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(57) Abstract: The present application relates gener-
ally to an ophthalmic device, e.g. a contact lens (100)
or intraocular lens, capable of monitoring neural fre-
quencies and correlating the measured frequencies
them to specific brain activity/functions. In some em-
bodiments, profiles specific to the user of the ophthal-
mic device can be pre-programmed to tailor a brain
activity/function profiles according to a user. Based on
the determined brain activity/function from the correla-
tion, a signal may be generated to provide feedback
(440) to the user. The signal may be transmitted to the
user in one or more form. For example, the signal may
be outputted to a wireless device in wireless commu-
nication with the ophthalmic device, and/or through an
audible signal projected by an acoustic element, and/or
a visual signal projected using a photon emitter, both
which may be included in the ophthalmic device
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OPHTHALMIC LENS WITH A NEURAL FREQUENCY DETECTION SYSTEM

FIELD OF THE INVENTION
{6081} This invention describes an cnergized Ophthalmic Device with a neural frequency
detection system, and more specifically, the neural frequency detection system forming part of
the Ophthalmic Device and being configured to correlate measured frequencies to recognized

pre-determined frequency patterns associated with a brain function and/or activity.

BACKGROUND OF THE INVENTION

[8602] Traditionally, an ophthalmic device, such as a contact lens, an intraocular lens, or
a punctal plug, incladed a biscompatible device with a corrective, cosmetic, or therapeutic
quality. A contact lens, for example, may provide one or more of vision cotrecting functionality,
cosmetic enhancement, and therapeutic effects.  Each function is provided by a physical
characteristic of the lens. A design incorporating a refractive quality into a lons may provide a
vision corrective function. A pigment incorporated into the lens may provide a cosmetic
enhancement. An active agent incorporated into a lens may provide a therapeutic functionality.
Such physical characteristics arc accomplished without the lens cntering into an encrgized state.
An ophthalmic device has traditionally been a passive device.

{80031 Novel ophthalmic devices based on cnergized ophthalmic inserts have recently
been described.  These devices may usc the energization function to power active optical
components. For ecxample, a wearable lens may incorporate a lens asserobly having an

electronically adjustable focus to augment or enhance performance of the eye.
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[8084] Moreover, as clectronic devices continue to be developed and mimaturized, it is
becoming increasingly more likely to create wearable or embeddable microelectronic devices for
a variety of uses. For example, in one unrelated ficld, the study of brain activity through
frequency analysis has been rapidly growing., Typically in these studics rescarchers place
clectrodes on the scalp and measure brainwaves that are produced by neurons. The measured
brainwaves are used to identify patterns and correlate them to specific brainwave frequencies
resulting from a specific brain activity/function. Some of the techniques that have been explored
to monitor the brain function/activity and record brainwave data inchide clectrocorticography
and clectroencephalography. Using these techniques, rescarchers have been able to monitor
consciousness in patients with tranmatic injuries, and in studies of epilepsy and sleep, for
example.

[B685] Frequency recognition software has also been improved over time. For example,
in speech recognition software, the software can make deductions about what g specific person is
saying with only limited prior analysis of certain words. The specific pre-recorded frequencics
of those words can be used to deduct additional frequencics/words without having to pre-record
those. Accordingly, with the quickly developing frequency recognition software and brainwave
study technigues and studies, 1t is desired to come up with new devices and associated methods

that can be used to analyze and roonitor brainwaves in usefol manners.

SUMMARY OF THE INVENTION
[8606] The foregoing needs are met, to a great extent, by the present invention, wherein
in one aspect an energized Ophthalmic Device with a neural frequency detection system is

disclosed. The neural frequency detection system which can be used to monitor and provide and
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alert to the user according to an identificd brain activity/function determined from the analysis of
brainwave patterns,

(8087 According to some aspects of the disclosure, an ophthalmic device with neural
frequency detection is disclosed. The Ophthalmic lens can inclade a Media Insert comprising a
front curve arcuate surface and a back curve arcuate surface, wherein the front curve arcuate
surface and the back curve arcuate surface form a cavity capable of containing an Energy Source
dimensioned to conform to an arca within the cavity. The Encrgy Source can be in clectrical
connection and capable of Energizing a controller comprising a computer processor in digital
communication with a digital media storage device storing software code, a transmitter in fogical
communication with the processor and also in logical communication with a communication
network, and the software being cxecutable upon demand and operative with the processor to:
receive a signal through the communication network from one or more sensors capable of
measuring neural frequencics and sending one or more measured neural frequencics through the
communication network, and correlate the onc or more measured neural frequencics with a brain
function/activity using pre-recorded data in the media storage device.

[B008] In additional aspects of the disclosure, a method of detecting brain activity using
an ophthalmic device s disclosed. The method including: providing an ophthalmic device with a
neural frequency detection system comprising an Energy Source in clectrical connection and
capable of Energizing a controller comprising a computer processor, a digital media storage
device, a transmitter in logical communication with the processor and also in logical
communication with a comynunication network; recording in the digital media storage device
neural frequency profiles for a plurality of brain functions; receiving a signal through the

communication network from one or more sensors capable of measuring neural frequencics and
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sending one or more measured neural frequencies through the comununication network; and
correlating the one or more measured neural frequencies with a brain function using said pre-
recorded data in the media storage device.

[B0389] In yet additional aspects of the disclosure, the method of detecting brain activity
can inchude providing an ophthalmic device with neural frequency detection system comprising
an Energy Source in electrical connection and capable of Energizing a controller comprising a
computer processor, a digital media storage device, a transmitter in logical communication with
the processor and also in logical communication with a communication network; receiving a
signal through the communication nctwork from one or more sensors capable of measuring
neural frequencies and sending one or more measured neural frequencics through the
communication network; and correlating the one or more measured neural frequencics with a

brain function.

BRIEF DESCRIPTION OF THE DRAWINGS

[8018] The foregoing and other features and advantages of the invention will be apparent
from the following, more particular description of preferred embodiments of the invention, as
ihustrated in the accompanying drawings.

