examples, the apedtilfenay be a region of the lens that is
devoid of material that can block light in eitheritthed form. In following sections
different types of apertures will be discussed. ifise600 of the user is illustrated. The
edge between the Iris 600 and the blocking maskné2pbe adjusted to allow the natural
iris pattern to be visible through the blocking k&syer. A lens skirt 630 is illustrated
with a first alignment mark 640 and a second aligntmark 645.

In some examples, the blocking mask layer may bradd from liquid crystal
layers. In some examples, the liquid crystal layay be aligned as a nematic twist as is
typical in LC displays with polarizing layers an@&rode layers so that individual pixels
may be established across the lens surface. Ttle gitéiquid crystal electrodes and
polarization filters allow for a pixel to be madarisparent or opaque depending on the
application of field to the electrodes correspogdimpixel elements of the lens. A
controller can apply electrical potential to a plity of pixels across the lens surface so
that an aperture in the middle of a blocking maslet may be formed. In some example,
the liquid crystal element may be configured intustable configuration, so that the
application of a signal voltage can flip the pik®im transparent to opaque or from

opaque to transparent without requiring the sigoéihge to be maintained over time.
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In some other examples the blocking layer may bméd by a layer of liquid
crystal polymer liquid crystal where individual bales of liquid crystal material within a
polymerized matrix can be aligned such that thexnaf refraction within the bubbles
matches that of the polymer region. In this casebilibbles may be transparent to light
passing through the layer. When the electrodebiased, the liquid crystal molecules
within the bubbles can be aligned such that thexraf refraction felt by light traversing
the bubble is different than the polymer layerti#e interface of the bubble and the
polymer layer, the difference in index of refraatican cause an appreciable amount of
scattering of light. The lens layer can be madejapay the application of potential
across the electrodes. In pixels where no voltag@plied, the light may proceed through
the lens in the aperture formed in this manner.

In some examples, the light blocking element mafobmed of layers comprising
photochromic materials. In some examples, irradigéi photochromic dye at a particular
wavelength converts that absorbance of the dyagihg it from transparent to opaque
for example. Referring to Figure 6B, illustratioh06shows a photochromic dye which is
transparent to visible light. An “e-ring” 651 magrdrol photodiodes 652 to either be
shining light or not shining light depending on tieure of the type of photochromic dye.
The resulting light blocking element 653 may therttansparent to light and the aperture
may be referred to as “open”. In some exampleptiodochromic dye may be sensitive to
reasonably narrow bands of irradiation. In somergtas, the narrow bands of radiation
may be present in the infra-red region of the spettin some examples, different
regions may be formed with different photochromyesl such as for example different
concentric annular regions. In these examples pargcular photodiode 652 may be
different from another in terms of the frequencwndaf photons that are emitted. The size
of the aperture may be variable when different wengths are used. In some example,
the output of the photodiode may be coupled ta lggbes or other light scattering devices
that can spread out the light into the region efgghotochromic dye.

Referring to Figure 6C, the opposite state is tthted where the photochromic
dye has become transparent. In illustration 656 oghposite state of the photodiodes is
programmed. Under this condition, the photochrotiye may become opaque 655. The

14
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photochromic dye may only be located outside tigeoreof the aperture 657. There may
be numerous manners of configuring a lens for aqatwomic dye based aperture. In a
non-limiting example, a process to create a lesgdan a photochromic dye based
aperture may start with dispensing a small amotiatamntact lens based monomer, such
as a hydrogel, which is clear from the presengghotochromic dye. The small deposit
can be processed to form the small gelled cenpettare region of the lens. Next a region
of monomer including photochromic dye may be agpéisound the central aperture
region. It too may be gelled at least partiallyxNie e-ring device may be added around
to the growing lens body. In these types of exas)lee e-ring device may be a
completed device that is completely hermeticalblesg which just emits light from its
body that activates the photochromic dye or regadrdifferent photochromic dye. The
resulting structure may be encapsulated with adgalrregion to complete the lens.
Referring to Figure 6D, illustration 657 the reggtlens is illustrated in cross section
with various layers and components enumeratedriétare cross sections 658 and 659
are illustrated in Figure 6E and Figure 6F respebtiwhich also enumerate the layer and
device options.

In some examples, the light blocking layer may laelenfrom electrochromic
material. In these examples, transparent electnod@gsbe aligned across the top and
bottom of the electrochromic layer. Applicationeofield across the electrochromic layer
may modulate the transmittance of the layer. Sateetrochromic layers do not conduct a
significant amount of current, in some examplemaly be possible to bias the layer with
finger structures where thin metal finger layersimm between each other. Referring to
Figure 6G an exemplary illustration of interdiggdtmetal finger electrodes may be
found. For the same reason, due to the low cuo@méumption of electrochromic layers,
it may be possible to bias or energize them albegtiges of regions of the
electrochromic layer.

In still further examples, the central aperturéhaf lens device may be formed
with the absence of all materials except for theérbgel skirt material. Referring to Figure
6H an exemplary cross section 671 with exemplaegi§igation values is illustrated
showing a central hole region 672. Neighboringdéetral hole region 672 is a variable

15
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aperture region 673. The variable aperture regtshrbay be any of the previously
discussed light blocking device types, for exampbtuding liquid crystal,
photochromics, electrochromics and the like. Thagiewith a central hole region 672
may have numerous other advantages, includinghonaimiting perspective the ability
for oxygen to permeate the central hole regiont®ffzogel layer abundantly. This will
tend to keep the level of oxygen at the eye surdmcker the contact lens device at
relatively high levels. Furthermore, there may deamtages related to the overall
thickness of the resulting lens. In some examjilesause only hydrogel is found in the
central hole region 672, the transmittance of liglaty be significantly enhanced relative
to other designs.

