
METHODS AND APPARATUS FOR WIRELESS BIOMEDICAL DEVICE CHARGING 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

Methods and apparatus for wireless charging of energized biomedical devices are 

described. In some exemplary embodiments, the charging system may perform a functional role 

in keeping energized biomedical devices at a sufficient charge level to operate in an untethered 

manner in a biometric information communication system where the biomedical devices' 

functionality involves collecting biometric information along with other information to perform 

personalized information communication for the user of the device. 

2. Discussion of the Related Art 

Recently, the number of medical devices and their functionality has begun to rapidly 

develop. These medical devices may include, for example, implantable pacemakers, electronic 

pills for monitoring and/or testing a biological function, surgical devices with active components, 

contact lenses, infusion pumps, and neurostimulators. These devices are often exposed to and 

interact with biological and chemical systems making the devices optimal tools for collecting, 

storing, and distributing biometric data. 

Some medical devices may include components such as semiconductor devices that 

perform a variety of functions including GPS positioning and biometrics collection, and may be 

incorporated into many biocompatible and/or implantable devices. However, such semiconductor 

components require energy and, thus, energization elements must also be included in such 

biocompatible devices. The addition of self-contained energy in a biomedical device capable of 

collecting biometrics and GPS positioning would enable the device to perform personalized 

information communication for the user of the device. Over time, the stored charge of such 

biomedical devices will dissipate. It may be even more useful for self-contained energized 

biomedical devices to receive a recharge to its electrical storage during some or all of its use 

period. Examples may be most effective in some usage conditions where the user is relatively 

stationary for periods of time, such as while sitting in a transportation environment or a bedroom 

environment. 
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SUMMARY OF THE INVENTION 

Accordingly, methods and apparatus to recharge biomedical device are disclosed. 

Charging protocols may differ depending on the type of biomedical device and the amount of 

energy it uses and stores. In some examples, a user may be mobile, moving from one location to 

another location, where some locations may be equipped to wirelessly charge devices. In some 

examples, charging may be performed by directed beaming of energy either electromagnetic or 

ultrasonic in nature. In other examples, ubiquitous sources such as a Wi-Fi carrier signal of 

electromagnetic energy may beam energy sufficient for a level of charging into the general 

environment. The nature of the biomedical device may influence the means of charging since 

devices that are embedded within the skin of the user may have different requirements on the 

type of energy beaming than devices of a more remote nature to the user. 

The present invention discloses methods and apparatus to charge biomedical devices 

from a remote location, such as from at least one meter away. In some examples, the biomedical 

device may include a sensor which records at least a first biometric. The data associated with the 

first biometric may be communicated while the biomedical devices are being charged in some 

examples. 

One general aspect includes a method of charging a biomedical device, the method 

includes: installing a charging system capable of wireless transmission of power; obtaining a first 

device, where the first device measures at least a first biometric of a user; measuring the first 

biometric with the first device; communicating data of the first biometric and location data to a 

computing device connected to a network; communicating a location of the first device to the 

charging system; and beaming energy to the location of the first device to provide power to the 

first device. 

In some examples, there may be a method of charging a biomedical device, the method 

includes: installing a charging system capable of wireless transmission of power; obtaining a first 

device, where the first device measures at least a first biometric of a user; measuring the first 

biometric with the first device; communicating data of the first biometric and location data to a 

computing device connected to a network; beaming energy to an area surrounding the first 

device and the user; and receiving energy beamed by the charging system with the first device. 



One general aspect includes a system for biometric-based information communication 

including a biomedical device. The biomedical device may also include a sensing means. The 

system also includes an energization device. The system also includes: a communication means; 

a bed smart device, where the bed smart device is paired in a communication protocol with the 

5 biomedical device; a communication hub, where the hub receives communication containing at 

least a data value from the biomedical device and transmits the communication to a content 

server; a charging system; and a feedback element. 

Implementations may include one or more features. One feature may be that the charging 

system includes multiple beaming antennas which focus charging energy around and proximate 

10 to the biomedical device. Another aspect of the charging system may be that the system may 

charge the biomedical device while a user is sleeping. Another aspect may be that the system 

includes a constant area charging beam. Still another aspect may be that the system includes a 

vibrational transducer. The system may transmit a targeted message through a biometric 

information communication system to the feedback element. The system may include an element 

15 to monitor a user's breathing rate. The system may include an element to monitor a user's pulse. 

The system may include an element to monitor a user's intraocular pressure. The system may 

include an element to monitor a user's eye motion. The system may include an element to 

monitor a sound of a user's snore. The system may include an element to monitor a user's blood 

glucose level. The system may include an element to monitor a user's blood pressure. The 

20 system may include an element to monitor a user's blood oxygen level. 

In some examples, the system may communicate with a bed smart device and the bed 

smart device may control the elevation of a head of the bed. In some examples a user may obtain 

a first device, where the first device includes a worn biomedical device. The worn biomedical 

device may be a contact lens, or the worn biomedical device may be a smart ring. The method 

25 may include examples where a second device includes a smart phone or a smart watch. The 

method may include examples where the first device includes a biomedical device within one or 

more of a pillow, a sheet or a blanket. 

In some examples, the system includes multiple beaming antennas which focus charging 

energy proximate to the biomedical device. In some of these examples the charging system may 

30 include an area charging beam. In some of these examples a first device may be a contact lens. In 

other examples, the first device may be a bandage form biometric sensor. In some examples, the 
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first device is located in a room. In some examples, the first device is located in an automobile. 

In still further examples, the first device may be moving with a user above a sidewalk. 

In some examples the system may operate by beaming energy from multiple sources. In 

some other examples, the system may operate where the wireless charging energy is broadcast 

5 over a wide angle. 

One general aspect includes a method including: obtaining a first device, where the first 

device is capable to measure at least a first biometric of a user; measuring the first biometric with 

the first device to obtain biometric data, where the measurement occurs when the user is 

sleeping; charging the first device with a wireless charging system; obtaining a second device, 

10 where the second device is a user personal device including a display and a network 

communication device; authorizing a paired communication between the first device and the 

second device; communicating the biometric data from the first device to the second device; 

communicating the biometric data to a computing device connected to a network; authorizing the 

computing device, via a signal from the first device, to obtain status data related to status of a 

15 bed from a bed smart device; authorizing the computing device to initiate an algorithm to be 

executed to retrieve a targeted and individualized content based on the biometric data, the bed 

status data and a personalized preference determination calculated via predictive analysis to 

generate the targeted and individualized content; receiving a message including the targeted and 

individualized content to the second device; and displaying the message to the user. 

20 One general aspect includes a system for biometric-based information communication 

including a biomedical device including a sensing means. The system also includes an 

energization device. The system also includes a communication means. In some examples this 

system may also include an auto smart device, where the auto smart device is paired in a 

communication protocol with the biomedical device. The system may also include a 

25 communication hub, where the hub receives communication containing at least a data value from 

the biomedical device and transmits the communication to a content server. This system may 

have examples that include a charging system; and a feedback element. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

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 

5 illustrated in the accompanying drawings. 

Figs. 1A and IB illustrates an exemplary biomedical device for exemplary description of 

the concepts of biometric-based information communication. 

Fig. 2 illustrates an exemplary network of biomedical, user and data processing devices 

consistent with the concepts of biometric-based information communication. 

10 Fig. 3 illustrates a processor that may be used to implement some embodiments of the 

present invention. 

Fig. 4 illustrates an exemplary functional structure model for a biomedical device for a 

biometric-based monitoring. 

Fig. 5 illustrates an exemplary fluorescence-based biometric monitoring device. 

15 Figs. 6A - 6B illustrates an exemplary colorimetric-based biometric monitoring device. 

Figs. 7A-7B illustrates an alternative biometric monitoring device. 

Fig. 7C illustrates how a spectral band may be analyzed with quantum-dot based filters. 

Figs. 8A-8C illustrates an exemplary Quantum-Dot Spectrometer in a biomedical device. 

Fig. 9A illustrates an exemplary microfluidic-based biometric monitoring device. 

20 Fig. 9B illustrates an exemplary retinal vascularization based biometric monitoring 

device. 

Fig. 10 illustrates exemplary sensing mechanisms that may be performed by an 

ophthalmic-based biometric monitoring device. 

Fig. 11A illustrates examples of devices and techniques that may be used for biometric-

25 based information communication. 

Fig. 11 B illustrates examples of directed beaming of energy to recharge biomedical 

devices. 

Fig 11C illustrates examples of area beaming of energy in some examples through 

communication signal carriers. 

30 Fig. 12 illustrates an exemplary display system within a biomedical device. 

Fig. 13 illustrates an exemplary process flow diagram for directed energy charging. 

5 



Fig. 13 A illustrates exemplary tuning steps for a directed energy charging system. 

Fig. 14 illustrates an additional exemplary process flow diagram for area based charging 

of biomedical devices. 

Fig. 15 illustrates exemplary charging for biometric-based information communication 

systems including a bed with a bedroom-based smart device. 

Fig. 16 illustrates examples of devices for sleep monitoring related sensing that may be 

used for biometric-based information communication. 

Fig. 17 illustrates exemplary charging for biometric-based information communication 

systems including an auto with an auto-based smart device. 

Fig. 18 illustrates an exemplary charging for biometric-based information communication 

systems wherein the user transits between charging locations. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Glossary 

Biometric or biometrics as used herein refers to the data and the collection of data from 

measurements performed upon biological entities. Typically, the collection of data may refer to 

human data relating to sizing, medical status, chemical and biochemical status and the like. In 

some examples, biometric data may derive from measurements performed by biosensors. In 

other examples, the measureable biological component or parameter may refer to a physiological 

characteristic such as temperature, blood pressure and the like. 

Biosensor or biological sensor as used herein refers to a system including a biological 

component or bioelement such as an enzyme, antibody, protein, or nucleic acid. The bioelement 

interacts with the analyte and the response is processed by an electronic component that 

measures or detects the measureable biological response and transmits the obtained result. When 

the bioelement binds to the analyte, the sensor may be called an affinity sensor. When the 

analyte is chemically transformed by the bioelement the sensor may be called a metabolic sensor. 

Catalytic biosensors may refer to a biosensor system based on the recognition of a molecular 

analyte by the bioelement which leads to conversion of an auxiliary substrate into something that 

may be detected. 



Haptic, haptic feedback or haptic device as used herein refers to a capability, a method or 

a device that communicates through a user's sense of touch, in particular relating to the 

perception of objects using the senses of touch and proprioception. 

Proprioception as used herein refers to the sense of the relative position of neighboring 

parts of the body and strength of effort being employed in movement. 

Biometric-based Information Communication 

Biomedical devices for biometric-based information communication are disclosed in this 

application. In the following sections, detailed descriptions of various embodiments are 

described. The description of both preferred and alternative embodiments are exemplary 

embodiments only, and various modifications and alterations may be apparent to those skilled in 

the art. Therefore, the exemplary embodiments do not limit the scope of this application. The 

biomedical devices for biometric-based information communication are designed for use in, on, 

or proximate to the body of a living organism. One example of such a biomedical device is an 

ophthalmic device such as a contact lens. 

Further enablement for biometric-based information communication may be found as set 

forth in United States Patent Application 15/006,370 filed January 26, 2016, which is 

incorporated herein by reference. 

Recent developments in biomedical devices, including for example, ophthalmic devices, 

have occurred enabling functionalized biomedical devices that can be energized. These energized 

biomedical devices have the ability to enhance a user's health by providing up-to-date feedback 

on the homeostatic patterns of the body and enhancing a user's experience in interacting with the 

outside world and the internet. These enhancements may be possible through the use of 

biomedical devices for biometrics based information communication. 

Biomedical devices for biometrics based information communication may be useful for 

projecting personalized content to a user device based on a collection of data from that user 

including information such as: online surfing and shopping tendencies, in-person shopping and 

browsing tendencies, dietary habits, biomarkers such as metabolites, electrolytes, and pathogens, 

and biometrics information such as heart rate, blood pressure, sleep cycles, and blood-sugar as 

non-limiting examples. The data collected may be analyzed and used by the user, or third-parties 
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such as medical care personnel, in order to predict future behavior, suggest changes to current 

habits, and propose new items or habits for the user. 

Biomedical Devices to Collect Biometric Data 

5 There may be numerous types of biomedical devices that may collect diverse types of 

biometric data. Some devices may correspond to remote sensors that measure and observe a 

human subject from afar, such as cameras, electromagnetic spectral sensors, scales and 

microphones as non-limiting examples. Other devices may be worn by a user in various 

manners. In some examples, smart devices may be worn and have ability to collect biometric 

10 data such as on bands on wrists, arms and legs; rings on fingers, toes and ears; contact lenses on 

eyes; hearing aids in ear canals; and clothing on various parts of the body. Other examples may 

include, implanted biomedical devices of various types such as pacemakers, stents, ocular 

implants, aural implants, and generalized subcutaneous implants. 