[6611] Fig. | is a diagraromatic representation of a first exemplary Energized
Ophthalmic Device comprising both optics and a neural frequency detection system in
accordance with aspects of the present disclosure;

[6612] Fig. 2 15 a diagrammatic representation of a second exemplary Energized
Ophthalmic Device comprising both optics and a neural frequency detection system in

accordance with aspects of the present disclosure;
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{30131 Fig. 3 1s a schematic diagram of an exemplary cross section of a Stacked Die
Integrated Components Media Tnsert implementing a neural frequency detection system in
accordance with aspects of the present disclosure;

[B814] Fig. 4 s a schematic diagram of exemplary components that may be included in
embodiments of the present disclosure;

[B815] Fig. 5 is a schematic diagram of a controller that may be used to implement some
aspects of the present disclosure;

[8616] Fig. 6 is an exemplary schematic diagram of a neural frequency detection system
for detecting brainwave frequencies according to aspects of the present disclosure;

{6617} Fig. 7 is another exemplary circuit schematic diagram of a neural froquency
detection system according to aspects of the present disclosure; and

[B6618] Fig. 8 illustrates cxemplary method steps that may be used to implement the
neural freguency detection system of the ophthalmic device according to aspects of the present

disclosure.

DETAILED DESCRIPTION OF THE INVENTION
{#319] The disclosure will now be described with reference to the drawing figures, in
which like reference numerals refer to like parts throughout,
{8028]Various aspects of the Ophthalmic Device and method disclosed may be iHlustrated
by describing components that are coupled, scaled, attached, and/or joined together. As used

(19

herein, the terms “coupled”, “sealed”, “attached”, and/or “joined” arc used to indicate either a
direct connection between two components or, where appropriate, an indirect connection to one

another through intervening or intermediate components. In contrast, when a component is
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referred to as being "directly coupled”, “directly sealed”, “directly attached”, and/or “directly
joined” to another component, there are no intervening clements present.

[80321] Relative terms such as “lower” or “bottom” and “upper” or “top” may be used
heretn to describe one clement’s relationship to another element ithustrated in the drawings. It
will be understood that relative terms are intended to encompass different orientations in addition
to the orientation depicted in the drawings. By way of example, if aspects of an exemplary
Ophthalmic Device shown in the drawings are turned over, elements described as being on the
“bottom™ side of the other clements would then be oriented on the “top” side of the other
clements. The torm “bottom”™ can therefore encompass both an orientation of “bottom” and
“top” depending on the particular oricntation of the apparatus.

[B8622] Various aspects of an Ophthaimic Device with a neural freguency detection
system may be ilustrated with reference to one or more cxemplary embodiments. As used
herein, the torm “exemplary” means “serving as an example, instance, or illustration,” and
should not necessarily be construed as preferred or advantageous over other embodiments
disclosed herein.

GLOSSARY

[8023] In this description and claims directed to the disclosed invention, various terros
may be used for which the following definitions will apply:

[8024] Encrgized: as used herein refers to the state of being able to supply electrical
current to or to have electrical energy stored within,

[6625] Encrgy: as used herein refers fo the capacity of a physical system to do waork.
Many uses within this disclosure may relate to the said capacity being able to perform electrical

actions in doing work.
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[3026] Encrgy Source: as used herein refers to a device or layer that is capable of
supplyving Energy or placing a logical or electrical deviee in an Energized state.

{88271 Encrgy Harvester: as used herein refers to a device capable of extracting energy
from the environment and converting it to electrical energy.

[8828] Functionalized: as used herein refers to making a layer or device able to perform a
function inchiding for example, energization, activation, or control.

[8629] Leakage: as used herein refers to unwanted loss of energy.

[8630] Ophthalmic Device: as used herein refers to any device that resides in or on the
cye. These devices may provide optical correction, may be cosmetic, or may provide
functionality unrelated to the cye. For example, the term lens may refer to a contact lens,
intraocular lens, overlay lens, ocular insert, optical insert, or other similar device through which
vision is corrected or modificd, or through which eye physiology is cosmetically enhanced {(¢.g.
iris color) without tmpeding vision, Alternatively, the Lens may provide non-optic functions
such as, for example, monitoring ghicose, delivering sound signals and/or administrating
medicine. In some embodiments, the preferred lenses of the invention are soft contact lenses are
made from silicone elastomers or hydrogels, which include, for example, stlicone hydrogels, and

fluorohydrogels.

[6631] Luhium fon Cell: as used herein refers to an electrochemical cell where Lithium
ions move through the cell to generate electrical coergy. This electrochemical cell, typically
called a battery, may be reencrgized or recharged in its typical forms.

[6032] Media Tusert: as used herein refers to an encapsulated insert that will be included in
an energized ophthalmic device. The energization elements and circuitry may be incorporated in

the Media Insert. The Media Insert defines the primary purpose of the energized ophthalmic
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device. For example, in embodiments where the energized ophthalmic device allows the user to
adjust the optic power, the Media Insert may include encrgization elements that control a liquid
meniseus portion in the Optical Zone. Alternatively, a Media Insert may be annular so that the
Optical Zone is void of material. In such embodiments, the encrgized function of the Lens may
not be optic quality but may be, for example, monitoring glucose, sound delivery, and/or
administering medicine.

[8033] Operating Mode: as used herein refers to a high current draw state where the
current over a circuit allows the device to perform its primary energized function.

[8634] Optical Zone: as used herein refers to an arca of an ophthalmic lens through which
a wearer of the ophthalmic lens secs.

[B035] Power: as used herein refers to work done or energy transferred per unit of time.,

[8636] Rechargeable or Re-energizable: as used hercin refers to a capability of being
restored to a state with higher capacity to do work., Many uses within this invention may relaie to
the capability of being restored with the ability to flow clecirical current at a certain rate and for a
certain, recstablished pertod.