In some other examples, there may be other typdswtes which may be useful
to create electroactive transmittance modulatiggpres. For example, a liquid meniscus
approach based on small pixels comprising one @illasr aqueous phase having a light
blocking dye. An electrical signal may spread tiieddfluid across the pixel turning off its
transmittance.

In some other examples, a liquid meniscus typeriegg be configure having
chambers into which a dyed or undyed componentlmayoved based on biasing of the
chamber electrodes.

In some examples, the type of devices that opéraa organic LED (OLED)
display may be useful to configure a light blocknegion.

In some examples the light blocking region maydrentd of films that have
electromagnetic or magnetic based opacity to fdreets or pixelated regions of
individually control opacity.

There may be numerous types of sensors that mdgdiable to incorporate into
the aperture lens type. For example numerous typesnsor may monitor and measure
the degree of centration of the lens based on fefléction detection based on resistance,
capacitance, or transistor based transconductémeeme other examples, photodiodes
equipped with filters consistent with the colottioé iris of the individual may be useful.

Other sensors may include convergence sensors warchssess the nature of the

direction of focus of the lenses. In some exampbed may be electrical motor sensors
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that may sense the degree to which nerves and esuscthe eye of the user are
electrically active. Such sensing may be useddgér a change in the variable aperture
setting for example.

There may be numerous uses for a variable apertumtact lens including in non-
limiting sense. The lenses may support participemngports activities. The lenses may
support workers of various kinds where close up$aend long term vision is necessary.
Various types of manufacturing and assembly jobg bb@aassisted with a variable
aperture contact lens that can help with claritfootised detail.

Transparent electrodes of high transmittance qualddy be very desirable. In
some examples, transparent electrodes may be faf&® (Indium Tin Oxide).
Sacrificial substrates made of such materialsle®simay be used to shape and form an
ITO electrode or array of micro electrodes mad& af. The ITO may be processed at
high temperatures such as approximately 400C amgeabnditions. Such processing may
result in very transparent high quality high cortduty electrodes. The resulting electrode
surface may then be transferred to an opticallysisbent substrate. and the support silicon
or similar material may then be etched away todyaehigh quality optical piece with
imaged or pixelated electrode pieces.

Lenses configure to have a plurality of aperturey tre formed where the
individual holes support high depth of field whes¢lae plurality of features may
minimize tunnel vision effects and lower intensfiects.

In some examples, the light blocking region maydefigured of electroactive
physical apertures. In some examples, the elediveguhysical aperture may operate in a
similar manner to living organism’s iris operation.a non-limiting example,
electroactive elastomeric materials may create mewve of elastomeric light blocking
materials which may be stretched into large apestor shrunk to small apertures. Other
electroactive actuators such as electroactiverrtbactive memory metals may be used to
active a physical aperture lens. Piezoelectricsttaners may also provide actuation for

movement, stressing or pressurization.
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MATERIALS

Microinjection molding examples may include, foraexple, a poly (4-methylpent-
1-ene) copolymer resin are used to form lenses avittameter of between about 6mm to
10mm and a front surface radius of between aboaméand 10 mm and a rear surface
radius of between about 6 mm and 10 mm and a cémténess of between about 0.050
mm and 1.0 mm. Some examples include an insertdigtimeter of about 8.9 mm and a
front surface radius of about 7.9 mm and a redasaradius of about 7.8 mm and a
center thickness of about 0.200 mm and an edgkntass of about 0.050 mm.

The variable aperture insert 104 illustrated inuFégl may be placed in a mold
part utilized to form an ophthalmic lens. The miallesf mold parts may include, for
example, a polyolefin of one or more of: polypragg, polystyrene, polyethylene,
polymethyl methacrylate, and modified polyolefi@¢her molds may include a ceramic or
metallic material.

A preferred alicyclic co-polymer contains two diéat alicyclic polymers.

Various grades of alicyclic co-polymers may hawsgltransition temperatures ranging
from 105C to 160C.

In some examples, the molds of the present invemtiay contain polymers such
as polypropylene, polyethylene, polystyrene, polymemethacrylate, modified
polyolefins containing an alicyclic moiety in theam chain and cyclic polyolefins. This
blend may be used on either or both mold halvegravht is preferred that this blend is
used on the back curve and the front curve consigtee alicyclic co-polymers.

In some preferred methods of making molds accorttirte present invention,
injection molding is utilized according to knowrckamiques, however, examples may also
include molds fashioned by other techniques inclgdior example: lathing, diamond
turning, forming, or laser cutting.

Typically, lenses are formed on at least one saréddoth mold parts; back curve
mold 101 and front curve mold 102. However, in s@xamples, one surface of a lens
may be formed from a mold part and another surdéeelens may be formed using a

lathing method, or other methods.
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In some examples, a preferred lens material insladslicone containing
component. A “silicone-containing component” is ¢hat contains at least one [-Si-O-]
unit in a monomer, macromer or prepolymer. Prelgrdbe total Si and attached O are
present in the silicone-containing component imarount greater than about 20 weight
percent, and more preferably greater than 30 weigldent of the total molecular weight
of the silicone-containing component. Useful sifieecontaining components preferably
comprise polymerizable functional groups such aglate, methacrylate, acrylamide,
methacrylamide, vinyl, N-vinyl lactam, N-vinylamigand styryl functional groups.