15 Energized Ophthalmic Device 

Referring to Fig. 1A, an exemplary embodiment of a media insert 100 for an energized 

ophthalmic device and a corresponding energized ophthalmic device 150 (Fig. IB) are 

illustrated. The media insert 100 may comprise an optical zone 120 that may or may not be 

functional to provide vision correction. Where the energized function of the ophthalmic device 

20 is unrelated to vision, the optical zone 120 of the media insert may be void of material. In some 

exemplary embodiments, the media insert may include a portion not in the optical zone 120 

comprising a substrate 115 incorporated with energization elements 110 (power source) and 

electronic components 105 (load). 

In some exemplary embodiments, a power source, for example, a battery, and a load, for 

25 example, a semiconductor die, may be attached to the substrate 115. Conductive traces 125 and 

130 may electrically interconnect the electronic components 105 and the energization elements 

110 and energization elements may be electrically interconnected such as by conductive traces 

114. The media insert 100 may be fully encapsulated to protect and contain the energization 

elements 110, traces 125, and electronic components 105. In some exemplary embodiments, 

30 the encapsulating material may be semi-permeable, for example, to prevent specific substances, 

such as water, from entering the media insert and to allow specific substances, such as ambient 
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gasses or the byproducts of reactions within energization elements, to penetrate or escape from 

the media insert. 

In some exemplary embodiments, as depicted in Fig. IB, the media insert 100 

may be included in an ophthalmic device 150, which may comprise a polymeric 

5 biocompatible material. The ophthalmic device 150 may include a rigid center, soft 

skirt design wherein the central rigid optical element comprises the media insert 100. 

In some specific embodiments, the media insert 100 may be in direct contact with the 

atmosphere and the corneal surface on respective anterior and posterior surfaces, or 

alternatively, the media insert 100 may be encapsulated in the ophthalmic device 150. 

10 The periphery 155 of the ophthalmic device 150 or lens may be a soft skirt material, 

including, for example, a hydrogel material. The infrastructure of the media insert 100 

and the ophthalmic device 150 may provide an environment for numerous 

embodiments involving fluid sample processing by numerous analytical 

techniques such as with fluorescence-based analysis elements in a non-limiting 

15 example. 

Personalized Information communication 

Various aspects of the technology described herein are generally directed to systems, 

methods, and computer-readable storage media for providing personalized content. Personalized 

20 content, as used herein, may refer to advertisements, organic information, promotional content, 

or any other type of information that is desired to be individually directed to a user. The 

personalized content may be provided by, for example, a target content provider, such as an 

advertising provider, an informational provider, and the like. Utilizing embodiments of the 

present invention, the user or a content provider may select specific content that it would like to 

25 target. The relevant information may be detected by the device, and because of the self-contained 

power of the device, computed or analyzed to produce relevant personal information. Once 

analyzed, the personalized content may then be presented to the user by the device. 

Predictive Analytics 

30 Computing systems may be configured to track the behaviors of an individual. The 

computing system may then compile one or more user specific reports based on the information 
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collected. These reports may then be sent to the user, or sent to another device to use the 

gathered information in conjunction with other behavior based reports to compile new, more in 

depth behavioral based reports. These in-depth behavior based reports may capture certain 

preferred behaviors, trends, habits, and the like for the individual which may be used to infer 

5 future preferred behaviors or tendencies. This practice may be referred to as predictive analytics. 

Predictive analytics encompasses a variety of statistical techniques 

from modeling, machine learning, and data mining that analyze current and historical facts to 

make predictions about future, or otherwise unknown, events. One example of predictive 

analytics may be that an individual has recently searched the internet for popular Caribbean 

10 destinations. The individual has also searched the internet for cheap airfare. This information 

may be compiled and used to find the cheapest all-inclusive packages to Caribbean destinations 

purchased by all internet users within the last month. 

Storage of Behavioral Information 

15 There may be a need to store behavioral information for future use. The information may 

be stored locally, on the device collecting the information, or remotely stored as computer 

readable media. Such computer readable media may be associated with user profile information 

so that the user can access and/or utilize the behavioral information on other computing devices. 

In some instances, the devices and the storage media may need to communicate with one or more 

20 other devices or storage media. 

A communication network may allow tasks to be performed remotely. In a distributed 

computing environment, program modules may be located in both local and remote computer 

storage media including memory storage devices. The computer-usable instructions form an 

interface to allow a computer to react according to a source of input. The instructions operate 

25 with other code segments to initiate a variety of tasks in response to data received in conjunction 

with the source of the received data. Fig. 2 illustrates an example of a communication network 

between devices and storage. A biomedical device 201 such as a contact lens may provide 

biometric and other type of data to the communication network. In some examples, a first user 

device 202, such as a smart phone, may be used to gather user information such as favorite 

30 websites and shopping tendencies. The first user device 202 may also receive data from the 

biomedical device and this data may be correlated with other user information. The same may be 
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accomplished by a secondary user device 204, such as a personal computer, or a tertiary device 

206, such as a tablet. Once this information is collected, it may either be stored in the device 

itself, or transferred out to an external processor 210. The external processor 210 may be, for 

example, a cloud based information storage system. The stored information may then be sent to 

5 and processed by a predictive analysis module 220 for analysis on how past user tendencies and 

events may predict future user tendencies and events. Such a module may be provided by, for 

example, an existing third-party specializing in predictive analytics. The processed information 

may then be sent back to the external processor as readily available predictor information for a 

user device. Alternatively, the processed information may be received by one or several third-

10 party content providers 232, 234, 236. Once received by a third-party content provider, the third 

party may tailor their advertising to the personality of the user. For example, a car dealership 

selling several different types of vehicles may advertise only their selection of sports cars to a 

user that has recently been surfing the internet for sports cars. This personalized content may 

then be sent directly to the user, or may be stored in an external processor 210 for later retrieval 

15 by the user. 

Storage-media-to-device communication may be accomplished via computer readable 

media. Computer readable media may be any available media that can be assessed by a 

computing device and may include both volatile and nonvolatile media, removable and non­

removable media. Computer readable media may comprise computer storage media and 

20 communication media. Computer storage media may include RAM, ROM, EEPROM, flash 

memory or other memory technology, CD-ROM, digital versatile disks (DVD) or other optical 

disk storage, magnetic cassettes, magnetic tape, magnetic disk storage or other magnetic storage 

devices, or any other medium which can be used to store the desired information and which can 

be accessed by a computing device. 

25 Communication media may include computer-readable instructions, data structures, 

program modules or other or other data in a modulated data signal such as a carrier wave or other 

transport mechanism and may include any information delivery media. A modulated data signal 

may include a signal that has one or more of its characteristics set or changed in such a manner 

as to encode information in the signal. For example, communication media may include wired 

30 media such as wired network or direct-wired connection, and wireless media such as acoustic, 
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RF, infrared, and other wireless media. Combinations of any of the above should also be 

included within the scope of computer-readable media. 

Third Party use of Behavioral Information 

5 One advantage of compiling and storing behavioral information may be its use by third 

parties for individualized content. Third parties may gain consent to access to the stored 

behavioral information for use in a variety of ways including: emergency medical response, 

personalized medicine, information communication, activity tracking, navigation, and the like. 

One or more third parties may register with the device or the network of devices via a user 

10 interface. Once registered, the third parties may communicate with the user via the network and 

may gain access to all or some, in the user's discretion, of the behavioral data stored in the 

behavioral information storage system. 

One exemplary embodiment of the disclosed personalized content display system may 

enable a device to track a user's preferred websites, spending habits, daily agenda, personal 

15 goals, and the like and store this information in a cloud. The cloud may be accessible by third 

party advertisers, and may be used by such third parties for predictive analysis. The third parties 

may predict future interesting websites, habits, proposed agendas, personal goals, and the like 

and send these proposals to the device to be viewed by the user. 

More than one personalized content provider may target the same user. In one example, 

20 the user may have preferential settings that allow only certain types of content, thereby yielding 

an optimized user experience. The personalized content may be delivered to the user in several 

ways, utilizing one or more senses including sight, sound, touch, taste, and smell. Further, the 

personalized content may be delivered to an array of devices configured for use by the user 

including biomedical devices, cell-phones, computers, tablets, wearable technology, and the like. 

25 

Environmental Data Sources 

Environmental data organized by geographic regions are readily available in network 

access manners. Weather systems organized by various providers of such data may link various 

environmental data such as temperature, humidity, pressure, precipitation, solar incidence, and 

30 other such data. Networked weather stations of individuals and companies provide refined 

geographic data on a local basis. And, advanced satellite systems provide environmental data 
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from global scale to regional scales. Finally, sophisticated modelling systems use the regionally 

recorded data and project environmental data into the future. Environmental data may in some 

examples be tied to the other types of data herein to establish a targeted communication. 

5 Diagrams for Electrical and Computing System 

Referring now to Fig. 3, a schematic diagram of a processor that may be used to 

implement some aspects of the present disclosure is illustrated. A controller 300 may include 

one or more processors 310, which may include one or more processor components coupled to a 

communication device 320. In some embodiments, the controller 300 may be used to transmit 

10 energy to the energy source placed in the device. 

The processors 310 may be coupled to a communication device 320 configured to 

communicate energy via a communication channel. The communication device 320 may be used 

to electronically communicate with components within the media insert, for example. The 

communication device 320 may also be used to communicate, for example, with one or more 

15 controller apparatus or programming/interface device components. 

The processor 310 is also in communication with a storage device 330. The storage 

device 330 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. 

20 The storage device 330 can store a program or programs 340 for controlling the processor 

310. The processor 310 performs instructions of a software program 340, and thereby operates 

in accordance with the present invention. For example, the processor 310 may receive 

information descriptive of media insert placement, active target zones of the device. The storage 

device 330 can also store other pre-determined biometric related data in one or more databases 

25 350 and 360. The database may include, for example, predetermined retinal zones exhibiting 

changes according to cardiac rhythm or an abnormal condition correlated with the retinal 

vascularization, measurement thresholds, metrology data, and specific control sequences for the 

system, flow of energy to and from a media insert, communication protocols, and the like. The 

database may also include parameters and controlling algorithms for the control of the biometric-

30 based monitoring system that may reside in the device as well as data and/or feedback that can 
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result from their action. In some embodiments, that data may be ultimately communicated 

to/from an external reception wireless device. 

In some embodiments according to aspects of the present invention, a single and/or 

multiple discrete electronic devices may be included as discrete chips. In other embodiments, 

5 energized electronic elements may be included in a media insert in the form of stacked integrated 

components. Accordingly and referring now to Fig. 4, a schematic diagram of an exemplary 

cross section of a stacked die integrated components implementing a biometric-based monitoring 

system 410 with a biometric sensing layer 411 is depicted. The biometric-based tracking system 

may be, for example, a glucose monitor, a retinal vascularization monitor, a visual scanning 

10 monitor, a GPS or location based tracking monitor, or any other type of system useful for 

providing information about the user. In particular, a media insert may include numerous layers 

of different types which are encapsulated into contours consistent with the environment that they 

will occupy. In some embodiments, these media inserts with stacked integrated component 

layers may assume the entire shape of the media insert. Alternatively in some cases, the media 

15 insert may occupy just a portion of the volume within the entire shape. 

As shown in Fig. 4, there may be thin film batteries 430 used to provide energization. In 

some embodiments, these thin film batteries 430 may comprise one or more of the layers that can 

be stacked upon each other with multiple components in the layers and interconnections there 

between. The batteries are depicted as thin film batteries 430 for exemplary purposes, there may 

20 be numerous other energization elements consistent with the embodiments herein including 

operation in both stacked and nonstacked embodiments. As a non-limiting alternative example, 

cavity based laminate form batteries with multiple cavities may perform equivalently or similarly 

to the depicted thin film batteries 430. 

In some embodiments, there may be additional interconnections between two layers that 

25 are stacked upon each 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 

required; however, in other cases the solder balls 431 may contact other interconnection 

elements, as for example with a component having through layer vias. 

30 In other layers of the stacked integrated component media insert, a layer 425 may be 

dedicated for the interconnections two or more of the various components in the interconnect 
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layers. The interconnect layer 425 may contain, vias and routing lines that can pass signals from 

various components to others. For example, interconnect layer 425 may provide the various 

battery elements connections to a power management unit 420 that may be present in a 

technology layer 415. The power management unit 420 may include circuitry to receive raw 

5 battery supply conditions and output to the rest of the device standard power supply conditions 

from the output of supply 440. Other components in the technology layer 415 may include, for 

example, a transceiver 445, control components 450 and the like. In addition, the interconnect 

layer 425 may function to make connections between components in the technology layer 415 as 

well as components outside the technology layer 415; as may exist, for example, in the integrated 

10 passive device 455. 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 425. 