{#037] Reenergize or Recharge: as used herein refers to restoring to a state with higher
capacity to do work, Many uses within this invention may relate to restoring a device to the
capability to flow clecirical current at a certain rate and for a certain, reestablished period.

[B038] Reference: as use herein refers to a civeuit which produces an, ideally, fixed and
stable voltage or corrent output suttable for use 1 other circuits. A reference may be derived
from a bandgap, ay be coropensated for temperature, supply, and process variation, and may be

tailored specifically to a particular application-specific integrated circuit (ASIC).
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[B3039] Reset Function: as used herein refers o a self-triggering algorithmic mechanism
to set a circuit to a specific predetermined state, inchuding, for example, logic state or an
energization state. A Reset Function may include, for example, a power-on reset circuit, which
may work in conjunction with the Switching Mechanism to ensure proper bring-up of the chip,
both on initial connection to the power source and on wakeup from Storage Mode.

[803448] Sleep Mode or Standby Mode: as used herein refers to a low current draw state of
an encrgized device after the Switching Mechanism has been closed that allows for energy
conservation when Operating Mode is not required.

{8041} Stacked: as used herein means to place at least two component layers in proximity
to each other such that at least a portion of one surface of one of the layers contacts a first surface
of a second layer. In some embodiments, a film, whether for adhesion or other functions may
reside between the two layers that are in contact with cach other through said film.

[6042] Stacked Integrated Component Devices or SIC Devices: as used herein refers to
the products of packaging technologies that assemble thin layers of substrates that may contain
clectrical and clectromechanical devices into operative-integrated devices by means of stacking
at least a portion of cach layer upon cach other. The lavers may comprise component devices of
various types, materials, shapes, and sizes. Furthermore, the layers may be made of various
device production technologies to fit and assume various contours,

[6043] Storage Mode: as used herein refers to a state of a system comprising electronic
components where a power source 1s supplying or is required to supply a minimal designed load

current. Thig term is not interchangeable with Standby Mode.
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[8044] Substrate Insert: as used herein refers to a formable or rigid substrate capable of
supporting an Energy Source within an ophthalmic lens. In some embodiments, the Substrate
insert also SUpports one or more components,

[B845] Switching Mechanism: as used herein refers to a component integrated with the
circuit providing various levels of resistance that may be responsive to an outside stimulus, which
is independent of the ophthalmic device.

[80346] Recent developments in Ophthalmic Devices including, for example, contact
ienses, have occurred enabling Functionalized Ophthalmic Devices that can be Energized. The
Enecrgized Ophthalmic Device can comprise the necessary clements to correct and/or enhance the
vision of users using embedded micro-clectronics. Additional functionality using micro-
clectronics can include, for example, variable vision correction, tear fluid analysis, and/or visual
and/or audio feedback to the user.

[6047] Inunrclated ficlds, appreciation of brainwave detection and uses of neural
signals, including corrclation to a wide range of perceptual and cognitive brain functions, has
been rapidly developing. Neural signals can be recognized as elecirical activities of the brain
measurable at different frequencies. They can typically be detected at different arcas of the brain
and described as low frequency bands at delta (<4 Hx), theta (4-8 He), alpha (8-12 Hz), and beta
{12-30 Hz) to high frequencies at garoma band that spans from roughly gamma {30-80 He) to
high gamma (>80 Hz). Currently, detection of brainwave {requencies routinely takes place by
attaching scosors to the scalp of a patient or using invasive probes during surgerics. The
detection is hmited, however, due to the low frequency bands that the brainwaves enut from the
neurons which require that the sensors of the device be in direct contact with brain tissue or

include a conductive liguid or gel.
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[8048] With the use of nano-clectronics, and in accordance to one aspect of the
disclosure, a neural frequency detection system can be incorporated in an Energized Ophthalmic
Device. By incorporating a neural frequency detection system in the ophthalmic environment,
the brainwave sensors can be both in very close proximity to the frontal lobe part of the brain and
may rest in an agucous or wet environment, 1.¢. ocular fluid, imcreasing the sensitivity of the
sensors, In addition, because the frontal fobe part of the brain includes most of the dopamine-
sensitive neurons in the cerebral cortex, better brain function determinations with regards to a
person’s attention, reward, short-term memory tasks, planning, and motivation can be made.
More importantly, the determinations may be made implementing an innocuous Ophthalmic
Device that can be worn by a uscr without the need of wires,

[8049] In additional aspects of the disclosure, brainwave monitoring can be used to
provide feedback and/or as a control means for a device in wircless communication with the
Ophthalmic Device. Feedback may include communicating to the user brain activity/function
without delay, for cxampic, via audible and/or visual signals provided directly by the Ophthalmic
Device or using a wireless device in wireless communication with the Ophthalmic Device. The
audible signal can be communicated with an Ophthalmic Device with sound generating clements
that can be used to comyunicate the audio signals through bone conduction through the eye
socket to the cochlea of the inner car. This type of device has been disclosed on United States
Patent Application No. JAA to INSERT No ], titled “Ophthalmic Device with Micro-Acoustic
Eleroents” disclosed by the same inventive entity of the present disclosure.  Tn addition, the
Ophthalmic Device may include photonic elements, such as an LED array, that may be used to

provide a visual signal to the user.  In yvet additional embodiments, the signals may be
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communicated through an interface of the wireless device in communication with the
Ophthalmic Device.

[B858] The feedback generated using the monttored brain frequencies may include a
message, beep, light alert, and/or both,  This feedback may alert the user, for example, when the
user loses focus/attention while he/she is performing a specific task. This may include, for
example, a vissal/sound alert that is communicated to the user while he is driving and loses
focus. Alternatively or in addition to, the monitoring of brain frequencies may be used, for
cxample, to monitor a personal motivation to accomplish an action and control a processor
accordingly. For example, this may be used for a person to communicate a desire and control a
robotic hand. The control can be useful in a range of applications including a paralyzed person
trying move something, a surgeon who is operating a robotic hand during an operation, and the
such.