In some examples, the ophthalmic lens skirt, addled an insert-encapsulating
layer, that surrounds the insert may be comprisetbhmdard hydrogel ophthalmic lens
formulations. Exemplary materials with charactégsthat may provide an acceptable
match to numerous insert materials may includeNaw&filcon family (including
Narafilcon A and Narafilcon B), and the Etafilcanfily (including Etafilcon A). A more
technically inclusive discussion follows on theuratof materials consistent with the art
herein. One ordinarily skilled in the art may regizg that other material other than those
discussed may also form an acceptable enclosyrartal enclosure of the sealed and
encapsulated inserts and should be consideredstenisand included within the scope of
the claims.

Suitable silicone containing components includegounds of Formula |

R1 Rl R!?

| | |
R1-Si—0-SiHO-Si-R!?

R1| RY R

where

R! is independently selected from monovalent readizeps, monovalent alkyl
groups, or monovalent aryl groups, any of the foneg which may further comprise
functionality selected from hydroxy, amino, oxarhzay, alkyl carboxy, alkoxy, amido,
carbamate, carbonate, halogen or combinationsdahered monovalent siloxane chains

comprising 1-100 Si-O repeat units which may furtt@mprise functionality selected
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from alkyl, hydroxy, amino, oxa, carboxy, alkyl baxy, alkoxy, amido, carbamate,
halogen or combinations thereof;

where b = 0 to 500, where it is understood thatmwihés other than O, b is a
distribution having a mode equal to a stated value;

wherein at least one'Romprises a monovalent reactive group, and in some
examples between one and Bd@mprise monovalent reactive groups.

As used herein “monovalent reactive groups” aceigs that may undergo free
radical and/or cationic polymerization. Non-limgjiexamples of free radical reactive
groups include (meth)acrylates, styryls, vinylsiwiethers, @salkyl(meth)acrylates,
(meth)acrylamides, Galkyl(meth)acrylamides, N-vinyllactams, N-vinylares
C..1alkenyls, G.izalkenylphenyls, €;1.alkenylnaphthyls, €salkenylphenylGsalkyls, O-
vinylcarbamates and O-vinylcarbonates. Non-limitaxgmples of cationic reactive
groups include vinyl ethers or epoxide groups andures thereof. In one embodiment
the free radical reactive groups comprises (metilgte, acryloxy, (meth)acrylamide, and
mixtures thereof.

Suitable monovalent alkyl and aryl groups includsubstituted monovalent @
Ciealkyl groups, G-C4 aryl groups, such as substituted and unsubstitaggtlyl, ethyl,
propyl, butyl, 2-hydroxypropyl, propoxypropyl, p&@thyleneoxypropyl, combinations
thereof and the like.

In one example, b is zero, oné iR a monovalent reactive group, and at least 3 R
are selected from monovalent alkyl groups having tonl6 carbon atoms, and in another
example from monovalent alkyl groups having oné tarbon atoms. Non-limiting
examples of silicone components of this embodimeitde 2-methyl-,2-hydroxy-3-[3-
[1,3,3,3-tetramethyl-1-[(trimethylsilyl)oxy]disilanyl]propoxy]propyl ester (“SIGMA”),
2-hydroxy-3-methacryloxypropyloxypropyl-tris (trirtigylsiloxy)silane,
3-methacryloxypropyltris(trimethylsiloxy)silane (RIS"),
3-methacryloxypropylbis(trimethylsiloxy)methylsilarand
3-methacryloxypropylpentamethyl disiloxane.

In another example, b is 2 to 20, 3 to 15 or ins@xamples 3 to 10; at least one

terminal R comprises a monovalent reactive group and theirémgeR" are selected
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from monovalent alkyl groups having 1 to 16 carbtems, and in another embodiment
from monovalent alkyl groups having 1 to 6 carbtonss. In yet another embodiment, b
is 3 to 15, one terminal’Romprises a monovalent reactive group, the otirerinal R
comprises a monovalent alkyl group having 1 torb@a atoms and the remaining R
comprise monovalent alkyl group having 1 to 3 carbtoms. Non-limiting examples of
silicone components of this embodiment include (@a@@+hydroxy-3-
methacryloxypropyl)-propyl ether terminated polyétmylsiloxane (400-1000 MW))
("OH-mPDMS"), monomethacryloxypropyl terminated roem-butyl terminated
polydimethylsiloxanes (800-1000 MW), (“mPDMS").

In another example, b is 5 to 400 or from 10 t6,3#th terminal Rcomprise
monovalent reactive groups and the remainihgr@ independently selected from
monovalent alkyl groups having 1 to 18 carbon atomtsch may have ether linkages
between carbon atoms and may further comprise balog

In one example, where a silicone hydrogel lenesrdd, the lens of the present
invention will be made from a reactive mixture comsmg at least about 20 and
preferably between about 20 and 70%wt siliconeaairtg components based on total
weight of reactive monomer components from whiahgblymer is made.

In another embodiment, one to four &®mprises a vinyl carbonate or carbamate
of the formula:

Formula Il

T i
HoC=C—(CHy)q-O-C—Y

wherein: Y denotes O-, S- or NH-;
R denotes, hydrogen or methyl; dis 1, 2, 3 omd @qis O or 1.