In some embodiments, the technology layer 415, like other layer components, may be 

included as multiple layers as these features represent a diversity of technology options that may 

be included in media inserts. In some embodiments, one of the layers may include CMOS, 

15 BiCMOS, Bipolar, or memory based technologies whereas the other layer may include a 

different technology. Alternatively, the two layers 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 elements produced using a 

20 nanometer CMOS technology. It may be apparent that many other combinations of various 

20 electronic technology types would be consistent within the art described herein. 

In some embodiments, the media insert may include locations for electrical 

interconnections to components outside the insert. In other examples; however, the media insert 

may also include an interconnection to external components in a wireless manner. In such 

cases, the use of antennas in an antenna layer 435 may provide exemplary manners of wireless 

25 communication. In many cases, such an antenna layer 435 may be located, for example, on the 

top or bottom of the stacked integrated component device within the media insert. 

In some of the embodiments discussed herein, the energization elements which have 

heretofore been called thin film batteries 430 may be included as elements in at least one of the 

stacked layers themselves. It may be noted as well that other embodiments may be possible 

30 where the battery elements 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 
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energization component may also exist within the media insert, or alternatively these separate 

energization components may also be located externally to the media insert. In these examples, 

the functionality may be depicted for inclusion of stacked integrated components, it may be clear 

that the functional elements may also be incorporated into biomedical devices in such a manner 

5 that does not involve stacked components and still be able to perform functions related to the 

embodiments herein. In alternative embodiments, no batteries may be required in that energy 

may be transferred wirelessly through an antenna structure or similar energy harvesting structure. 

Components of the biometric-based monitoring system 410 may also be included in 

stacked integrated component architecture. In some embodiments, the biometric-based 

10 monitoring system 410 components may be attached as a portion of a layer. In other 

embodiments, the entire biometric-based monitoring system 410 may also comprise a similarly 

shaped component as the other stacked integrated components. In some alternative examples, the 

components may not be stacked but laid out in the peripheral regions of the ophthalmic device or 

other biomedical device, where the general functional inteiplay of the components may function 

15 equivalently however the routing of signals and power through the entire circuit may differ. 

Biomarkers/Analvtical Chemistry 

A biomarker, or biological marker, generally refers to a measurable indicator of some 

biological state or condition. The term is also occasionally used to refer to a substance the 

20 presence of which indicates the existence of a living organism. Further, life forms are known to 

shed unique chemicals, including DNA, into the environment as evidence of their presence in a 

particular location. Biomarkers are often measured and evaluated to examine normal biological 

processes, pathogenic processes, or pharmacologic responses to a therapeutic intervention. In 

their totality, these biomarkers may reveal vast amounts of information important to the 

25 prevention and treatment of disease and the maintenance of health and wellness. 

Biomedical devices configured to analyze biomarkers may be utilized to quickly and 

accurately reveal one's normal body functioning and assess whether that person is maintaining a 

healthy lifestyle or whether a change may be required to avoid illness or disease. Biomedical 

devices may be configured to read and analyze proteins, bacteria, viruses, changes in 

30 temperature, changes in pH, metabolites, electrolytes, and other such analytes used in diagnostic 

medicine and analytical chemistry. 
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Fluorescence-based Probe Elements for Analvte Analysis 

Various types of analytes may be detected and analyzed using fluorescence-based 

analysis techniques. A subset of these techniques may involve the direct fluorescence 

5 emission from the analyte itself. A more generic set of techniques relate to fluorescence 

probes that have constituents that bind to analyte molecules and in so alter a fluorescence 

signature. For example, in Forster Resonance Energy Transfer (FRET), probes are 

configured with a combination of two fluorophores that may be chemically attached to 

interacting proteins. The distance of the fluorophores from each other can affect the 

10 efficiency of a fluorescence signal emanating therefrom. 

One of the fluorophores may absorb an excitation irradiation signal and can resonantly 

transfer the excitation to electronic states in the other fluorophore. The binding of analytes to 

the attached interacting proteins may disturb the geometry and cause a change in the 

fluorescent emission from the pair of fluorophores. Binding sites may be genetically 

15 programmed into the interacting proteins, and for example, a binding site, which is sensitive 

to glucose, may be programmed. In some cases, the resulting site may be less sensitive or 

non-sensitive to other constituents in interstitial fluids of a desired sample. 

The binding of an analyte to the FRET probes may yield a fluorescence signal that is 

sensitive to glucose concentrations. In some exemplary embodiments, the FRET based 

20 probes may be sensitive to as little as a 10 uM concentration of glucose and may be sensitive 

to concentrations up to hundreds of micromolar. Various FRET probes may be genetically 

designed and formed. The resulting probes may be configured into structures that may assist 

analysis of interstitial fluids of a subject. In some exemplary embodiments, the probes may 

be placed within a matrix of material that is permeable to the interstitial fluids and their 

25 components, for example, the FRET probes may be assembled into hydrogel structures. In 

some exemplary embodiments, these hydrogel probes may be included into the hydrogel 

based processing of ophthalmic contact lenses in such a manner that they may reside in a 

hydrogel encapsulation that is immersed in tear fluid when worn upon the eye. In other 

exemplary embodiments, the probe may be inserted in the ocular tissues just above the sclera. 

30 A hydrogel matrix comprising fluorescence emitting analyte sensitive probes may be placed 

in various locations that are in contact with bodily fluids containing an analyte. 
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In the examples provided, the fluorescence probes may be in contact with interstitial 

fluid of the ocular region near the sclera. In these cases, where the probes are invasively 

embedded, a sensing device may provide a radiation signal incident upon the fluorescence 

probe from a location external to the eye such as from an ophthalmic lens or a hand held 

5 device held in proximity to the eye. 

In other exemplary embodiments, the probe may be embedded within an ophthalmic 

lens in proximity to a fluorescence-sensing device that is also embedded within the 

ophthalmic lens. In some exemplary embodiments, a hydrogel skirt may encapsulate both an 

ophthalmic insert with a fluorescence detector as well as a FRET based analyte probe. 

10 

Ophthalmic Insert Devices and Ophthalmic Devices with Fluorescence Detectors 

Referring to Fig. 5, an ophthalmic insert 500 is demonstrated including components 

that may form an exemplary fluorescence-based analytical system. The demonstrated 

ophthalmic insert 500 is shown in an exemplary annular form having an internal border of 

15 535 and an external border of 520. In addition to energization elements 530, powered 

electronic components 510, and interconnect features 560 there may be a fluorescence 

analytical system 550, which in certain exemplary embodiments may be positioned on a 

flap 540. The flap 540 may be connected to the insert 500 or be an integral, monolithic 

extension thereof. The flap 540 may properly position the fluorescence analytical system 

20 550 when an ophthalmic device comprising a fluorescence detector is worn. The flap 540 

may allow the analytical system 550 to overlap with portions of the user's eye away from 

the optic zone. The fluorescence-based analytical system 550 may be capable of 

determining an analyte, in terms of its presence or its concentration, in a fluid sample. As a 

non-limiting example, the fluorophores may include Fluorescein, Tetramethylrhodamine, or 

25 other derivatives of Rhodamine and Fluorescein. It may be obvious to those skilled in the 

art that any fluorescence emitting analyte probe, which may include fluorophore 

combinations for FRET or other fluorescence-based analysis may be consistent with the art 

herein. 

For a fluorescence analysis, a probe may be irradiated with an excitation light source. 

30 This light source may be located within the body of the analytical system 550. In some 

exemplary embodiments, the light source may comprise a solid-state device or devices such 
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as a light emitting diode. In an alternative exemplary embodiment, an InGaN based blue laser 

diode may irradiate at a frequency corresponding to a wavelength of 442 nm for example. 

Nanoscopic light sources as individual or array sources may be formed from metallic cavities 

with shaped emission features such as bowties or crosses. In other exemplary embodiments, 

5 light emitting diodes may emit a range of frequencies at corresponding wavelengths that 

approximate 440 nm, for example. As well, the emission sources may be supplemented with a 

band pass filtering device in some embodiments. 

Other optical elements may be used to diffuse the light source from the solid- state 

device as it leaves the insert device. These elements may be molded into the ophthalmic insert 

10 body itself. In other exemplary embodiments, elements such as fiber optic filaments may be 

attached to the insert device to function as a diffuse emitter. 

There may be numerous means to provide irradiation to a fluorescence probe from an 

ophthalmic insert device 500 of the type demonstrated in Fig. 5. 

A fluorescence signal may also be detected within the fluorescence-based 

15 analytical system 550. A solid-state detector element may be configured to detect light in 

a band around 525 nm as an example. The solid-state element may be coated in such a 

manner to pass only a band of frequencies that is not present in the light sources that have 

been described. In other exemplary embodiments, the light sources may have a duty cycle 

and a detector element's signal may only be recorded during periods when the light 

20 source is in an off state. When the duty cycle is used, detectors with wide band detection 

ability may be advantageous. 

An electronic control bus of interconnect features 560 shown schematically may 

provide the signals to the light source or sources and return signals from the detectors. The 

powered electronic component 510 may provide the signals and power aspects. The 

25 exemplary embodiment of Fig. 5, illustrates a battery power source for energization elements 

530 to the electronic circuitry which may also be called control circuitry. In other exemplary 

embodiments, energization may also be provided to the electronic circuitry by the coupling 

of energy through wireless manners such as radiofrequency transfer or photoelectric 

transfer. 
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Further enablement for the use of fluorescence detectors in biomedical devices may 

be found as set forth in United States Patent Application 14/011902 filed August 28, 2013, 

which is incorporated herein by reference. 

5 Ophthalmic Lens with Event Coloration Mechanism 

Another method of detecting analytes may be a passive coloration scheme wherein 

analytes may strictly bind to a reactive compound resulting in a color change which may 

indicate the presence of a specific analyte. 

In some embodiments, an event coloration mechanism may comprise a reactive 

10 mixture, which, for example, may be added to, printed on, or embedded in a rigid insert of 

an ophthalmic device, such as through thermoforming techniques. Alternatively, the event 

coloration mechanism may not require a rigid insert but instead may be located on or within 

a hydrogel portion, for example, through use of printing or injection techniques. 

The event coloration mechanism may comprise a portion of a rigid insert that is 

15 reactive to some component of the transient tear fluid or some component within an 

ophthalmic lens. For example, the event may be a specific accumulation of some precipitant, 

such as, lipids or proteins, on either or both the rigid ophthalmic insert and a hydrogel 

portion, depending on the composition of the ophthalmic lens. The accumulation level 

may "activate" the event coloration mechanism without requiring a power source. The 

20 activation may be gradual wherein the color becomes more visible as the accumulation level 

increases, which may indicate when the ophthalmic lens needs to be cleaned or replaced. 

Alternatively, the color may only be apparent at a specific level. In some embodiments, 

the activation may be reversible, for example, where the wearer effectively removes the 

precipitant from the hydrogel portion or the rigid insert. The event coloration mechanism 

25 may be located outside the optic zone, which may allow for an annular embodiment of the 

rigid insert. In other embodiments, particularly where the event may prompt a wearer to take 

immediate action, the event coloration mechanism may be located within the optic zone, 

allowing the wearer to see the activation of the event coloration mechanism. 

In some other embodiments, the event coloration mechanism may comprise a reservoir 

30 containing a colored substance, for example, a dye. Prior to the occurrence of the event, the 

reservoir may not be visible. The reservoir may be encapsulated with a degradable material, 
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which may be irreversibly degraded by some constituent of the tear fluid, including, for 

example, proteins or lipids. Once degraded, the colored substance may be released into the 

ophthalmic lens or into a second reservoir. Such an embodiment may indicate when a 

disposable ophthalmic lens should be disposed of, for example, based on a manufacturer's 

5 recommended parameters. 

Proceeding to Figs. 6A and 6B, an exemplary embodiment of an ophthalmic lens 600 

with multiple event coloration mechanisms 601-608 is illustrated. In some embodiments, the 

event coloration mechanisms 601-608 may be located within the soft, hydrogel portion 610 

of the ophthalmic lens 600 and outside the optic zone 609. 

10 Such embodiments may not require a rigid insert or media insert for functioning of the 

event coloration mechanisms 601-608, though inserts may still be incorporated in the 

ophthalmic lens 600 allowing for additional functionalities. In some embodiments, each 

event coloration mechanism 601-608 may be separately encapsulated within the soft, 

hydrogel portion 610 of the ophthalmic lens 600. The contents of the event coloration 

15 mechanisms 601-608 may include a compound reactive to some condition, such as 

temperature, or component of tear fluid, such as a biomarker. 