(6051 In yet additional cmbodiments, two Ophthalmic Devices being worn by two
different individuals and in wireless communication with each other may be used to
communicatc messages between the two wearers, 1.¢. synthetic telepathy. This can be dong, for
example, in cases where private local coramunication is desired through a secure local arca
network. This can be implemented in military cases using coded messages, for example.

[6652] Referring now to Fig. |, a diagrammatic representation of a first exemplary
Energized Ophthalmic Device 150 comprising both optics and a neural frequency detection
systern in accordance with aspects of the present disclosure is depicted. A top view of an
exemplary Media Tosert 100 for an Encrgized Ophthalmic Device 150 that can inclade a neural
frequency detection system 105 and an isometric exernplary energized Ophthalmic Device 150

inchuding the Media Insert 100 are depicted. The Media Insert 100 may comprise an Optical
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Zone 120 that may or may not be functional to provide vision correction. Where the encrgized
function of the ophthalmic device is unrelated to vision, the Optical Zone 120 of the Media Insert
100 may be void of material. In some embodiments, the Media Insert 100 may mmchade a portion
outside of the Optical Zone 120 comprising a substrate 115 incorporated with Energization
Elements and electronic components forming part of the neural frequency detection system 105
which include one or more low band frequency sensors. In some embodiments, for example, the
onc or more sensors may include silicon nanowires capable of providing low power and high
sensitivity.

[60353] In addition in some embodiments, a power source 110, for example, a battery, and
a load, which may be a semiconductor die may also be attached to the Media Insert 115,
Conductive traces 125 and 130 may clectrically interconnect the electronic components of the
neural frequency detection system185 and the energization elements 110, In some embodiments,

the Mcdia Inscrt 100 can be fully encapsulated to protect and contain the encrgization clements

(4]

110, traces 125 and 130, and electronic components of the neural frequency detection system 10
in some embodiments, the cncapsulating material may be semi-permeable, for example, to
prevent specific substances, such as water, from entering the Media Tnsert 100 and to allow
specific substances, such as ambient gasses, fluid saroples, and/or the byproducts of reactions
within energization clerments 11, to penetrate and/or escape from the Media Tnsert 100, In
embaodiments where the Media Tosert 100 15 permeable or semi-permeable, the sensors or sensor’s
contacts {not shown} of the neural frequency detection system 103 can be posttioned on the Media
Insert’s surface to allow direct contact with the ocular surface and ocular fluid on which the

Ophthabmie Bevice rests on.
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[3054] The Media Tosert 100 may be included in/or on an Ophthalmic Device 150, which
may also comprise a polymeric biocompatible material. The Ophthalmic Device 150 may include
a rigid center, soft skirt design wherein a central rigid optical element comprises the Media lusert
100, In some specific embodiments, the Media Insert 100 may be in direct contact with the
atmosphere and/or the comeal surface on respective anterior and posterior surfaces, or
alternatively, the Media Insert 100 may be encapsulated in the Ophthalmic Device 158, The
periphery 155 of the Ophthalmic Device 150 may be a soft skirt material, including, for example,
a hydrogel material. For example, the Ophthalmic Device 150, may be an Energized soft hydrogel
contact lens and can inchude a silicone containing component. A “silicone-containing
component” is one that contains at least one [-S1-0-] unit in a monomer, macromer or
prepolymer. Preferably, the total 81 and attached O arc present in the stlicone-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
siticonc-containing components preferably comprise polymerizable functional groups such as
acrylate, methacrylate, acryvlamide, methacrylamide, vinyl, N-vinyl lactam, N-vinylamide, and
styryl functional groups.

[8058] The infrastructure of the Media Insert 100 and the Ophthalmic Device 150 can
provide a saperior environment to perform analysis of neural emitted frequencies since the
sensors can be in contact with an ocular surface and ocular fluid, which are conductive by nature.
Conductive types of ocular fhuid can include any one, or a combination of: tear fluid, aqueous
humour, vitreous hamour, and other interstitial fhuds located in the eye.

[8056] Referring now to Fig. 2, a diagrammatic representation of a second exemplary

energized ophthalmic device comprising both optics and a neural frequency detection system in
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accordance with aspects of the present disclosure is depicted. In particular, a three dimensional
cross section representation of an exemplary Ophthalmic Device 200 including a Functionalized
Layer Media Insert 220 configured to include the neural frequency detection system on ong or
more of its Stacked Integrated Component Lavers 230, 231, 232 is dlustrated. In the present
exemplary embodiment, the Media Insert 220 surrounds the entire periphery of the Cphthalmic
Device 200, One skilled in the art can understand that the actnal Media Insert 228 may comprise
a full annular ring or other shapes that still may reside inside or on the hydrogel portion of the
Ophthalmic Device 200 and be within the size and geometry constraints presented by the
ophthaimic environment of the user,

(86571 Layers 230, 231 and 232 are meant to illustrate three of numerous layers that may
be found in 2 Media Insort 220 formed as a stack of functional layers. In some embodiments, for
example, a single layer may include onc or more of: active and passive components and portions
with structural, electrical or physical propertics conducive to a particular purpose including the
Communication System functions described in the present disclosure. Furthermore, in some
cmbodiments, a layer 230 may include an Encrgy Source, such as, one or more oft a batiery, a
capacitor and a receiver within the layer 230, Item 231 then, in a non-limiting cxemplary sense
may comprise microcircuitry in a layer that detects actuation signals for the Ophthalmic Device
200. In somwe embodiments, a power regulation tayer 232, may be included that is capable of
receiving power from external sources, charges the batiery layer 230 and controls the use of
battery power from laver 330 when the Ophthalmic Device 200 1s not in a charging environment,
The power regolation may also control signals to an exemplary active lens, demonstrated as item