The silicone-containing vinyl carbonate or vingklsamate monomers specifically
include: 1,3-bis[4-(vinyloxycarbonyloxy)but-1-yllirmmethyl-disiloxane; 3-
(vinyloxycarbonylthio) propyl-[tris (trimethylsilo®silane]; 3-[tris(trimethylsiloxy)silyl]
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propyl allyl carbamate; 3-[tris(trimethylsiloxy)gl] propyl vinyl carbamate;

trimethylsilylethyl vinyl carbonate; trimethylsilyethyl vinyl carbonate, and

|C|> cis | oy | CH3 |C|J

H2C=|C_|I—OCO(CH3)4—Si—O Si @) Si—(CH2)4OCO—|C_|Z=CH2

CHs CHs CHs
= -125

Where biomedical devices with modulus below ab®@ &re desired, only one' R
shall comprise a monovalent reactive group and a@rthan two of the remaining'R
groups will comprise monovalent siloxane groups.

Another class of silicone-containing components$udes polyurethane macromers

of the following formulae:

Formulae IV-VI
(*D*A*D*G) ,*D*D*E *;
E(*D*G*D*A) . *D*G*D*E * or;
E(*D*A*D*G) , *D*A*D*E *

wherein:

D denotes an alkyl diradical, an alkyl cycloalkyladical, a cycloalkyl diradical,
an aryl diradical or an alkylaryl diradical haviidgo 30 carbon atoms,

G denotes an alkyl diradical, a cycloalkyl diradliea alkyl cycloalkyl diradical,
an aryl diradical or an alkylaryl diradical havithdgo 40 carbon atoms and which may
contain ether, thio or amine linkages in the méiai;

* denotes a urethane or ureido linkage;

ais at least 1;

A denotes a divalent polymeric radical of formula:
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—(CHa)y} SiOLSi—(CHp),—
llq‘H I'qﬂ

P

Formula VIl

R independently denotes an alkyl or fluoro-subsgitelkyl group having 1 to10 carbon
5 atoms, which may contain ether linkages betweeporaatoms; y is at least 1; and p
provides a moiety weight of 400 to 10,000; eack ahd E independently denotes a

polymerizable unsaturated organic radical represeby formula:

Formula VI

R12
RICH=C—(CHaw—(0x— @z~ (Ay—Rl4—
10
wherein: R? is hydrogen or methyl; Ris hydrogen, an alkyl radical having 1 to 6 carbon
atoms, or a —CO—Y—R radical wherein Y is —O—,Y—S— or —NH—;'Ris a
divalent radical having 1 to 12 carbon atoms; Xalesa —CO— or —OCO—; Z denotes
—O— or —NH—; Ar denotes an aromatic radical havenigp 30 carbon atoms; w is O to
15 6;xis0orl;yisOorl;andzisOorl.
A preferred silicone-containing component is a poéyhane macromer
represented by the following formula:

Formula IX

CHy CHg o) o IoI o CHy

Q Q Q Q Q [\ I I [ [
CH,= E:—E':omzc - o<":r|\1— R16— ryEOCHzmzocrazmzoi':t}n- Ri6- r;x":qcn@%s@) Si— (CHy)m OCN- Ry s~ NCOCH,CH,OCH, CH,OCN— R16— NCO— CH,CH,COOC=CH,
Ch, H H HOH | " Al | | | |

CHg CHg H H H H
a

20
wherein R®is a diradical of a diisocyanate after removahefisocyanate group, such as

the diradical of isophorone diisocyanate. Anothatable silicone containing macromer is
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compound of formula X (in which x + y is a numbettihe range of 10 to 30) formed by
the reaction of fluoroether, hydroxy-terminatedyglmethylsiloxane, isophorone

diisocyanate and isocyanatoethylmethacrylate.

Formula X

NH” > OCH,CF—(OCR),— (OCRCR,),— OCRCH,0

o —0

o
)ﬁ( e NHJLO/\/\(SiMeZO)ZE,SiMeg/\/\ o)L NH
[e) NH

Other silicone containing components suitable && in this invention include
macromers containing polysiloxane, polyalkylenesgtldiisocyanate, polyfluorinated
hydrocarbon, polyfluorinated ether and polysacaleagroups; polysiloxanes with a polar
fluorinated graft or side group having a hydrogemaattached to a terminal difluoro-
substituted carbon atom; hydrophilic siloxanyl naettylates containing ether and
siloxanyl linkanges and crosslinkable monomersaioirig polyether and polysiloxanyl
groups. Any of the foregoing polysiloxanes may dlsaised as the silicone containing

component in the present invention.
LIQUID CRYSTAL MATERIALS

There may be numerous materials that may havecteaistics consistent with the
liquid crystal layer types that have been discussdin. It may be expected that liquid
crystal materials with favorable toxicity may befarred and naturally derived
cholesteryl based liquid crystal materials may efui. In other examples, the
encapsulation technology and materials of ophtlaingerts may allow a broad choice of
materials that may include the LCD display relateterials which may typically be of

the broad categories related to nematic or chaiedteor smectic liquid crystals or liquid
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crystal mixtures. Commercially available mixturesls as Merck Specialty chemicals
Licristal mixtures for TN, VA, PSVA, IPS and FFSpigations and other commercially
available mixtures may form a material choice torf@ liquid crystal layer.