In some embodiments, each event coloration mechanism 601-608 may "activate" based 

on different events. For example, one event coloration mechanism 608 may comprise liquid 

crystal that may react to changes in temperatures of the ocular environment, wherein the 

20 event is a fever. Other event coloration mechanisms 602-606 within the same ophthalmic 

lens 600 may react to specific pathogens, for example, those that may cause ocular infections 

or may be indicative of non-ocular infections or diseases, such as keratitis, conjunctivitis, 

corneal ulcers, and cellulitis. Such pathogens may include, for example, Acanthamoeba 

keratitis, Pseudomona aeruginosa, Neisseria gonorrhoeae, and Staphylococcus and 

25 Streptococcus strains, such as S. aureus. The event coloration mechanisms 601-607 may be 

encapsulated with a compound that may be selectively permeable to a component of tear 

fluid. In some embodiments, the event coloration mechanisms 602-606 may function by 

agglutination, such as through a coagulase test, wherein a higher concentration of the 

pathogen may adhere to a compound within the event coloration mechanisms 602-606 and 

30 may cause clumping or the formation of precipitate. The precipitate may provide coloration 

or may react with another compound in the event coloration mechanisms 602-606 through a 
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separate reaction. Alternatively, the event coloration mechanisms 602-606 may comprise a 

reagent that colors upon reaction, such as with some oxidase tests. 

In still other embodiments, an event coloration mechanism 602-606 may function 

similarly to a litmus test, wherein the event coloration mechanism activates based on the pH 

5 or pOH within the ocular environment. For example, to monitor the concentration of 

valproic acid, the event coloration mechanism may contain specific proteins that would be 

able to bind to the valproic acid up to a specific concentration. The non-binding valproic 

acid may be indicative of the effective quantities within the tear fluid. The pH or pOH 

within the event coloration mechanism may increase with the increased concentration of the 

10 acid. 

Other exemplary coloration mechanisms 601 may be reactive to ultraviolet rays, 

wherein the event may be overexposure of the eye to UV light, as with snow blindness. 

Another coloration mechanism 607 may react to protein accumulation, such as described 

with Fig. 1. Some event coloration mechanisms 608 may be reversible, such as when the 

15 wearer has effectively responded to the event. For example, after a wearer has rinsed the 

ophthalmic lens 600, the level of pathogens or protein may be sufficiently reduced to allow 

for safe use of the ophthalmic lens 600. Alternatively, the coloration may be reversible on 

the eye, such as where the event is a fever and the wearer's temperature has been effectively 
lowered. 

20 As shown in cross section, the event coloration mechanisms 622, 626 may be located 

in the periphery of the ophthalmic lens 620 without altering the optical surface of the 

hydrogel portion 630. In some embodiments, not shown, the event coloration mechanisms 

may be at least partially within the optic zone 629, alerting the wearer of the event. The 

locations of the event coloration mechanisms 622, 626 may be varied within a single 

25 ophthalmic lens 600, with some in the periphery and some within the optic zone 629. The 

event coloration mechanisms 601-608 may be independently activated. For example, the 

wearer may have a fever, triggering a change in coloration in liquid crystal contained in an 

event coloration mechanism 608. Two other event coloration mechanisms 605, 606 may 

indicate high levels of S. aureus and A. keratitis, which may provide guidance on what is 

30 causing the fever, particularly where other symptoms corroborate the diagnosis. Where the 

event coloration mechanisms 601-608 serve as diagnostic tools, the coloration may not be 
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reversible, allowing the wearer to remove the ophthalmic lens 600 without losing the event 

indication. 

In some embodiments, the event coloration mechanism 608 may be coated in a 

substance with low permeability, such as parylene. This embodiment may be particularly 

5 significant where the event coloration mechanism 608 contains compounds that may be 

potentially dangerous if in contact with the eye or where the event does not require 

interaction with the tear fluid. For example, where the event is a temperature change, a 

liquid crystal droplet may be parylene coated, which may be further strengthened into a 

hermetic seal by alternating the parylene with a fortifying compound, such as, silicon 

10 dioxide, gold, or aluminum. 

For exemplary purposes, the ophthalmic lens 600 is shown to include eight event 

coloration mechanisms. However, it may be obvious to those skilled in the art that other 

quantities of event coloration mechanisms may be practical. In some examples, a 

photoactive detector may be located inside the region of the event coloration mechanism 

15 within the ophthalmic lens insert device. The photoactive detector may be formed to be 

sensitive to the presence of light in the spectrum of the coloration mechanism. The 

photoactive detector may monitor the ambient light of a user and determine a baseline level 

of light under operation. For example, since the ambient light will vary when a user's eyelid 

blinks, the photoactive detector may record the response during a number, for example ten, 

20 signal periods between blink events. When the coloration mechanism changes the color, the 

average signal at the photoactive detector will concomitantly change and a signal may be sent 

to a controller within the biomedical device. In some examples, a light source may be 

included into the photodetector so that a calibrated light signal may pass through the 

coloration device and sense a change in absorbance in an appropriate spectral region. In 

25 some examples a quantitative or semi-quantitative detection result may result from 

irradiating the coloration device and measuring a photodetection level at the photoactive 

detector and correlating that level to a concentration of the active coloration components. 

Proceeding to Figs. 7 A and 7B, an alternative embodiment of an ophthalmic lens 

700 with event coloration mechanisms 711-714, 721-724, and 731-734 is illustrated. In 

30 some such embodiments, the event mechanisms 711-714, 721-724, and 731-734 may 

include a reactive molecule 712-714, 722-724, and 732-734 respectively, anchored 
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within the ophthalmic lens 700. The reactive molecule 712-714, 732-734 may comprise a 

central binding portion 713, 733 flanked by a quencher 712, 732 and a coloration portion 

714, 734, for example, a chromophore or fluorophore. Depending on the molecular 

structure, when a specified compound binds to the binding portion 713, 733, the coloration 

5 portion 714, 734 may shift closer to the quencher 712, reducing coloration, or may shift 

away from the quencher 732, which would increase coloration. In other embodiments, the 

reactive molecule 722-724 may comprise a binding portion 723 flanked by Forster 

resonance energy transfer (FRET) pairs 722, 724. FRET pairs 722, 724 may function 

similarly to a quencher 712, 732 and chromophore (the coloration portion) 714, 734, though 

10 FRET pairs 722, 724 may both exhibit coloration and, when in close proximity to each 

other, their spectral overlap may cause a change in coloration. 

The reactive molecule 712-714, 722-724, and 732-734 may be selected to target 

specific compounds within the tear fluid. In some embodiments, the specific compound 

may directly indicate the event. For example, where a level of glucose in the tear fluid is 

15 the event, the reactive molecule 712-714, 722-724, and 732-734 may directly bind with the 

glucose. Where the event is the presence or concentration of a pathogen, for example, a 

particular aspect of that pathogen may bind with the reactive molecule 712-714, 722-724, 

and 732-734. This may include a unique lipid or protein component of that pathogen. 

Alternatively, the specific compound may be an indirect indicator of the event. The 

20 specific compound may be a byproduct of the pathogen, such as a particular antibody that 

responds to that pathogen. 

Some exemplary target compounds may include: Hemoglobin; Troponi for the 

detection of myocardial events; Amylase for the detection of acute pancreatitis; creatinine 

for the detection of renal failure; gamma-glutamyl for the detection of biliary obstruction or 

25 choleostasis; pepsinogen for the detection of gastritis; cancer antigens for the detection of 

cancers; and other analytes known in the art to detect disease, injury, and the like. 

In some embodiments, the reactive molecule 712-714 may be anchored within the 

ophthalmic lens by a secondary compound 711, for example, a protein, peptide, or aptamer. 

Alternatively, the hydrogel 702 may provide a sufficient anchor to secure the reactive 

30 molecule 722-724 within the ophthalmic lens 700. The reactive molecule 722-724 may be 

in contact with the reactive monomer mix prior to polymerization, which may allow the 
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reactive molecule 722-724 to chemically bind with the hydrogel 721. The reactive 

molecule may be injected into the hydrogel after polymerization but before hydration, 

which may allow precise placement of the reactive molecule. 

In some embodiments, tinting the anchoring mechanism may provide broader 

5 cosmetic choices. The ophthalmic lens 700 may further comprise a limbic ring or an iris 

pattern, which may provide a static and natural background or foreground to the event 

coloration mechanisms. The design pattern may be included on or within the hydrogel or 

may be included in a rigid insert through a variety of processes,, for example, printing on a 

surface of the rigid insert. In some such embodiments, the periphery event coloration 

10 mechanisms may be arranged to appear less artificial, for example through a sunburst pattern 

that may more naturally integrate into the wearer's iris pattern or an iris pattern included in 

the ophthalmic lens 700 than random dotting throughout the ophthalmic lens 700. 

In other embodiments, the reactive molecule 732-734 may be anchored to a rigid insert. 

The rigid insert, not shown, may be annular and may anchor multiple reactive molecules 

15 outside of the optic zone 701. Alternatively, the rigid insert may be a small periphery insert, 

which may anchor a single reactive molecule 732-734 or many of the same reactive 

molecules, which may allow for a more vibrant coloration. 

As illustrated in cross section, the placement of the reactive molecules 760, 780 within 

the ophthalmic lens 750 may be varied within the hydrogel 752. For example, some reactive 

20 molecules 780 may be entirely in the periphery with no overlap with the optic zone 751. 

Other reactive molecules 760 may at least partially extend into the optic zone 751. In some 

such embodiments, the reactive molecules 760 may extend into the optic zone 751 in some 

configurations of that reactive molecule 760, such as when the event has occurred, which may 

alert the wearer of the event. 

25 Further enablement for the use of fluorescence detectors in biomedical devices may be 

found as set forth in United States Patent Application 13/899528 filed May 21, 2013, which 

is incorporated herein by reference. 

Quantum-Dot Spectroscopy 

30 Small spectroscopy devices may be of significant aid in creating biomedical devices with 

the capability of measuring and controlling concentrations of various analytes for a user. For 
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example, the metrology of glucose may be used to control variations of the material in patients 

and after treatments with medicines of various kinds. Current microspectrometer designs mostly 

use interference filters and interferometric optics to measure spectral responses of mixtures that 

contain materials that absorb light. In some examples a spectrometer may be formed by creating 

5 an array composed of quantum-dots. A spectrometer based on quantum-dot arrays may measure 

a light spectrum based on the wavelength multiplexing principle. The wavelength multiplexing 

principle may be accomplished when multiple spectral bands are encoded and detected 

simultaneously with one filter element and one detector element, respectively. The array format 

may allow the process to be efficiently repeated many times using different filters with different 

10 encoding so that sufficient information is obtained to enable computational reconstruction of the 

target spectrum. An example maybe illustrated by considering an array of light detectors such as 

that found in a CCD camera. The array of light sensitive devices may be useful to quantify the 

amount of light reaching each particular detector element in the CCD array. In a broadband 

spectrometer, a plurality, sometimes hundreds, of quantum-dot based filter elements are 

15 deployed such that each filter allows light to pass from certain spectral regions to one or a few 

CCD elements. An array of hundreds of such filters laid out such that an illumination light 

passed through a sample may proceed through the array of Quantum Dot (referred to as QD) 

Filters and on to a respective set of CCD elements for the QD filters. The simultaneous 

collection of spectrally encoded data may allow for a rapid analysis of a sample. 

20 Narrow band spectral analysis examples may be formed by using a smaller number of 

QD filters surrounding a narrow band. In Fig. 7C an illustration of how a spectral band may be 

observed by a combination of two filters is illustrated. It may also be clear that the array of 

hundreds of filters may be envisioned as a similar concept to that in Fig. 7C repeated may times. 

In Fig. 7C, a first QD filter 770 may have an associated spectral absorption response as 

25 illustrated and indicated as ABS on the y-axis. A second QD filter 771 may have a shifted 

associated spectral absorption associated with a different nature of the quantum-dots included in 

the filter, for example the QDs may have a larger diameter in the QD filter 771. The difference 

curve of a flat irradiance of light of all wavelengths (white light) may result from the difference 

of the absorption result from light that traverses filter 771 and that traverses filter 770. Thus, the 

30 effect of irradiating through these two filters is that the difference curve would indicate spectral 

response in the transmission band 772 depicted, where the y-axis is labelled Trans to indicate the 
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response curve relates to transmission characteristics. When an analyte is introduced into the 

light path of the spectrometer, where the analyte has an absorption band in the UV/Visible 

spectrum, and possibly in the infrared, the result would be to modify the transmission of light in 

that spectral band as shown by spectrum773. The difference from 772 to 773 results in an 

5 absorption spectrum 774 for the analyte in the region defined by the two quantum-dot filters. 

Therefore, a narrow spectral response may be obtained by a small number of filters. In some 

examples, redundant coverage by different filter types of the same spectral region may be 

employed to improve the signal to noise characteristics of the spectral result. 