210 in the center annular cutout of the Media Insert 220,
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[B058] As previously mentioned, an Encrgized Ophthalmic Device 200 with an
embedded Media Insert 220 may inchide an energy source, such as an ¢lectrochemical cell or
battery as the storage means for the energy and in some embodiments, encapsulation, and
isolation of the materials comprising the energy source from an ¢nvironment into which an
Ophthalmic Device 200 1s placed. In some embodiments, a Media fnsert 220 can also include a
pattern of circuitry, components, and energy sources. Various embodiments may include the
Media Insert 220 locating the pattern of circuitry, components and Encrgy Sources around a

periphery of an Optical Zone 210 through which a wearer of an Ophthalmic Lens would see,

)

while other embodiments may inchade a pattern of circuitry, components and Encrgy Sources
which arc small cnough to not adversely affect the sight of the Ophthalmic Lens wearer and
therefore the Media Insert 220 may locate them within, or exterior to, an Optical Zone 210,
[8659] Reference has been made to clectronic circuits making up part of the
componentry of Ophthalmic Devices incorporating a neural frequency detection system. In
some embodiments according to aspects of the disclosure, a single and/or multiple discrete
clectronic devices may be included as discrete chips, for example, in the ophthalmic Media
Inserts. In other embodiments, the energized electronic elements can be included in the Media
Insert in the form of Stacked Integrated Components. Accordingly and referring now to Fig. 3,
a schematic diagram of an exemplary cross section of a Stacked Integrated Components Media
Insert iopleruenting a neural frequency detection system is depicted. To particular, the Media
Insert may include numerous layers of different types which are encapsulated into contours
consistent with the ophthalmic environment that they will occupy. In some embodiments, these

Media Inserts with Stacked Integrated Component layers may assume the entire annuolar shape of
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the Media Insert.  Alicrnatively in some cases, the Media Insert may be an annulus whereas the
Stacked Integrated Components may occupy just a portion of the volume within the entire shape.

[B8860] Referring back to Fig. 3, there may be thin film batteries 330 used to provide
Energization used to operate the neural frequency detection system 310, In some embodiments,
these thin film batteries 330 may comprise one or more of the lavers that can be stacked upon
cach other with multiple components 1n the layers and interconnections therebetween.

[8061] In some embodiments, there may be additional interconnections between two
iavers that are stacked upon cach other. In the state of the art there may be numerous manners to
make these interconnections; however, as demonstrated the interconnection may be made
through solder ball interconnections between the layers. In some embodiments only these
connections may be reguired; however, in other cases the solder balis may contact other
interconncction elements, as for example with a component having through layer vias.

[6062] In other lavers of the Stacked Intcgrated Component Media Insert, a layer 325
may be dedicated for the interconnections two or more of the various components in the
interconnect layers.  The interconnect layer 325 may contain, vias and routing lincs that can pass
signals from various components to others.  For example, interconnect layer 325 may provide
the various battery elements connections to a8 power management unit 320 that may be present in
a technology layver 315, Other coroponents in the technology layer 315 can inclade, for example,
a transceiver 345, control components 350 and the Tike. In addition, the interconnect layer 325
may function to make connections between components in the technology layer 315 as well as
components outside the technology layer 315; as may exist for example in the Tntegrated Passive
Device 355, There may be numerous manners for routing of electrical signals that may be

supported by the presence of dedicated interconnect layers such as interconnect layer 325.
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{30631 In some embodiroents, the technology layer 315, like other layer components,
may be included as multiple layvers as these features represent a diversity of technology options
that may be incladed in Media Inserts. Iu some embodiments, one of the lavers may include
CMOS, BiCMOS, Bipolar, or memwory based techuologies whereas the other layver may inclhude a
different technology. Alternatively, the two lavers may represent different technology families
within a same overall family; as for example one layer may include electronic elements produced
using a 0.5 micron CMOS technology and another layer may include clements produced using a
2( nanometer CMOS technology. It may be apparent that many other combinations of various
clectronic technology types would be consistent within the art deseribed herein.

[8364] In some embodiments, the Media Insert may include locations for clectrical
interconnoctions to components outside the insert. In other examples, however, the Media Insert
may also include an interconnoction to external components in a wircless manner.  In such
cascs, the use of antennas in an antenna layer 335 may provide exemplary manners of wircless
communication. In many cascs, such an antenna layer 335 may be located, for cxample, on the
top or bottom of the stacked ntegrated component device within the Media Insert.

[6065] In some of the embodiments discussed herein, the hattery clements 330 may be
included as clements in at least one of the stacked layers themselves, It may be noted as well
that other embodiments may be possible where the battery elements 330 are located externally to
the stacked integrated component layers, Still further diversity in embodiments may derive from
the fact that a separate battery or other Energization component may also exist within the Media
Insert, or alternatively these separate energization components may also be located externally to

the Media Insert.
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[B066] Simiarly, components of the neural frequency detection system 310 may be
included in a Stacked Integrated Component architecture. In some embodiments, the neural
frequency detection system 310 components may be attached as a portion of a layer, In other
embodiments, the entire newural frequency detection systern 310 may also comprise a similar
configuration as the other Stacked Integrated Components.

[B8867] Referring now to Fig. 4, a schematic diagram of exemplary components that may
be included in embodiments of the present invention is depicted. At 400, the anterior ocular
surface of an cye is represented. An Ophthalmic Device’s Interface 405 may be placed onto the
anterior ocular surface of the eye 400 to measure brainwave frequencics according to aspects of
the disclosure. In some embodiments, the Ophthalmic Interface 405 may include or be in
connection with one or more sensors 445 and 450 capable of detecting low band brainwaves that
can be used to determine a brain function. The sensors 445 and 450 may be encapsulated and
include contacts that may be coated with a biocompatible coating or polymer to prevent harm to
the ocular surface. The determination of brain function may take place using the controller 410
in communication with the Ophthalmic Interface 405,

[3068] The controller 410 may be, for exaraple, one as described in Fig. 5, and may
further comprise additional microcontrolier(s), timer, signal conditioning device, state machine
device, and/or event triggering device. Further, a current generator 415, a power management
device 420 and a feedback indicator 440 may be in electrical communication with the controller
410, The current generator 415 can be capable of generating voltage-mode or current-mode. For
example, DC or AC and different Waveforms and frequencies. The power manageroent device
420 may include, for example a rectified, filter, voltage regulator and battery charger, and may

be in communication with one or more of an encrgy storage device 425, and/or an external
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power supply 430, The external power supply 430 may include, for example solar cell, coil
{inductive}, antenna (RF), thermoclectric, piezoclectric, “Energy Harvesting”, ctc. The
commmunication may be LED, inductive, EF, etc. The communication may occur with a device
that may be positioned in proximity with the Ophthalmic Device, for example glasses, a wircless
medical deviee, a cellular telephone, a personal computer, and the such.