In a non-limiting sense, mixtures or formulationaynrcomprise the following
liquid crystal materials: 1-(trans-4-Hexylcycloh&-isothiocyanatobenzene liquid
crystal, benzoic acid compounds including (4-Oaylboic acid and 4-Hexylbenzoic
acid), carbonitrile compounds including (4'-Penrtylbiphenylcarbonitrile, 4'-Octyl-4-
biphenylcarbonitrile, 4'-(Octyloxy)-4-biphenylcarutrile, 4'-(Hexyloxy)-4-
biphenylcarbonitrile, 4-(trans-4-Pentylcyclohexyjzonitrile, 4'-(Pentyloxy)-4-
biphenylcarbonitrile, 4'-Hexyl-4-biphenylcarbonlig), and 4,4'-Azoxyanisole.

In a non-limiting sense, formulations showing pardarly high birefringence of
Npar - MNperp™> 0.3 at room temperature may be used as a layygtal layer forming
material. For example, such formulation referred2dV1825 may be as available from
AWAT and BEAM Engineering for Advanced Measuremebts (BEAMCO).

There may be other classes of liquid crystal malethat may be useful for the
inventive concepts here. For example, ferroeletitfidd crystals may provide function
for electric field oriented liquid crystal examplésit may also introduce other effects
such as magnetic field interactions. Interactidnslectromagnetic radiation with the

materials may also differ.

ALIGNMENT LAYER MATERIALS:

In many of the examples that have been descrthediquid crystal layers within
ophthalmic lenses may need to be aligned in vamoasners at insert boundaries. The
alignment, for example, may be parallel or perpemdr to the boundaries of the inserts,
and this alignment may be obtained by proper pgiogsf the various surfaces. The
processing may involve coating the substratesefriberts that contain the liquid crystal
(LC) by alignment layers. Those alignment layeesaescribed herein.

A technique commonly practiced in liquid crystakbd devices of various types
may be the rubbing technique. This technique magdagpted to account for the curved

surfaces such as the ones of the insert piecedarsedclosing the liquid crystal. In an
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example, the surfaces may be coated by a Poly®ileghol (PVA) layer. For example, a
PVA layer may be spin coated using a 1 weight pgragueous solution. The solution
may be applied with spin coating at 1000 rpm foretisuch as approximately 60 s, and
then dried. Subsequently, the dried layer may treerubbed by a soft cloth. In a non-
limiting example, the soft cloth may be velvet.

Photo-alignment may be another technique for prindualignment layers upon
liquid crystal enclosures. In some examples, pladigirment may be desirable due to its
non-contact nature and the capability of largeestabrication. In a non-limiting example,
the photo-alignment layer used in the liquid criystaiable aperture portion may be
comprised of a dichroic azobenzene dye (azo dyslta of aligning predominantly in
the direction perpendicular to the polarizatiotiméar polarized light of typically UV
wavelengths. Such alignment may be a result oftitefgetrans-cis-trans
photoisomerization processes.

As an example, PAAD series azobenzene dyes magibeoated from a 1
weight percent solution in DMF at 3000 rpm for 3&absequently, the obtained layer
may be exposed to a linear polarized light beais OV wavelength (such as for example,
325 nm, 351 nm, 365 nm) or even a visible wavele@d0-500 nm). The source of the
light may take various forms. In some examplesitligay originate from laser sources for
example. Other light sources such as LEDs, halagénncandescent sources may be
other non-limiting examples. Either before or aftex various forms of light are polarized
in the various patterns as appropriate, the lighy e collimated in various manners such
as through the use of optical lensing devices. tLiighm a laser source may inherently
have a degree of collimation, for example.

A large variety of photoanisotropic materials an@wn currently, based on
azobenzene polymers, polyesthers, photo-crossli@keddymer liquid crystals with
mesogenic 4-(4-methoxycinnamoyloxy)biphenyl sideugis and the like. Examples of
such materials include sulfonic bisazodye SD1 ghdraazobenzene dyes, particularly,
PAAD-series materials available from BEAM Enginegrior Advanced Measurements
Co. (BEAMCO), Poly(vinyl cinnamates), and others.
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In some examples, it may be desirable to use wataicohol solutions of PAAD
series azo dyes. Some azobenzene dyes, for exdvigileyl Red, may be used for
photoalignment by directly doping a liquid crystyer. Exposure of the azobenzene dye
to a polarized light may cause diffusion and adiresif the azo dyes to and within the
bulk of the liquid crystal layer to the boundarydes creating desired alignment
conditions.

Azobenzene dyes such as Methyl Red may also ltkims®mbination with a
polymer, for example, PVA. Other photoanisotropitenials capable of enforcing
alignment of adjacent layers of liquid crystals nb@yacceptable are known currently.
These examples may include materials based on emesapolyesthers, photo-
crosslinkable polymer liquid crystals with mesogefi(4-methoxycinnamoyloxy) -
biphenyl side groups, poly(vinyl cinnamates), atitecs. The photo-alignment technology
may be advantageous for examples comprising patesrientation of liquid crystal.

In another example of producing alignment laydrs,alignment layer may be
obtained by vacuum deposition of silicon oxide (Sifthere 1<=X<=2) on the insert
piece substrates. For example, Sifay be deposited at low pressure such a€ #iffar.