The absorption filters based on QDs may include QDs that have quenching molecules on 

10 their surfaces. These molecules may stop the QD from emitting light after it absorbs energy in 

appropriate frequency ranges. More generally, the QD filters may be formed from nanocrystals 

with radii smaller than the bulk exciton Bohr radius, which leads to quantum confinement of 

electronic charges. The size of the crystal is related to the constrained energy states of the 

nanocrystal and generally decreasing the crystal size has the effect of a stronger confinement. 

15 This stronger confinement affects the electronic states in the quantum-dot and results in an 

increase in the effective bandgap, which results in shifting to the blue wavelengths of both 

optical absorption and fluorescent emission. There have been many spectral limited sources 

defined for a wide array of quantum-dots that may be available for purchase or fabrication and 

may be incorporated into biomedical devices to act as filters. By deploying slightly modified 

20 QDs such as by changing the QD's size, shape and composition it may be possible to tune 

absoiption spectra continuously and finely over wavelengths ranging from deep ultraviolet to 

mid-infrared. QDs can also be printed into very fine patterns. 

Biomedical Devices with Quantum-Dot Spectrometers 

25 Fig. 8A illustrates an exemplary QD spectrometer system in a biomedical device 800. 

The illustration in Fig. 8A may utilize a passive approach to collecting samples wherein a sample 

fluid passively enters a channel 802. The channel 802 may be internal to the biomedical device 

800 in some examples and in other examples, as illustrated; the biomedical device 800 may 

surround an external region with a reentrant cavity. In some examples where the biomedical 

30 device 800 creates a channel of fluid external to itself, the device may also contain a pore 860 to 

emit reagents or dyes to interact with the external fluid in the channel region. In a non-limiting 
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sense, the passive sampling may be understood with reference to an example where the 

biomedical device 800 may be a swallowable pill. The pill may comprise regions that emit 

medicament 850 as well as regions that analyze surrounding fluid such as gastric fluid for the 

presence of an analyte, where the analyte may be the medicament for example. The pill may 

5 contain controller 870 regions proximate to the medicament where control of the release of the 

medicament may be made by portions of the biomedical pill device. An analysis region 803 

may comprise a reentrant channel within the biomedical pill device that allows external fluid to 

passively flow in and out of the channel. When an analyte, for example, in gastric fluid, diffuses 

or flows into the channel it becomes located within the analysis region 803 as depicted in Fig. 

10 8A. 

Referring now to Fig. 8B, once an analyte diffuses or otherwise enters the quantum-dot 

spectrometer channel which shall be referred to as the channel 802, a sample 830 may pass in the 

emission portion of a quantum-dot (QD) emitter 810. The QD emitters 810 may receive 

information from a QD emitter controller 812 instructing the QD emitters 810 to emit an output 

15 spectrum of light across the channel 802. 

In some examples, the QD emitter 810 may act based on emission properties of the 

quantum-dots. In other examples, the QD emitter may act based on the absorption properties of 

the quantum-dots. In the examples utilizing the emission properties of the quantum-dots, these 

emissions may be photostimulated or electrically stimulated. In some examples of 

20 photostimulation, energetic light in the violet to ultraviolet may be emitted by a light source and 

absorbed in the quantum-dots. The excitation in the QD may relax by emitting photons of 

characteristic energies in a narrow band. As mentioned previously, the QDs may be engineered 

for the emission to occur at selected frequencies of interest. 

In a similar set of examples, QDs may be formed into a set of layers. The layers may 

25 place the QDs between electrically active layers that may donate electrons and holes into the 

QDs. These excitations, due to the donations of electrons and holes may similarly stimulate the 

QDS to emit characteristic photons of selected frequency. The QD emitter 810 may be formed 

by inclusion of nanoscopic crystals, that function as the quantum-dots, where the crystals may 

be controlled in their growth and material that are used to form them before they are included 

30 upon the emitter element. 
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In an alternative set of examples, where the QDs act in an absorption mode a combination 

of a set of filters may be used to determine a spectral response in a region. This mechanism is 

described in a prior section in reference to Fig. 7C. Combinations of QD absorption elements 

may be used in analysis to select regions of the spectrum for analysis. 

5 In either of these types of emission examples, a spectrum of light frequencies may be 

emitted by QD emitter 810 and may pass thru the sample 830. The sample 830 may absorb light 

from some of the emitted frequencies if a chemical constituent within the sample is capable of 

absorbing these frequencies. The remaining frequencies that are not absorbed may continue on 

to the detector element, where QD receivers 820 may absorb the photons and convert them to 

10 electrical signals. These electrical signals may be converted to digital information by a QD 

detector sensor 822. In some examples the sensor 822 may be connected to each of the QD 

receivers 820, or in other examples the electrical signals may be routed to centralized electrical 

circuits for the sensing. The digital data may be used in analyzing the sample 830 based on pre­

determined values for QD wavelength absorbance values. 

15 In Fig. 8C, the QD system is depicted in a manner where the sample is passed in front of 

spectral analysis elements that are spatially located. This may be accomplished for example in 

the manners described for the microfluidic progression. In other examples, the sample 830 may 

contain analytes that diffuse inside an region of a biomedical device that encloses external fluid 

with material of the biomedical device to form a pore or cavity into which the sample may 

20 passively flow or diffuse to an analytical region that passes light from emitters within the 

biomedical device, outside the biomedical device, and again to detectors within the biomedical 

device. Figs. 8B and 8C depict such movement as the difference between the locations of the 

sample 830 which has moved from a first location 831 along the analysis region to the new 

location 832 In other examples the QDs may be consolidated to act in a single multidot location 

25 where the excitation means and the sensing means are consolidated into single elements for each 

function. Some biomedical devices such as ophthalmic devices may have space limitations for a 

spectrometer comprising more than a hundred quantum-dot devices, but other biomedical 

devices may have hundreds of quantum-dot devices which allow for a full spectrographs 

characterization of analyte containing mixtures. 

30 The QD analytical system may also function with microfluidic devices to react samples 

containing analytes with reagents containing dyes. The dye molecules may react with specific 
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analytes. As mentioned previously, an example of such a binding may be the FRET indicators. 

The dye molecules may have absorption bands in the ultraviolet and visible spectrum that are 

significantly strong, which may also be referred to as having high extinction coefficients. 

Therefore, small amounts of a particular analyte may be selectively bound to molecules that 

5 absorb significantly at a spectral frequency, which may be focused on by the QD analytical 

system. The enhanced signal of the dye complex may allow for more precise quantification of 

analyte concentration. 

In some examples, a microfluidic processing system may mix an analyte sample with a 

reagent comprising a dye that will bind to a target analyte. The microfluidic processing system 

10 may mix the two samples together for a period that would ensure sufficient complexing between 

the dye and the analyte. Thereafter, in some examples, the microfluidic processing system may 

move the mixed liquid sample to a location containing a surface that may bind to any 

uncomplexed dye molecules. When the microfluidic system then further moves the sample 

mixture into an analysis region, the remaining dye molecules will be correctable to the 

15 concentration of the analyte in the sample. The mixture may be moved in front of either 

quantum-dot emission light sources or quantum-dot absorption filters in the manners described. 

A type of fluorescent dye may be formed by complexing quantum-dots with quenching 

molecules. A reagent mixture of quantum-dots with complexed quenching molecules may be 

introduced into a sample containing analytes, for example in a microfluidic cell, within a 

20 biomedical device. The quenching molecules may contain regions that may bind to analytes 

selectively and in so doing may separate the quenching molecule from the quantum-dot. The 

uncomplexed quantum-dot may now fluoresce in the presence of excitation radiation. In some 

examples, combinations of quantum-dot filters may be used to create the ability to detect the 

presence of enhanced emission at wavelengths characteristic of the uncomplexed quantum-dot. 

25 In other examples, other manners of detecting the enhanced emission of the uncomplexed 

quantum-dots may be utilized. A solution of complexed quantum-dots may be stored within a 

microfluidic processing cell of a biomedical device and may be used to detect the presence of 

analytes from a user in samples that are introduced into the biomedical device. 

30 
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Ophthalmic Insert Devices and Ophthalmic Devices with Microfluidic Detectors 

Referring now to FIG. 9 A, a top view of an exemplary microfluidic analytical system 

950 of an ophthalmic device is depicted upon an ophthalmic media insert. In addition to 

energization elements 951, control circuitry 952, and interconnect features 953, in some 

5 embodiments, the media insert may include microfluidic analytical components 954 including 

a waste fluid retention component 955. The microfluidic analytical system 950 may be capable 

of determining an analyte/biomarker, in terms of its presence or its concentration, in a fluid 

sample. A microfluidic analytical system may chemically detect numerous analytes that may 

be found in a user's tear fluid. A non-limiting example may include detection of an amount of 

10 glucose present in a sample of tear fluid. 

Further enablement for the use of fluorescence detectors in biomedical devices may be 

found as set forth in United States Patent Application 13/896708 filed May 17, 2013, which 

is incorporated herein by reference. 

15 Ophthalmic Insert Devices and Ophthalmic Devices with Retinal Vascularization Detectors 

Referring now to FIG. 9B, a side cross-sectional representation of a patient's eye with 

an exemplary energized ophthalmic device is illustrated. In particular, an ophthalmic device 

900 taking form of an energized contact lens is illustrated resting on the cornea 906 with 

ocular fluid in at least some portions between the ophthalmic device 900 and the cornea 906. 

20 In some embodiments, the concave contour of the ophthalmic device 900 may be designed so 

that one or more piezoelectric transducers can rest directly on the cornea 906. Having the 

piezoelectric transducers resting directly on the cornea 906 may allow greater imaging detail 

as ultrasonic pulses can travel directly towards the cornea 906 from focal points 902, 910. As 

depicted in the present exemplary embodiment, the piezoelectric transducer(s) are located on 

25 the peripheral area of the energized contact lens and outside of the line of sight to prevent 

interference with vision. However, in alternative energized contact lens devices, the 

piezoelectric transducer may be located in the center region located in front of the pupil 904 

also without significantly interfering with the vision of a user. 

Accordingly, depending on the design of the ophthalmic device 900 the ultrasonic 

30 pulses may pass through the eye's crystalline lens 908 before passing through the vitreous 

humour 920 and reaching one or more retinal areas including pulsating vessels, e.g. 912 and 
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916. In some embodiments, the retinal areas may be pre-determined areas near or that include 

ocular parts serving a specific function or that can be used as a predictor of a particular 

condition including, for example, the macula 914 which may be screened for the early 

detection of peripheral vision loss, for example, age related macular degeneration. The 

5 detected electrical signal may also provide a data stream related to the users pulse and blood 

pressure as non-limiting examples. 

Further enablement for the use of ultrasonic pulse based detectors in biomedical 

devices may be found as set forth in United States Patent Application 14/087315 filed Nov. 

22, 2013, which is incorporated herein by reference. 

10 

Location Awareness 

Location awareness may be very important for biometric-based information 

communication embodiments. There may be numerous manners to establish location 

awareness. In some examples a biomedical device may function in cooperation with another 

15 device such as a smart phone. There may be a communication link established between the 

biomedical device and the other device. In such embodiments, the device such as the smart 

phone may perform the function of determining the location of the user. In other examples, the 

biomedical device may be used in a standalone manner and may have the ability to determine 

location. In a standalone manner, the biomedical device may have a communication means to 

20 interact with a computer network. There may be many ways to connect to networks and other 

network accessible devices including in a non-limiting sense Wi-Fi communication, cellular 

communication, Bluetooth communication, ZigBee communication and the like. Connections 

to networks may be used to determine location. Location may be estimated based on the 

known location of a network access device which may be accessed by the biomedical device or 

25 its associated device such as a smartphone. Combinations of network access devices or cellular 

access devices may allow for triangulation and improved location determination. 

In other examples, the biomedical device or its associated device may directly determine 

its own location. These devices may have radio systems that may interact with the global 

positioning system network (GPS). The receipt of a number of signals from satellites may be 

30 processed and algorithms used in standardized manners to determine a location of the GPS 

radio with a close accuracy. 
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By determining a location for the user to a certain degree of geographic accuracy various 

location based information communication embodiments may be enabled. 

Biometrics 

5 Biometrics specifically means the measurement of biologically relevant aspects. In 

common usage the term has come to mean the measurement of biological aspects of an 

individual that may be utilized for identification or security aspects such as finger prints, facial 

characteristics, body type and gait as examples. As used herein, biometrics refers more generally 

to biological characteristics that may be measured or analyzed with a biomedical device. In later 

10 sections of this description, numerous examples of useful biometric data for the purpose of 

biometric-based information communication are disclosed. The biometric parameter of 

temperature may be a non-limiting example. There may be numerous means to measure 

temperature on the surface of a user and in the core of a user. The measurement of temperature 

may show a deviation from normal. The measurement may be coupled with other information 

15 about the location of the user and the current ambient temperature may be obtained. If the 

biometric core temperature is low and the ambient temperature is also low, the user may be 

directed to options for preferred warm beverages or clothing. On the other hand, high 

temperatures may direct towards preferred cold beverage suppliers or clothing. A generalized 

trend towards a higher temperature unrelated to an ambient temperature rise may cause the 

20 biometric-based information communication system to enquire whether a local doctor or 

pharmacy may be desired by a user. There may be numerous information communication uses 

for measurements of such biometric data. 