[B8869] The feedback indicator 440 may be a micro-electromechanical transducer capable
of converting a digital signal to an acoustic output which can be delivered to the user through
bone conduction. Bone conduction can be adeqguate based on the proximity of the cye to the
skul through the eye socket, wherein the bones of the skull may be used to direct the sound to
the cochlea of the inner car. In addition or alternatively, in some embodiments, a visunal feedback
indicator 440 may be included in the Ophthalmic Device. The visual feedback indicator 440
may be a photon emitter projected towards the line of sight of the user wearing the device, for
example. The photon emitter may include a light emitting diode (LED) and in some
cmbodiments, an organic type of LED semiconductor device.

(60761 Dcpending on the power requirements, energy storage 425 may be necessary in
some embodiments. As previcusly described, energy storage 425 moeans may include, for
example, a battery {alkaline, Li-Ion, Li, Zn-air, etc.}, a capacitor or a super capacitor embedded
in the lens using for exaraple SIC-Device technology.

[6671] Referring now to Fig. 5, a schematic diagram of a controller 410 that may be used
in embodiments of the present disclosure is tHustrated. The controller 410 can include one or
more processors ST, which may include one or more processor components coupled to a
conumunication device 328, In some embodiments, a controller 410 can be used to transmit

energy to the Energy Source placed in the Ophthalmic Device. The processors 510 can be
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coupled fo a comumunication device 520 configured, for example, to communicate coergy viaa
communication channel.

[B872] In addition, the communication device S20 may be used to electronically

communicate with components forming part of the communication channel within the Media
Insert, for example. The communication device 520 may also be used to communicate with an
external wireless device, for example, with one or more controlier apparatus or
programming/interface device compounents including a cellular device, personal computer, table,

medical device, and the such.

[8373] The processor 518 1s also in commmunication with a storage device 530. The
storage device 530 may comprise any appropriate information storage device, including
combinations of magnetic storage devices, optical storage devices, and/or semiconductor
memory devices such as Random Access Memory {RAM) devices and Read Only Memory
{ROM)} devices.

[8074] The storage device 530 can store a program 540 for controlling the processor 510.
The processor 510 performs instructions of a software program 54, and thereby operates in
accordance with the present invention. For example, the processor 510 may output an clectrical
signal to provide an indication to the user according to a brain function determination. The
determination of a brain function taking place at a particular point in time may occur using
stored, in one or more databases 550 and 560 of the storage device 530, brain frequency profiles
descriptive of brain function/activity according to brainwave frequencics. Accordingly, the
database may also include parameters and controlling algorithms for the control of the neural

frequency system components that may reside in the Ophthalmic Device as well as data and/or
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measured feedback that can be used to tatlor the brain activity profiles for the particular user. In
some embodiments, that data may be ultimately communicated to/from an external wireless
device which may also be capable of providing feedback to the user.

[B875] Referring now to Fig. 6, an exemplary circuit schematic diagram of a neural
frequency detection system 600 is depicted. Contacts 606, 608, 610, 612, 614, and 616 may
provide eleetrical contact with an ocular surface 602 through biocompatible means as previously
discussed. Switching network 618 can allow generator and/or sensor circuitry 620 to connect to
certain sensors, for example adjacent pairs. The system may first measure the difference in
potential between contacts 606 and 608, The system may then measure 608 and 610, 610 and
612,612 and 614, and 614 and 616. For example, by detecting a measurable difference which
can cxist between contacts due to brain activity emitting low band frequencies, ¢.g. neural
frequency 604. This model may be extended with a multi-dimension grid or other arrangement
of contacts, to provide for more accurate analysis of brainwave activity.

~
7
I

[6676] Referring now to Fig. 7, another exemplary circuit schematic diagram of a neural
frequency detection system according to aspects of the present disclosure is depicted. A voltage
source 724 is depicted which may also be used to measure resistance or change in a frequency
emitted by the system 700, The measurable resistance 726 can be measured on the tissue of the
ocular surface and/or the conductive ocular fluid. Contacts 710 and 712 may be positioned on
the ocular surface and, as previously discussed, may be of appropriate biocompatible, conductive
materials or encapsulated by biocompatible conductive materials, Contacts 710 and 712 may
connect to a switching network 728, shown as an H-bridge, a common circutt known in the field
of electronics, which may permit connecting, disconnecting, and toggling the polarity of applied

or measured voltage and current. Countroller 706 may control the switching network 728 along
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with switches 720 and 722. The switches may be implemented with MOSFET devices, as is
common in the industry. The controller may be implemented as a microcontroller, for example.
Switch 720 may connect to generator block 702 to the switching network 728, This generator
block 702 can contain the circuitry necessary o generate the voltage, current, wavetorms, and
frequencies desired for brain frequency analysis. Switch 722 may connect sensor block 704 to
the switching network 728, The sensor block 702 may detect wavelengths and amplitudes
parameters of neural emitted frequencics 714,

{86771 In onc systom state, for example, switch 722 may be closed while switch 720 may
be open, and the desired switches in switching network 728 may be enabled and disabled to
connect the sensor 704 to the neural frequency 714 through contacts 710 and 712 without
connecting the gencrator 702,

{86781 Scnsor 704 may be designed to measure voltage with techniques common in the
clectronics industry, for example a differential or instrumentation amplificr. Sensor 704 may
also be configured as a capacitance sensor, resistance sensor, or other clectrical sensor. In
another system state, switch 720 may be closed while switch 722 may be left open. Generator
702 may be operated as a controlled voltage source, controlled current source, or an AC
generator to promote or amplify a signal.