It may be possible to provide alignment features ménoscaled size that are injection
molded into with the creation of the front and badert pieces. These molded features
may be coated in various manners with the matetalshave been mentioned or other
materials that may directly interact with physiahgnment features and transmit the
alignment patterning into alignment orientatiorigfiid crystal molecules.

lon-beam alignment may be another technique fodyeing alignment layers
upon liquid crystal enclosures. In some examplesllanated argon ion or focused
gallium ion beam may be bombarded upon the alighhager at a defined
angle/orientation. This type of alignment may ddsaused to align silicon oxide,
diamond-like-carbon (DLC), polyimide and other aligent materials.

Still further examples may relate to the creatibptyysical alignment features to
the insert pieces after they are formed. Rubbinprigues as are common in other Liquid
Crystal based art may be performed upon the madddces to create physical grooves.

The surfaces may also be subjected to a post-ngpéditbossing process to create small
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grooved features upon them. Still further exampiay derive from the use of etching

technigues which may involve optical patterninggesses of various kinds.

DIELECTRIC MATERIALS

Dielectric films and dielectrics are described erBy way of non-limiting
examples, the dielectric film or dielectrics usedhe liquid crystal variable aperture
portion possess characteristics appropriate tantrention described herein. A dielectric
may comprise one or more material layers functigrilone or together as a dielectric.
Multiple layers may be used to achieve dielectadgrmance superior to that of a single
dielectric.

The dielectric may permit a defect-free insulatismger at a thickness desired for
the discretely variable aperture portion, for exeEmnpetween 1 and 10 um. A defect may
be referred to as a pinhole, as is known by thk#led in the art to be a hole in the
dielectric permitting electrical and/or chemicahtact through the dielectric. The
dielectric, at a given thickness, may meet requénetsfor breakdown voltage, for
example, that the dielectric should withstand 16l@svor more.

The dielectric may allow for fabrication onto cudyeonical, spherical, and
complex three-dimensional surfaces (e.g., curveises or non-planar surfaces). Typical
methods of dip- and spin-coating may be used,lmranethods may be employed.

The dielectric may resist damage from chemicatbénvariable aperture portion,
for example the liquid crystal or liquid crystalxtire, solvents, acids, and bases or other
materials that may be present in the formatiorhefliquid crystal region. The dielectric
may resist damage from infrared, ultraviolet, aigible light. Undesirable damage may
include degradation to parameters described hdmiexample, breakdown voltage and
optical transmission. The dielectric may resistypeation of ions. The dielectric may
prevent electromigration, dendrite growth, and ottegradations of the underlying
electrodes. The dielectric may adhere to an uniseylglectrode and/or substrate, for
example, with the use of an adhesion promotionrlaiee dielectric may be fabricated
using a process which allows for low contaminatiom; surface defects, conformal

coating, and low surface roughness.
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The dielectric may possess relative permittivityaatielectric constant which is
compatible with electrical operation of the systéon,example, a low relative permittivity
to reduce capacitance for a given electrode afeadielectric may possess high
resistivity, thereby permitting a very small currémflow even with high applied voltage.
The dielectric may possess qualities desired fayic device, for example, high
transmission, low dispersion, and refractive inddtkin a certain range.

Example, non-limiting, dielectric materials, inceidne or more of Parylene-C, Parylene-
HT, Silicon Dioxide, Silicon Nitride, and Teflon AF

ELECTRODE MATERIALS

Electrodes are described herein for applying actetepotential for achieving an
electric field across the liquid crystal region. Alectrode generally comprises one or
more material layers functioning alone or togetigean electrode.

The electrode may adhere to an underlying substiakectric coating, or other
objects in the system, perhaps with the use otlaesion promoter (e.g.,
methacryloxypropyltrimethoxysilane). The electraday form a beneficial native oxide
or be processed to create a beneficial oxide |ayer.electrode may be transparent,
substantially transparent or opaque, with highagptiransmission and little reflection.
The electrode may be patterned or etched with knan@oessing methods. For example,
the electrodes may be evaporated, sputtered, draghated, using photolithographic
patterning and/or lift-off processes.

The electrode may be designed to have suitablstingsi for use in the electrical
system described herein, for example, meetingaheirements for resistance in a given
geometric construct.

The electrodes may be manufactured from one or wiarelium tin oxide (ITO),
aluminum-doped zinc oxide (AZO), gold, stainlesestchrome, graphene, graphene-
doped layers and aluminum. It will be appreciateat this is not an exhaustive list.

The electrodes may be used to establish an eléielidcn a region between the

electrodes. In some examples, there may be numswizes upon which electrodes
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may be formed. It may be possible to place eleesah any or all of the surfaces that are
defined, and an electric field may be establisinetthe region between any of the surfaces
upon which electrodes have been formed by appbicaif electric potential to at least

those two surfaces.

PROCESSES

The following method steps are provided as examui@socesses that may be
implemented according to some aspects of the pr@semtion. It should be understood
that the order in which the method steps are ptedas not meant to be limiting and other
orders may be used to implement the inventiondthtan, not all of the steps are
required to implement the present invention andtexidl steps may be included in
various examples of the present invention. It maybvious to one skilled in the art that
additional examples may be practical, and such oagstiare well within the scope of the
claims.