Referring to Fig. 10 examples of some biometric data that may be obtained through an 

exemplary ophthalmic biomedical device type 1005 is found. In some examples an ophthalmic 

25 device may be able to measure and/or analyze one or more of the following types of biometric 

data. In some examples, an ophthalmic device may be able to detect and measure characteristics 

of a pupil in concert with an ambient light level 1010. 

In another example an ophthalmic device may be able to measure or estimate an 

intraocular pressure 1015. Further enablement for the measurement of intraocular pressure in 

30 biomedical devices may be found as set forth in United States Patent Application 14/087217 

filed Nov. 22, 2013, which is incorporated herein by reference. 
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In another example an ophthalmic device may be able to measure or estimate 

movement of a user's eye 1020 by, for example, mems based accelerometers incorporated into 

an ophthalmic lens. There may be numerous purposes for measuring eye movement such as 

the estimation of the sleep status of the user. In some examples, it may be unsafe for a user to 

be sleeping and applications may take action on such a measurement and determination. In 

other examples, a sleep status of the user may be assessed during rapid eye movement (REM) 

sleep states. The time and duration of rem sleep of a user may allow an information 

communication system to suggest doctors, sleep aids, nutritionals and the like. 

In another example, an ophthalmic device may be able to measure or estimate 

characteristics of a user's blink function 1025. There may be numerous environmental or health 

conditions which may be correlated to the blink function and a biometric-based information 

communication system may suggest products or services related to the condition. In a 

simplified example a combination of users blink function 1025 and characteristics of a pupil in 

concert with an ambient light level may evoke information communication options for various 

types of sun glasses. 

In another example, an ophthalmic device may be able to measure or estimate 

characteristics of the bioelectric signals and muscle/nerve signaling 1030. 

In another example, an ophthalmic device may be able to measure or estimate 

characteristics of the user's pulse 1035. 

In another example, an ophthalmic device may be able to measure or estimate 

characteristics of a user's blood pressure 1040 or relative blood pressure. 

In another example, an ophthalmic device may be able to measure or estimate 

characteristics of a user's temperature 1045. 

In another example, an ophthalmic device may be able to measure or estimate chemical 

characteristics of a user's eye 1050. The chemical characteristics may relate to levels of CO2 in 

the users blood or tissues, pH of tear fluid and the like. 

In another example, an ophthalmic device may be able to measure or estimate ocular 

characteristics and biomarkers for the presence of an infection 1055. 

In another example, an ophthalmic device may be able to measure or estimate 

characteristics of a user's hemoglobin and levels of oximetry of the user's blood 1060. 
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In still another example, an ophthalmic device may be able to measure or estimate the 

presence and concentration of bioavailable chemicals and proteins 1070. As a non-limiting 

example, the level of glucose in tear fluid may be assessed, or a level of glucose in intercellular 

regions such as in the sclera may be assessed. In some examples, estimates of significant 

5 divergence may cause a biometric system to suggest a medical treatment option; whereas, for 

smaller divergence from normal readings a user may be suggested a food product or service in 

the vicinity of the user. 

There may be numerous other examples of biometric readings that may be obtained and 

used in a biometric information communication system. Responses from an information 

10 communication and health perspective may be expected to evolve and become more numerous 

and sophisticated with time and experience; however, the methods and devices discussed herein 

provide the backbone and basic solutions for obtaining biometric data and communication and 

processing such data to enable the using of such data in an information communication 

perspective. 

15 Sensing Examples 

There may be numerous types of biomedical related sensing techniques that may be used 

individually or in combinations to perform sensing consistent with the present invention. Each 

may have differing needs for recharging. In some examples, sensors located beneath the skin of 

a user may desirably have wireless charging capability. Sensors worn upon or above the skin 

20 may have wireless charging capability or may be single use devices. Referring to Fig. 11 A, a 

summary of numerous exemplary types of biomedical devices may be found. The various 

ophthalmic devices 1100, such as contact lenses, intraocular devices, punctal plugs and the like, 

some of which have been described in detail herein may perform various sensing functions 

including analyzing analytes in the biofluids in the ocular environment. 

25 Contact lenses, 1101 may also be used to measure and quantify results from sensing 

devices that may be implanted into ocular tissue as has been previously mentioned herein. 

Implants into organs 1111, may include brain implants, heart implants, pacemakers, and 

other implants that are implanted into organs of the user. These implants may be able to directly 

sense or indirectly sense a user's cellular tissue layer or a fluid contacting a user's cellular tissue 

30 layer. 
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In other examples, a biomedical sensing device may be an aural sensor 1102. The aural 

sensor may indirectly sense a biometric such as temperature as an infrared signal for example. 

The aural sensor may also be able to quantify other biometrics such as blood oxygenation, 

analyte and bio-organism sensing and other such sensing. 

A dental sensor 1103 may be used to sense a variety of different types of biometric data. 

The sensor may probe the fluids in the oral cavity for biomolecules and chemical species from 

food, and the biological fluids in the environment. The sensor may also probe for indirect 

measurements of various types including in a non-limiting perspective pressures, temperatures, 

flows and sounds in the environment that may be directly or indirectly related to biometrics such 

as body temperatures, breathing rates, durations, strengths and the like. 

Vascular port sensors 1104 may be used to sense various aspects within a blood stream. 

Some examples may include glucose monitoring, oxygen monitoring or other chemical 

monitoring. Other biometrics may be monitor at a vascular port such as blood pressure or pulse 

as non-limiting examples. 

Some biometric sensors may be wearable sensors 1105. A wearable sensor 1105 may 

indirectly measure a variety of biometrics. In some examples, the sensing element may be 

independent of any body tissue or body fluid of a user. Such a sensing element may monitor 

biometrics related to the user's body as a whole, such as the amount of motion the user. Other 

wearable sensors may directly or indirectly sense or probe a user's cellular tissue layer which 

may allow measurements of temperature, oxygenation, and chemical analysis of perspiration as 

non-limiting examples. The wearable sensors 1105 may take the form of or be incorporated into 

clothing or jewelry in some examples. In other examples the wearable sensors 1105 may attach 

to clothing or jewelry. 

Various examples of biometric sensors maybe incorporated into sub-cutaneous sensors 

1106 where a surgical procedure may place a biomedical device with sensors beneath a skin 

layer of a user. The sub-cutaneous sensor 1106 may be sensitive with direct contact to tissue 

layers or to interstitial fluids. The sub-cutaneous sensor 1106 may be able to analyze for various 

analytes, such as for example with techniques described previously herein. Physical parameters 

may also be measured such as temperature, pressure and other such physically relevant biometric 

parameters. 
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Sensors may be incorporated into blood vessel or gastrointestinal stents of various kinds 

forming stent sensor 1107. The stent sensors 1107 may therefore be able to perform sensing of 

various chemical species. Stent sensors 1107 incorporated within blood vessels may be able to 

also characterize and measure physical parameters of various types. For example, a blood vessel 

5 form of stent sensor 1107 may be able to measure pressures within the vessel during heart 

pumping cycles for a physiologically relevant determination of blood vessel pressure. There may 

be numerous manners that such a pressure sensor could function with small piezoelectric sensors, 

elastomeric sensors and other such sensors. There may be numerous physical parameters in 

addition to pressure that may be monitored directly within the blood stream. 

10 A pill form biometric sensor, such as a swallowable pill 1108 may be used to provide 

biometric feedback. In some examples, the swallowable pill may incorporate pharmaceutical 

components. In other examples, the swallowable pill 1108 may simply contain biometric sensors 

of various kinds. The swallowable pill 1108 may perform analyte measurements of the 

gastrointestinal fluids that it incorporates. Furthermore, the pills may provide central core 

15 temperature measurements as a non-limiting example of physical measurements that may be 

performed. The rate of movement of the pill through the user's digestive track may also provide 

additional information of biometric relevance. In some examples, analyte sensors maybe able to 

provide measurements related to dietary consumption and nutritional aspects. 

A bandage form biometric sensor 1109 may be used to perform biometric sensing. In 

20 some examples, the bandage form biometric sensor 1109 may be similar to a wearable sensor 

1105 and perform measurements upon chemicals in the skin environment including aspects of 

perspiration. The bandage form biometric sensor 1109 may also perform physical measurements. 

In some special examples, the bandage may be in the proximity of a wound of various kinds of 

the user, and the chemical and physical measurements in the region may have a specialized 

25 purpose relating to healing. In other examples, the bandage sensor may be a useful form factor or 

environmentally controlled region for the inclusion of a biometric sensor. In some examples, the 

bandage form biometric sensor 1109 may include a self-powered electrical sensing device that 

may measure electrical signals such as components of an electrocardiogram and wirelessly 

transmit them. 

30 A biometric sensor may be incorporated within a neural implant 1110. A neural implant 

may be made into the brain of a user in some examples where it may have an active or passive 
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role. Biometric sensors incorporated with the neural implant may allow for chemical and 

physical monitoring in addition to electrical and electrochemical type measurements that may be 

unique to neural related implants. A neural implant may in fact be placed in numerous locations 

within a user's body in conjunction with nerve systems and the biometric sensing role may 

5 enhance capabilities. In some examples, a neural implant may be used to sense an electrical 

impulse at a nerve and in so doing provide a user a control aspect for aspects of the biometric 

information communication systems described herein. In an alternative sense, neural related 

implants may also provide additional means for a biometric information communication system 

to provide information to the user as a feedback element. 

10 The biometric sensor types depicted in Fig. 11A may represent exemplary types of 

sensors that may be consistent with the present invention. There may be numerous other types of 

sensors that may be consistent with the present invention however. Furthermore, there may be 

examples of sensors that combine some or all the functional aspects discussed in relation to Fig. 

11A which may be relevant. The present invention is not meant to be limited to those examples 

15 provided in Fig. 11 A. It is important to note that the various sensors are illustrated at certain 

locations but may be at any location on the body depending on specific application aspects. 

Wireless Charging of Biometric Devices 

Although there may be numerous use environments that are facilitated by wireless 

20 charging, a notable example may be a bedroom environment where sensors are used during 

sleeping. When using biometric devices for sleep sensing, ensuring that each device is storing 

or receiving sufficient power for proper operation may be an important concern. Certain devices 

may operate in close proximity to a user, or on the user's skin or clothes; as such, it may be 

possible to tether these devices to a power source, such as a wall outlet as a non-limiting 

25 example, to deliver sufficient power to the device during its operation. Even though this may be 

possible, it may still be desirable for these devices to operate untethered, so that a user's sleep is 

not impaired or interrupted by entangling themselves in these cords, or from the possible 

discomfort they might cause. In this case, it may be possible to have these devices powered by an 

internal battery or other type of energization element, where the energization element holds 

30 sufficient charge over the course of its operation, and is then charged while the user is not using 

the device. In other examples, these devices may be charged wirelessly during use as well. 
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Certain biometric devices for sleep sensing, like a subcutaneous sensor, operate within 

the user's body, and it may be desired for the operational life of the device to be significantly 

longer than the feasible runtime of a battery in the device. It may be highly undesirable to charge 

these devices through the use of wires without some form of a surgical procedure, which may be 

5 far too inconvenient and dangerous for the user with repeated use. As such, a wireless charging 

procedure may be necessary for the use of such devices, so that they may be charged without 

having to remove them from their operational location within the user's body, or otherwise 

access the devices externally. 

The idea for wireless charging or powering of electronic devices has existed since the 

10 later 1800s, with research conducted by Nikola Tesla, who was able to illuminate a fluorescent 

light bulb with an electric field. Since then, several innovations have been developed for types of 

wireless charging, including inductive charging pads, with further innovations in development. 

A notable example of wireless charging capabilities that would function well for 

biometric devices for sleep sensing may include the transmission of energy through the air using 

15 focused microwaves. This procedure functions with energy transducers that are each connected 

to a power source, like a wall outlet as a non-limiting example. Each transducer converts the 

electrical energy from the power source into a focused beam of microwave energy that is emitted 

by antennas, or through other means. Each transducer/emitter may have knowledge of the 

location of the powered/charged device, through RF communication with the powered/charged 

20 device or by other means. With this location knowledge, each beam of energy is directed towards 

the device. When multiple beams of energy meet at the device, a "pocket" of energy, which is 

essentially the region in space at which maximum power is available from the multiple sources, 

is created around the device; this energy pocket may then transfer energy into the device, which 

may be used to power the device or charge an internal energization element that may be 

25 discharged to power the device. The energy transmission rate for this type of method for 

wirelessly charging or powering devices may be dependent upon the distance between the device 

and the energy emitter; the further the distance, the lower the power that may be transmitted. 