66791 Referring now to Fig. §, a flowchart with exemplary method steps that may be
used to implement the neural frequency detection system of the ophthalmic device 1s iltustrated.
Beginning at step 801, a user’s brainwave activity can be prograromed in a database. o some
embodiments, the database may be included in the neural frequency detection system of the
Ophthalmic Device or if may be programmed using an external device. The programming

brainwave activity can include exposing a user to a number of controlled conditions/stimuli and
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measuring the brain function/activity resulting from cach. Using this data, different neoral
frequency profiles corresponding to each controlled condition/stimuli can be programmed to
correlate the frequencies to specific brain activity/functions. Functions detected in the frontal
iobe part of the brain can include those controlled mostly by the dopamine-sensitive neurons in
the cerebral cortex which relate a person’s attention, reward, short-term memory tasks, planning,
and motivation can be made.

[B0O9G] At step 805, brainwave activity/function is monitored using the Ophthalmic
Device of the present disclosure. Monitoring of brain activity can inchade correlating the
measured frequencies to pre-determined brain activity/functions recorded in the database. The
profile for cach brain activity/function can include threshold levels for neural frequencies
speeitic to the user or generic depending on the condition. The monitoring of brain activity may
occur upon demand from a user, at a specific frequency, or once a condition has been detected.
For cxample, in some cmbodiments, the monitoring of brain activity may occur once a
compatible wircless device is within a predetermined distance from the Ophthalmic Device. In
some embodiments, the monitoring frequency and use may depend on the type of Ophthalmic
cmbodiment, usc and encrgy source limitations.

[B091] Atstep 810, using the neural frequency profiles, the monitored frequencics can be
correlated to one or more pre~determined brain function/activity, Based on the correlation, at
step 8135, a signal can be outputied by the processor. In some embodiments, the signal can be
translated into a mechanical vibration by an electromechanical transduocer to generate an audible
signal as previously described. In other embodiments, the signal may be translated by a visual
signal produced by a photon emitter. In yet additional embodiments, the signal may be sent to a

wirgless device in wireless communication with the Ophthalmic Device. Transmission of
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information can occur wirelessly, for example, via an RF frequency, a local area network (LAN),
and/or a private arca network (PAN), depending on the communication device and functionality
implemented. The signal records may be maintained as part of a user’s history, to prevent
sending duplicate messages, and/or for prioritization/optimization of future message, for
example.

[B8892] The many features and advantages of the invention are apparent from the detailed
specitication, and thus, it is intended by the appended claims to cover all such features and
advantages of the invention which fall within the true spirit and scope of the invention. Further,
because numerous modifications and variations will readily occur to those skilled in the art, it s
not desired to limit the invention to the exact construction and operation iilustrated and
deseribed, and accordingly, all suitable modifications and equivalents may be resorted to, falling

within the scope of the invention.
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CLAIMS
i. An ophthalmic device with newral frequency detection, comprising;

a Media Insert comprising a front carve arcuate surface and a back curve arcuate surface,
wherein the front curve arcuate surface and the back curve arcuate surface form a cavity capable
of containing an Encrgy Source dimentioned to conform to an arca within the cavity and outside
the Optical Zone of an Ophthalmie Lens, wherein the Energy Source is in electrical connection
and capable of Encrgizing a controller comprising a computer processor in digital
communication with a digital media storage device and wherein the digital media storage device
stores software code:

a transmitter in logical communication with the processor and also in logical
commyunication with a communication network, wherein the software is exccutable upon demand
and operative with the processor to:

receive a signal through the communication network from one or more sensors capable of
measuring neural frequencies and sending said one or more measured neural frequencies through
the communication network; and

corrclate at least one of said onc or more measured neural frequencics with a brain

function using pre-recorded data in the media storage device.

2. The ophthabmic device of claim 1, additionally comprising: a radio frequency antenna in
connection with said communication network and capable of transmitting data from/to a wireless

device.
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3. The ophthalmic device of claim 2, wherein the software is additionally operative with the
processor to:

send a signal to the wireless device according to the correlated brain function,

4, The ophthalmic device of claim 2, additionally comprising: a photon emitter element in
connection with said communication network and capable of providing a visual signal to the

User.

5. The ophthalmic device of claim 4, wherein the software is additionally operative with the
Processor to:

receive from the wireless device a signal correlated to the brain function of another user
through the radio frequency antenna; and

provide a visual signal to the user of the ophthalmic device through the photon omitter

clement.

0. The ophthalmic device of claim 5, wherein the visual signal is provided to the user when
the signal from the brain function of said another user is equivalent to the signal from the brain

function of the user receiving the visual signal,

7. The ophthalmic device of claim 6, wherein the wireless device 1s another Ophthalmic

Device being worn by another user.
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8. The ophthalmic device of claim 2, additionally comprising: an electromechanical
transducer capable of emitting an audible signal, the electromechanical transducer in connection

with commumication network and capable of providing an audible signal to the user.

9. The ophthalmic device of claim &, wherein the software is additionally operative with the
processor to:

receive from the wireless device a signal correlated to the brain function of another user
through the radio frequency antenna; and

provide an audible signal to the user of the ophthalmic device through the

clectromechanical transducer.

1. The ophthalmic device of claim 9, wherein the audible signal is provided to the user

when the signal from the brain function of said another user is equivalent to the signal from the

brain function of the uscr receiving the audible signal.

1. The ophthalmic device of claim 10, wherein the wircless device is another Ophthalmic

Device being worn by another user.

12, The ophthalmic device of claim 1, wherein the Evncrgy Source is fabricated using Stacked

Integrated Component Device Component technologies.