Referring to Figure 7, a flowchart illustrates exgany steps that may be used to
implement the present invention. At 701, forminiyst substrate layer which may
comprise a back curve surface and have a top suwidh a shape of a first type that may
differ from the shape of surface of other substi@ers. In some examples, the difference
may include a different radius of curvature of sueface at least in a portion that may
reside in the optical zone. At 702, forming a setsubstrate layer which may comprise a
front curve surface or an intermediate surface pordon of an intermediate surface for
more complicated devices. At 703, an electroderlaey be deposited upon the first
substrate layer. The deposition may occur, for @tanby vapor deposition or
electroplating. In some examples, the first sulbsti@yer may be part of an insert that has
regions both in the optical zone and regions imibtre-optic zone. The electrode
deposition process may simultaneously define iotanect features in some embodiments.
In some examples a dielectric layer may be formmzhuhe interconnects or electrodes.
The dielectric layer may comprise numerous insagpsind dielectric layers such as for

example silicon dioxide.
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At 704, the first substrate layer may be furthergeissed to add an alignment layer
upon the previously deposited dielectric or eletgrtayer. The alignment layers may be
deposited upon the top layer on the substratel@mgrocessed in standard manners, for
example, rubbing techniques, to create the grookaatures that are characteristic of
standard alignment layers or by treatment with eyp®to energetic particles or light.
Thin layers of photoanisotropic materials may becpssed with light exposure to form
alignment layers with various characteristics. Amntioned previously, in methods to
form layers of liquid crystal wherein polymer netked regions of interstitially located
liquid crystal are formed, the methods may notudel steps related to the formation of
alignment layers.

At 705, the second substrate layer may be furthergssed. An electrode layer
may be deposited upon the second substrate lager amalogous fashion to step 703.
Then in some examples, at 706, a dielectric laysey be applied upon the second
substrate layer upon the electrode layer. The cirgtdayer may be formed to have a
variable thickness across its surface. As an exaynipe dielectric layer may be molded
upon the first substrate layer. Alternatively, apously formed dielectric layer may be
adhered upon the electrode surface of the secdrgdrate piece.

At 707, an alignment layer may be formed upon #re®sd substrate layer in
similar fashion to the processing step at 704.rAf@&/, two separate substrate layers that
may form at least a portion of an ophthalmic lersert may be ready to be joined. In
some examples at 708, the two pieces will be brougtlose proximity to each other and
then liquid crystal material may be filled in betwethe pieces. There may be numerous
manners to fill the liquid crystal in between theges including as non-limiting examples,
vacuum based filling where the cavity is evacuated liquid crystal material is
subsequently allowed to flow into the evacuatedephln addition, the capillary forces
that are present in the space between the lend pisees may aid in the filling of the
space with liquid crystal material. At 709, the tpieces may be brought adjacent to each
other and then sealed to form a variable aperteraent with liquid crystal. There may be

numerous manners of sealing the pieces togethleding the use of adhesives, sealants,
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and physical sealing components such as o-ringsayul lock features as non-limiting
examples.

In some examples, two pieces of the type formétDatmay be created by
repeating method steps 701 to 709 wherein therakgm layers are offset from each other
to allow for a lens that may adjust the focal poafenon-polarized light. In such
examples, the two variable aperture layers mayob#med to form a single variable
aperture insert. At 710, the variable apertureipomnay be connected to the energy
source and intermediate or attached componentdmalaced thereon.

At 711, the variable aperture insert resultingtep ¥10 may be placed within a
mold part. The variable aperture insert may or matyalso comprise one or more
components. In some preferred examples, the varggi#rture insert is placed in the mold
part via mechanical placement. Mechanical placemmaytinclude, for example, a robot
or other automation, such as that known in thestrguo place surface-mount
components. Human placement of a variable apeirisegt is also within the scope of the
present invention. Accordingly, any mechanical ptaent or automation may be utilized
which is effective to place a variable aperturerhgith an energy source within a cast
mold part such that the polymerization of a reactiixture contained by the mold part
will include the variable aperture in a resultaphthalmic lens.

In some examples, a variable aperture insert matadmed in a mold part attached
to a substrate. An energy source and one or monp@eents may also be attached to the
substrate and may be in electrical communicatidh thie variable aperture insert.
Components may include for example, circuitry tatocol power applied to the variable
aperture insert. Accordingly, in some examplesrapgmnent includes control mechanism
for actuating the variable aperture insert to cleamge or more optical characteristics,
such as, for example, a change of state betweiest aftical power and a second optical
power.

In some examples, a processor device, microeleettbamical system (MEMS),
nanoelectromechanical system (NEMS) or other compomay also be placed into the
variable aperture insert and in electrical contati the energy source. At 712, a reactive

monomer mixture may be deposited into a mold per?.13, the variable aperture insert
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may be positioned into contact with the reactiv&tore. In some examples the order of
placement of variable aperture and depositing afonter mixture may be reversed. At
714, the first mold part is placed proximate te@eosd mold part to form a lens-forming
cavity with at least some of the reactive monomisttume and the variable aperture insert
in the cavity. As discussed above, preferred exasjpiclude an energy source and one or
more components also within the cavity and in elegtcommunication with the variable
aperture insert.

At 715, the reactive monomer mixture within theitais polymerized.
Polymerization may be accomplished, for exampla exiposure to one or both of actinic
radiation and heat. At 716, the ophthalmic lenemoved from the mold parts with the
variable aperture insert adhered to or encapsuleitéch the insert-encapsulating
polymerized material making up the ophthalmic lens.