There may also be other dependencies including, for example, the number and position of 

devices being energized or powered at the same time, the atmospheric conditions, the presence of 

30 materials that absorb the energy near or in the beaming direction of the energy and other such 

phenomena. 
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A similar wireless energy transmission method being developed is the use of ultrasonic 

waves, rather than RF. A similar wireless energy transmission method also being developed may 

use a Wi-Fi router with a boosted signal as both an emitter of power and of signal, rather than 

having an additional dedicated power emitter. Using a Wi-Fi router as a power emitter may have 

5 many benefits, including the fact that significant amounts of Wi-Fi routers have already been 

installed and employed in many buildings and locations throughout the world; as such, the 

installation and support hardware for this method is already installed in many situations and the 

existing routers may be replaced with a unit built to emit power. Because the power of this RF 

signal may be much lower than that of dedicated emitters, and the energy transmission may be 

10 constantly interrupted by data transmission, the rate of energy transmission by this method may 

be considerably lower than methods using dedicated emitters. 

Referring now to Fig. 1 IB, an illustration of wireless charging of biometric devices for 

use in a bedroom environment for sleep sensing functioning is illustrated. Two exemplary 

devices, a bandage sensor 1108 and a blood port sensor 1104 are shown being charged wirelessly 

15 in this figure; it may be noticed that any of the other devices shown in this figure may also be 

charged wirelessly with the same or similar methods. 

A wireless charging method for biometric devices for sleep sensing may charge or power 

such devices that operate on, but externally to, a user's body, such as a bandage sensor 1108. In 

some other examples, it may even be possible to charge in a directed wireless sense to devices 

20 that are underneath the skin of the user. The charged device may send location data 1120, either 

as a location value or as a signal which the charging system may triangulate upon, to an energy 

beam emitter 1122. In other examples, the device may communicate feedback to the charging 

system about the level of energy it is receiving. The charging system may scan a region of space 

and then based on feedback from the device lock in on a location where the signal strength is 

25 measured to be maximal. Multiple sources may each be adjusted in this manner as well, with the 

possible modification that the sources communicate with each other to insure independent results 

of signal versus positioning are obtained. The nature of the beam may be altered in these 

methods as well, where a larger area or width scanning beam may be first used and then made 

less wide as the location is obtained. 

30 Once location data is obtained, this location data 1120 may allow the energy beam 

emitter 1122 to deduce the location of the charged device on the user's body, relative to itself. 
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The energy beam emitter 1122 may then emit two energy beams 1121, 1123 in the direction of 

the charged device. It may be seen that more than two energy beams may also function with this 

operational schema, to deliver more power to a device. When the focused energy beams 1121, 

1123 meet at the charged device, they may form the "pocket" energy field 1140 around the 

5 charged device. This pocket energy field 1140 may wirelessly charge or power the device 

contained within. Every step of this operation schema may occur continuously as the device is 

charged or powered, so that if the relative location of the charged device to the energy beam 

emitter 1122 is changed, the energy beam emitter 1122 may be able to discern the new location 

of the device, and change where the energy beams 1121, 1123 are focused, so that the device 

10 may be continuously charged. 

A wireless charging method for biometric devices for sleep sensing may charge or power 

such devices that operate inside of a user's body, such as a blood port sensor 1104. The charged 

device may send location data 1133 to an energy beam emitter 1130. This location data 1133 

may allow the energy beam emitter 1130 to deduce the location of the charged device inside of 

15 the user's body, relative to itself. The energy beam emitter 1130 may then emit two energy 

beams 1131, 1132 in the direction of the charged device. It may be seen that more than two 

energy beams may also function with this operational schema, to deliver more power to a device. 

When the focused energy beams 1131, 1132 meet at the charged device, they form a pocket 

energy field 1141 around the charged device. This pocket energy field 1141 may wirelessly 

20 charge or power the device contained within. Every step of this operation schema may occur 

continuously as the device is charged or powered, so that if the relative location of the charged 

device to the energy beam emitter 1130 is changed, the energy beam emitter 1130 maybe able to 

discern the new location of the device, and change where the energy beams 1131, 113 2 are 

focused, so that the device may be continuously charged. 

25 Charging protocols may differ depending on the type of biomedical device and the 

amount of energy it uses and stores. In some examples, a user may be mobile moving from one 

location to another location, where some locations may be equipped to wirelessly charge devices. 

In some examples, charging may be performed by directed beaming of energy either 

electromagnetic or ultrasonic in nature. In other examples, ubiquitous sources such as a Wi-Fi 

30 carrier signal of electromagnetic energy may beam energy sufficient for a level of charging into 

the general environment. The nature of the biomedical device may influence the means of 
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charging since devices that are embedded within the skin of the user may have different 

requirements on the type of energy beaming than devices of a more remote nature to the user. 

Referring to Fig. 11C, an illustration of a power broadcasting scheme which broadcasts to 

an area is illustrated. The various exemplary biomedical devices may be the same as previous 

5 illustrations, but the power emitter 1150 may broadcast power via an area broadcast 1151. The 

area broadcast 1151 may occur over already dedicated frequencies such as those used for Wi-Fi 

broadcast. In other examples, other frequencies or energy types may be broadcast. 

Biomedical Device Display - High Energy Usage 

10 In some examples the biomedical device may have a display function. In some examples, 

a display function within an ophthalmic device may be limited to an LED or a small number of 

LED's of different color that may provide a display function to alert a user to look at another 

paired device for a purpose. The purpose may have some encoding based on the color of the 

LED that is activated. In more sophisticated examples, the display may be able to project images 

15 upon a user's retina. In a biometric-based information communication system, the display of 

imagery may have obvious utility based upon standard information communication approaches 

based on imagery. In the examples as have been provided, a measurement of a biometric data set 

may therefore trigger an exchange of data via the various communications means and a targeted 

visual communication may be communicated to the biomedical device and then displayed via a 

20 biomedical device display. 

Now referring to Fig. 12, a display 1200 within an exemplary biomedical device is 

illustrated. Item 1210 may be an ophthalmic device capable of being worn on a user's eye 

surface. It may be formed of a hydrogel-based skirt 1211 that completely surrounds in some 

embodiments, or partially surrounds or supports an insert device in other embodiments. In the 

25 depiction, the skirt 1211 surrounds a fundamentally annular insert device 1236. Sealed within the 

insert device 1236 may be energization elements, electronic circuitry for control, activation, 

communication, processing and the like. The energization elements may be single use battery 

elements or rechargeable elements along with power control systems, which enable the 

recharging of the device. The components may be located in the insert device as discrete 

30 components or as stacked integrated devices with multiple active layers. These components are 

discussed in detail above. 
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The ophthalmic device may have structural and cosmetic aspects to it including, 

stabilization elements 1260 and 1261 which may be useful for defining orientation of the device 

upon the user's eye and for centering the device appropriately. The fundamentally annular device 

may have patterns printed upon one or more of its surfaces depicted as an iris pattern item 1221 

5 and in the cross section 1230, along the line 1215, as items 1231. 

The insert device 1236 may have a photonic-based imaging system in a small region of 

the optical zone as shown as item 1240. In some examples a 64x64 pixel imaging system may be 

formed with a size roughly of 0.5 mm x 0.5 mm. In cross section, it may be observed that item 

1240 may be a photonic projection component that may comprise photonic emitter elements; an 

10 EWOD based pixel transmittance control device, a light source or multiple light sources and 

electronics to control these components. The photonic-based imaging system may be attached to 

a lens system 1250 and be connected to the annular insert component by a data and power 

interconnection bus 1241. 

In some embodiments, the lens system may be formed of static lens components that 

15 focus the near field image of the imaging system to a fixed location in space related to the body 

of the ophthalmic device. In other embodiments, the lens system may also include active 

components. For example, a meniscus based lens device with multiple electrode regions may be 

used to both translate the center of the projected image and adjust the focal power of the device 

to adjust the focus and effectively the size of the image projected. The lens device may have its 

20 own control electronics or alternatively it may be controlled and powered by either the photonic-

based imaging component or the annular insert device or both. 

In some embodiments, the display may be a 64x64 based projection system, but more or 

less pixels are easily within the scope of the inventive art, which may be limited by the size of 

the pixel elements and the ophthalmic device itself. The display may be useful for displaying dot 

25 matrix textual data, image data or video data. The lens system may be used to expand the 

effective pixel size of the display in some embodiments by rastering the projection system across 

the user's eye while displaying data. The display may be monochromatic in nature or 

alternatively have a color range based on multiple light sources. Data to be displayed may be 

communicated to the ophthalmic lens from an outside source, or data may originate from the 

30 ophthalmic device itself from sensors, or memory components for example. In some cases data 
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may originate both from external sources with communication and from within the ophthalmic 

device itself. 

Video projection devices, such as a biomedical contact lens, may be examples of 

relatively high energy usage devices. These devices may have particular relevance based on 

power distribution via wireless means as disclosed herein. 

Biometric-based Personalized Information Communication 

Various aspects of the technology described herein are generally directed to systems, 

methods, and computer-readable storage media for providing personalized content. Personalized 

content, as used herein, may refer to advertisements, organic information, promotional content, 

or any other type of information that is desired to be directed to a user. The personalized content 

may be provided by, for example, a target content provider, such as an advertising provider, an 

informational provider, etc. Utilizing embodiments of the present invention, the user or a content 

provider may select specific content that it would like to target. The relevant information may be 

detected by the device, and communicated through various communication systems to a system 

that can analyze the status and provide appropriate content. Once analyzed, the personalized 

content may then be presented to the user by the system. In some examples, the biomedical 

device may present the content to the user or in other examples, a paired device may present the 

content. 

In an example, personalized content may be presented, for example, as real time visual 

content on an ophthalmic lens, audio content transmitted to the user through a biomedical device, 

or a target content may be an experience on a secondary companion device such as a cell-phone, 

tablet, or computer. 

Calls for Medical Attention 

In the general operation of a biometric-based information communication system, 

information may be presented to a user based on the data produced by the biometric information 

communication system. The biometric data may be supplemented by data related to the location 

of the user. However, in some examples, there may be a set of biometric data conditions where 

the logical analysis of the data may be a severe health condition. Under such circumstances, the 

biometric-based information communication system may call out to emergency services or other 
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medical attention to assist the user. As the system has control of the biometric data and may 

have data relating to location, these information may also be forwarded with the communication 

to emergency services or other medical attention. 

Security Measures 

5 Biometric data may support the various functions of a biometric information 

communication system as have been described. However, biometric data may have confidential 

and legal significance. Therefore, the biomedical device and other devices along the 

communication sequence may encrypt the biometric data before transmission so that any 

interception by a third party may not result in a meaningful result. There may be numerous 

10 means to ensure the security of biometric data consistent with the apparatus and methods of 

biometric-based information communication systems as presented herein. 

Methods 

Referring to Fig. 13, a flow chart of an exemplary charging method based on directed 

energy is illustrated. It may be apparent that the flow is exemplary and certain steps may be 

15 omitted or performed in a different order than the example, and additional steps may be added at 

one or more points and be consistent with the present invention. At 1310 the method may start 

by installing a charging system capable of wireless transmission of power. Next at 1320 the 

method continues by obtaining a first device, wherein the device measures at least a first 

biometric of a user. Referring to Fig. 13 A, a set of optional steps that may be performed in 

20 addition to those found in Fig. 13 may be observed. An optional step 1321 may include 

engaging the wireless transmitter to broadcast a scan of an area of focus. At 1322 the first device 

may provide feedback by wireless communication to the wireless transmitter of received signal 

energy. At 1323 the wireless transmitter system may algorithmically process the communication 

and its set points for the scan of step 1321. Next the system at step 1324 may determine if the 

25 power transmitter settings relative to the first device are sufficient or maximized; and if not, then 

a loop 1325 to step 1321 maybe performed. Next at 1330, the method continues by measuring 

the first biometric with the first device. Next at 1340, the method continues by communicating 

the biometric data and the location data to a computing device connected to a network. Next at 

1350, the method continues by authorizing the computing device, via a signal from the first 

30 device, to obtain environmental data related to the location data. Next at 1360, the method 

continues by authorizing the computing device to initiate an algorithm to be executed to retrieve 
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targeted and individualized content based on the biometric data, the environmental data, the 

location data and a personalized preference determination calculated via predictive analysis to 

generate the targeted and individualized content. Next at 1370, the method continues by 

receiving a message comprising the targeted and individualized content to the first device. And, 

5 at 1380 the method continues by displaying the message to the user. There may be many such 

methods where additional steps are performed and where the order of specific steps may be 

altered. Next at 1390 the method continues by communicating a location of the first device to 

the charging system. And at 1395, the method continues by beaming energy to the location of 

the first device to provide power to the first device. 