13. A method of detecting brain activity comprising:
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providing an ophthalmic device with neoral frequency detection systern coraprising an
Energy Source in electrical connection and capable of Energizing a controller comprising a
computer processor, a digital media storage device, a transmitter in logical communication with
the processor and also in logical communication with a communication network;

recording, in the digital media storage device, neural frequency profiles corresponding to
a plarality of brain functions;

receiving a signal through the communication network from one or more sensors capable
of measuring neural frequencics and sending one or more measured neural frequencies through
the communication network; and

correlating the one or more measured neural frequencics with a brain function using said

pre-recorded data in the media storage device.

14, The method of claim 13, additionally comprising the step of: sending a signalto a

wireless device according to the correlated brain function.

5. The method of claim 13, wherein the ophthalmic device additionally compriscs a photon

emitter element in connection with communication network.

16.  The method of claim 15, additionally comprising the step of: providing a visual signal to

the user of the ophthalmic device through the photon emitter element.

17.  The method of claim 13, wherein the ophthalmic device additionally comprises an

electromechanical transducer in connection with communication network.
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1€ The method of ¢laim 17, additionally comprising the step oft providing an audible signal

to the user of the ophthalmic device through the electromechanical transducer,

19, The method of claim 14, wherein the wireless device ts one or more of: a celiular device,

a biomedical device, a drag dispensing device, a tablet, and a personal computer.

20. A method of detecting brain activity comprising:

providing an ophthalmic device with neural frequency detection system comprising an
Energy Source in electrical connection and capable of Energizing a controller comprising a
computer processor, a digital media storage device, a transmitter in logical communication with
the processor and also in logical communication with a communication network;

receiving g signal through the communication network from onc or more sensors capable
of measuring neural frequencics and sending one or more measured neural frequencies through
the communication network; and

corrclating the one or more measured neural frequencies with a brain function,



PCT/US2014/052488

WO 2015/031241

1/8

e

v e e s

g

6
B

1

Fi



WO 2015/031241 PCT/US2014/052488

VRS

S
.
N M
MR \\\\\\\\\\\ —
.

ST
i
ngs\
\s' SRR

creiind
g g it

Pine,,

oA

B
AR

g

220 ; E }‘\
H
3

2

rcsosies

fost
N2
U,
N2

s

S

” ISy
o e - "
i EOWIY L i

P

AR
N AR R

Fig. 2



WO 2015/031241

330

PCT/US2014/052488

Neural Frequency Detection System

Fower

Management

Battery
~ Charger

Supply

RF

Transceiver

i

Control
Funclions

tPD
RF
Matching

Dense
Capacitors

/

/

§

O HONONS 10
[ Interconnect
HONS AORe ‘ RS

'& v
F Y
J

i

T
i [
=
VU O ) ]

B [

|

|

|

Fig. 3




WO 2015/031241 PCT/US2014/052488

4/8
Current gﬁﬁﬂ&
" QGenerator wglase
. (Optionaly
415 \\\ - o -
& 4325
¥ ¥ o
Ophthalmic Power  External power |
e »  Controller - R sSupply, i
Interface Management \ ,
(Optional)
, ) 405 410 420 -
400 A 4 8 430
. I o
\ ’ ‘ ' Fesdback |
| ™ lndicator
. Semsorl = | Sensor2  je- | e )
A / / el 7 440
T s a0

Fig. 4



WO 2015/031241 PCT/US2014/052488

5/8
CONTROLLER
COMMUNICATION DEVICE 410
520 /
PROCESSOR
510
i
]
530
\\ PROGRAM 540
550
/
k DATABASE O./
560
( DATABASE Ou/
N‘“"“M

Fig. 5



WO 2015/031241 PCT/US2014/052488

618 620

606

610 612
608 614

606 — _ 616

Fig. &



WO 2015/031241 PCT/US2014/052488

é 700
710

720

722
704

706 728 ~




WO 2015/031241 PCT/US2014/052488

PROGRAM A USER’S BRAINWAVE
RESPONSES FROM MONITORED STIMULI

801
\
MONTOR BRAINWAVE ACTIVITY
805

4

CORRELATE BRAINWAVE ACTIVITY TO A
PRE-DETERMINED CONDITION/FACTOR <10
[

4

GENERATE A SIGNAL BASED ON THE PRE-
DETERMINED CONDITION/FACTOR




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2014/052488

A. CLASSIFICATION OF SUBJECT MATTER

INV. A61B5/0478 A61B5/00
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

A61B GOZ2C

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, WPI Data, BIOSIS, EMBASE

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 2007/019279 Al (GOODALL ELEANOR V [US] 1-3,
ET AL) 25 January 2007 (2007-01-25) 12-14,

19,20

Y paragraphs [0036], [0057] - [0063], 4-11,
[0093]; figures 8,9 15-18

Y WO 2012/125425 A2 (PROTEUS BIOMEDICAL INC 4-11,
[US]; THOMPSON TODD [US]; COLLIOU OLIVIER 15-18
[US];) 20 September 2012 (2012-09-20)

A paragraphs [0119], [0120] 1,13,20

A US 2012/236524 Al (PUGH RANDALL B [US] ET 1,13,20
AL) 20 September 2012 (2012-09-20)
abstract

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

6 February 2015

Date of mailing of the international search report

18/02/2015

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Clevorn, Jens

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2014/052488
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2007019279 Al 25-01-2007  NONE
WO 2012125425 A2 20-09-2012  EP 2683291 A2 15-01-2014
JP 2014514032 A 19-06-2014
US 2014206976 Al 24-07-2014
WO 2012125425 A2 20-09-2012
US 2012236524 Al 20-09-2012 AU 2013211974 Al 11-09-2014
CA 2862667 Al 01-08-2013
CN 104205331 A 10-12-2014
EP 2807674 Al 03-12-2014
KR 20140116952 A 06-10-2014
TW 201349440 A 01-12-2013
US 2012236524 Al 20-09-2012
WO 2013112868 Al 01-08-2013

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - wo-search-report
	Page 42 - wo-search-report