Although the invention herein may be used to previdrd or soft contact lenses
made of any known lens material, or material slgtéx manufacturing such lenses,
preferably, the lenses of the invention are sofitact lenses having water contents of
about 0 to about 90 percent. More preferably, éimsés are made of monomers containing
hydroxy groups, carboxyl groups, or both or be maole silicone-containing polymers,
such as siloxanes, hydrogels, silicone hydrogeld,cembinations thereof. Material
useful for forming the lenses of the invention nb@ymade by reacting blends of
macromers, monomers, and combinations thereof alathgadditives such as
polymerization initiators. Suitable materials irsdy without limitation, silicone hydrogels
made from silicone macromers and hydrophilic morsme

Furthermore, while examples have been made foaicesphthalmic based lenses,
it should be understand that various types of iedsiding lenses for spectacles, lenses for
cameras, lenses for medical devices, and lensepfmal applications may be formed in
analogous fashion or with similar design aspectsaag been described herein.
APPARATUS

Referring now to Figure 8, automated apparatusi8illustrated with one or more
transfer interfaces 811. Multiple mold parts, eatth an associated variable aperture

insert 814 are contained on a pallet 813 and ptedea transfer interfaces 811.
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Examples, may include, for example a single intarfiadividually placing variable
aperture insert 814, or multiple interfaces (navsi) simultaneously placing variable
aperture inserts 814 into the multiple mold paats] in some examples, in each mold part.
Placement may occur via vertical movement 815 etthnsfer interfaces 811.

Another aspect of some examples of the presenniioreincludes apparatus to
support the variable aperture insert 814 whilebtbey of the ophthalmic lens is molded
around these components. In some examples thédledperture insert 814 and an
energy source may be affixed to holding points iers mold (not illustrated). The
holding points may be affixed with polymerized miatkof the same type that will be
formed into the lens body. Other examples inclutieyar of prepolymer within the mold

part onto which the variable aperture inserts 8idlan energy source may be affixed.

PROCESSORS INCLUDED IN INSERT DEVICES

Referring now to Figure 9, a controller 900 isstated that may be used in some
examples of the present invention. The control(#) @cludes a processor 910, which
may include one or more processor components cowpla communication device 920.
In some examples, a controller 900 may be usedtsmit energy to the energy source
placed in the ophthalmic lens.

The controller may include one or more processmgpled to a communication
device configured to communicate energy via a comaation channel. The
communication device may be used to electroniaahtrol one or more of the placement
of a variable aperture insert into the ophthalraitsl or the transfer of a command to
operate a variable aperture device.

The communication device 920 may also be usedrtoramicate, for example,
with one or more controller apparatus or manufactuequipment components.

The processor 910 is also in communication wittbeage device 930. The storage
device 930 may comprise any appropriate informagtonage device, including
combinations of magnetic storage deviceg.( magnetic tape and hard disk drives),
optical storage devices, and/or semiconductor mgmevices such as Random Access
Memory (RAM) devices and Read Only Memory (ROM) ides.
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The storage device 930 may store a program 94€ofurolling the processor 910.
The processor 910 performs instructions of the rmg240, and thereby operates in
accordance with the present invention. For exantpéeprocessor 910 may receive
information descriptive of variable aperture inggeacement, processing device
placement, and the like. The storage device 930atsaystore ophthalmic related data in
one or more databases 950, 960. The database 89B@may include specific control
logic for controlling energy to and from a varialleerture lens.

In this description, reference has been made toeiés illustrated in the figures.
Many of the elements are depicted for referenaefuct the examples of the inventive art
for understanding. The relative scale of actuaiuiess may be significantly different from
that as depicted, and variation from the depicétative scales should be assumed within
the spirit of the art herein. For example, liquigistal molecules may be of a scale to be
impossibly small to depict against the scale oéihpieces. The depiction of features that
represent liquid crystal molecules at a similatesta insert pieces to allow for
representation of factors such as the alignmettieomolecules is therefore such an
example of a depicted scale that in actual exampbasassume much different relative
scale.

Although shown and described in what is believededhe most practical and
preferred examples, it is apparent that deparfuoes specific designs and methods
described and shown will suggest themselves teethkidled in the art and may be used
without departing from the spirit and scope of itheention. The present invention is not
restricted to the particular constructions descri@ed illustrated, but should be
constructed to cohere with all modifications thaynfiall within the scope of the appended

claims.

35



WHAT IS CLAIMED IS:

2.

A contact lens device with a variable apertureringesitioned within at least a
portion of an optical zone of the contact lens deywherein the variable aperture
insert comprises:

a curved front optic piece and a curved intermedugtic piece, wherein
the back surface of the front optic piece and tbatfsurface of the intermediate
optic piece are configured to bound at least aqouf a first chamber;

a curved back optic piece and a curved intermedigtie piece, wherein
the front surface of the back optic piece and thekisurface of the intermediate
optic piece are configured to bound at least agoaf a second chamber;

an energy source embedded in the variable apernsee in at least a
region comprising a non-optical zone;

a layer containing liquid crystal material positgaiwithin the first
chamber, wherein the layer includes regions ofidigquystal material; and
wherein the variable aperture insert adjusts aldeptield of the contact lens
device.

A lens device comprising:

an electroactive light blocking element, wherdia électroactive light
blocking element is configured to allow for thewtiment of the transmittance with
the application of an electrical signal;

a lens body comprising the electroactive lightkliog element;

an energization element;

a controller, wherein the controller controls glectroactive light blocking

element to form an aperture approximately 1 mmae.s
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