10 Referring to Fig. 14 a flow chart of an exemplary charging method for area-based 

charging is illustrated. It may be apparent that the flow is exemplary and certain steps may be 

omitted or performed in a different order than the example, and additional steps may be added at 

one or more points and be consistent with the present invention. At 1410 the method may start 

by installing a charging system capable of wireless transmission of power. Next at 1420 the 

15 method continues by obtaining a first device, wherein the device measures at least a first 

biometric of a user. Next at 1430, the method continues by measuring the first biometric with 

the first device. Next at 1440, the method continues by communicating the biometric data and 

the location data to a computing device connected to a network. Next at 1450, the method 

continues by authorizing the computing device, via a signal from the first device, to obtain 

20 environmental data related to the location data. Next at 1460, the method continues by 

authorizing the computing device to initiate an algorithm to be executed to retrieve targeted and 

individualized content based on the biometric data, the environmental data, the location data and 

a personalized preference determination calculated via predictive analysis to generate the 

targeted and individualized content. Next at 1470, the method continues by receiving a message 

25 comprising the targeted and individualized content to the first device. And, at 1480 the method 

continues by displaying the message to the user. There may be many such methods where 

additional steps are performed and where the order of specific steps may be altered. Next at 

1490 the method continues by beaming energy to the area surrounding the first device and the 

user. And at 1495, the method continues by receiving energy beamed by the charging system 

30 with the first device. 
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Referring now to Fig. 15, an exemplary operational schema for a biometric-based 

biomedical device in a biometric-based information communication system utilized within a bed 

for sleep monitoring is illustrated in concert with a wireless charging system 1595. In the 

illustrated example, a user has in his or her proximity at least a first powered biomedical device 

5 1510, and in many examples a plurality of powered biomedical devices, a related smart device 

1500, and a personal device 1580, where the user and the devices are proximate to abed 1590 

that also has smart device capabilities called bed smart devices 1570. The example is provided 

to illustrate the types of examples of biometric-based information communication systems where 

multiple smart devices are employed to perform functions of the system. In some of these 

10 examples, a generic smart device such as smart device 1500 may be associated with the powered 

biomedical device 1510 in a relatively permanent connection. Alternatively, in these examples, 

the user may have a personal device 1580 that enters into communication with the biometric-

based information communication system to provide a means for the system to provide 

communication synthesized from the biometric analysis by processors of various types to the 

15 user. It may be clear that similar examples exist where a single smart device may provide the 

function of the illustrated smart device 1500 and the personal device 1580. In general, there may 

be examples where a number of different devices provide communication and processing 

pathways for biometric data and information related to synthesizing the biometric data. 

In the illustrated example, these two devices and the bed smart device 1570 may 

20 exchange information and data, and otherwise communicate with each other via communication 

links to content and storage and processing providers and personal account servers (not shown). 

In these examples, the powered biomedical device may have one or more biometric devices and 

sensors operational. In some cases, the communication capability may be based on another 

standard such as Bluetooth or ZigBee or may operate on a customized communication protocol 

25 and system. In cases where a powered biomedical device 1510 pairs with another smart device 

1500, personal device 1580, or bed smart devices 1570 it may be practical for the powered 

biomedical device to provide functionality for basic communication with the smart device as 

well as to function for acquisition of one or more types of biometric data. 

The paired smart device 1500 to the biomedical device 1510 may therefore have a 

30 complement of functions. In some examples, the smart device 1500 may have enhanced power 

storage capabilities compared to a biomedical device 1510 and therefore this may improve the 
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device's capability for computation, communication, display and other functions. In some other 

examples, the bed smart device 1570 may perform these functions. The smart device 1500 may 

have a Wi-Fi/cellular communication capability, a GPS or location sensitivity capability, and a 

display capability. Even though the biomedical device 1510 may have a significant function for 

5 the acquisition of biometric data, the smart device 1500 may nonetheless have functional sensors 

of various kinds which may be redundant to those in the biomedical device, may be 

complementary to those in the biomedical device or may relate to sensing that is not of a 

biometric data perspective. 

Similarly, the personal device 1580 may be redundantly paired to the biomedical device 

10 1510 where it may too offer a complement of functions. In some examples, the personal device 

1580 may have enhanced power storage capabilities to a biomedical device 1510 and, therefore, 

this may improve the device's capability for computation, communication, display and other 

functions. The personal device 1580 may have a display capability, an audio feedback device and 

a vibration or haptic feedback device. 

15 Even though the biomedical device 1510 may have a significant function for the 

acquisition of biometric data, the bed smart device 1570 may nonetheless have functional sensors 

of various kinds which may be redundant to those in the biomedical device, may be 

complementary to those in the biomedical device or may relate to sensing that is not of a 

biometric data perspective. As well, there may be biomedical sensors included into sheets, 

20 pillows, blankets and other portions of the bed 1590 which may interact with a user. For the 

purposes of illustration, these examples of sensors may be treated as a sensor incorporated into 

the bed smart device in some examples. In other examples, they may act as a biomedical device 

1510 may act in the exemplary illustration. 

Also similarly, the paired bed smart device 1570 to the biomedical device 1510 may also 

25 have a complement of functions. In some examples, the bed smart device 1570 may have 

enhanced power storage capabilities to a biomedical device 1510 and, therefore, this may 

improve the device's capability for computation, communication, display and other functions. 

The bed smart device 1570 may have a display capability, an audio feedback device and a 

vibration or haptic feedback device. Even though the biomedical device 1510 may have a 

30 significant function for the acquisition of biometric data, the bed smart device 1570 may 

nonetheless have functional sensors of various kinds which may be redundant to those in the 
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biomedical device, may be complementary to those in the biomedical device or may relate to 

sensing that is not of a biometric data perspective. 

The combination of the powered biomedical device 1510, smart device 1500, personal 

device 1580, bed smart device 1570 and a charging system 1595 each in a bedroom with a bed 

5 1590 may operate as a system and may have a unified communication protocol for system 

communication 1540. In this example, the smart device 1500 or personal device 1580 may 

provide the major functionality for the system communication 1540, and may operate wireless 

communication capability 1540 to a network access device. The network access device may be a 

device such as a Wi-Fi network hub or a cellular communications hub. In either event the 

10 network access device may provide the communication pathway to route data from the biometric 

information communication system 1565 to various external systems such as, in non-limiting 

examples, content and storage and processing systems that may mediate and operate connection 

to stored information and messaging content. 

The exemplary biomedical device for biometrics-based information communication may 

15 be worn by a user who is in a bed. This biomedical device may be paired with the user's 

smartphone and both may be connected to the bed and may convey information to the user 

visually with the screen or verbally with the bed's systems. Communication with the user may be 

possible with the screen of the phone, as well as its speakers, however, in some examples if the 

communication must be made to a user who is sleeping in order to wake him or her, it may be 

20 desired to facilitate this communication with the bed's systems for safety reasons. The 

biomedical device may be used to collect biometric data from the user; as a non-limiting 

example, the device may be used as a blood oximetry measurement tool. The biomedical device 

may detect that the user has low blood oxygen content when sleeping, and it may communicate 

this information to the user via the communication capabilities through the bed in some 

25 examples. In other examples, the communication may cause a change in operating conditions for 

the bed. In non-limiting examples, the tilt of the headrest of the bed may be raised; in other 

examples a CPAP machine or other breathing assist unit may have an operating parameter 

changed. There may be other operating condition information communicated to the bedroom 

smart device. 

30 In other examples, the communication of the analytical result or a biometric data may be 

used to initiate communication to the content, storage and processing systems and subsequently 
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the information that may be conveyed to the user may be tailored based on algorithmic analysis 

of the user's preferences. In some examples, such a preference may be based on previous 

experience the user may have had in some options in the region. In still further examples, the 

content system may correlate various aspects of the user and the biometric data and offer 

5 information to the user that may relate to improved aspects of sleep and breathing during sleep as 

well as other such examples. In other examples, the content system may provide a customized 

report that explains the results from biometric sensors during a prior period, such as in a morning 

email communication to the user about the previous night's results. 

Referring to Fig. 16, multiple examples of a powered biomedical device for sleep sensing 

10 1600 may include a body movement sensor 1610, an aural oximetry sensor 1620, a contact lens 

based oximetry sensor 1630, an EEG cap 1640, a glucose analyte contact lens sensor 1650, a 

contact lens based rapid eye movement sensor 1660, a dental insert based sound sensor 1670, or 

a bandage sensor 1680. One or more of these examples may be utilized in a biometric-based 

information communication system configured within a bedroom, as described in Fig. 15. In 

15 other examples, other forms of the measurement sensors may be used, such as an oximetry 

sensor built into an ear clip device. 

An example of a powered biomedical device for sleep sensing 1600 may include a body 

movement sensor 1610. During deeper stages of sleep, such as REM sleep, the human body 

undergoes various stages of muscle atonia, or a stiffness and lack of movement of the muscles, to 

20 prevent these muscles from moving during sleep; the deeper a person's sleep, the more still their 

body will be. In this way, the movement of a person's body during sleep may be indicative to 

their state of sleep. In some examples, a body movement sensor 1610 may use accelerometers to 

measure this movement. Measurements of body movement may also be used to aid in diagnosis 

of sleep disorders, or other conditions that affect sleep. In a non-limiting example, one or 

25 multiple sensors may be placed on the body in a specified area or areas, to measure movement of 

a choice region of the body as representative of the movement of the whole body, or to look at 

relative movement of multiple parts of the body, respectively. Another example of a powered 

biomedical device for sleep sensing 1600 may include an aural oximetry sensor 1620. 

Oxygen consumption is an important part of sleep, the level of which may be indicative 

30 of a user's sleep state. As the body is physically more active while awake or in lighter states of 

sleep, the level of oxygen consumption will be higher than that of deeper sleep, such as REM 
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sleep. By measuring a user's blood oxygen level, a level of oxygen consumption may be 

deduced. The difference in oxygen consumption of a human may be typically large between 

wakefulness and REM sleep, but may not between intermediate sleep states; as such oxygen 

consumption metrics may be used to attain a gross gauge of a user's sleep state (i.e. awake vs. 

5 light sleep vs. deep sleep), but may be coordinated with other sensors to determine intermediate 

sleep states of a user. An aural oximetry sensor 1620 may be placed in a user's ear or ears to 

determine a measurement of blood oxygen concentration. This sensor may use methods such as 

pulse oximetry or other light-based sensing methods, as a non-limiting example, to make these 

measurements without breaking a user's skin or contacting the blood directly. As an ear based 

10 sensor, this sensor may not only be non-invasive, but also more comfortable for sleep, as 

compared to other oximeter types. 

Apnea is a condition that many people suffer from that may be characterized by 

inconsistent breathing patterns, or by a person ceasing to breathe entirely for a period of time. 

This condition is typically associated with sleep for many individuals, and may be harmful to a 

15 person's sleep (as it may cause them to wake up every time it happens) or even quite dangerous, 

as it may cause suffocation. An oximetry based sensor may be an important sensor for 

individuals suffering from sleep apnea, as the blood oxygen level or a user may dip dangerously 

when suffocating from this condition; in these cases, the user may be alerted and woken from a 

dangerous state of sleep suffocation, or may be more subtly jostled to break them from their state 

20 of suffocation but not wake them up, as non-limiting examples. 

Another example of a powered biomedical device for sleep sensing 1600 may include a 

contact lens based oximetry sensor 1630. Oxygen consumption is an important part of sleep, the 

level of which may be indicative of a user's sleep state. As the body is physically more active 

while awake or in lighter states of sleep, the level of oxygen consumption will be higher than that 

25 of deeper sleep, such as REM sleep. By measuring a user's blood oxygen level, a level of oxygen 

consumption may be deduced. The difference in oxygen consumption of a human may be 

typically large between wakefulness and REM sleep, but may not between intermediate sleep 

states; as such oxygen consumption metrics may be used to attain a gross gauge of a user's sleep 

state (i.e. awake vs. light sleep vs. deep sleep), but may be coordinated with other sensors to 

30 determine intermediate sleep states of a user. A contact lens based oximetry sensor 1630 may be 

placed on a user's eye to determine a measurement of blood oxygen concentration. This sensor 
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may use methods such as pulse oximetry or other light-based sensing methods, as a non-limiting 

example, to make these measurements without breaking a user's skin or contacting the blood 

directly. As a contact lens based sensor, this sensor may not only be non-invasive, but also more 

comfortable for a user, as compared to other oximeter types; in many cases, a contact lens may 

5 be equipped with multiple sensors, allowing multiple biometric measurements on a user with the 

same physical device. 

Apnea is a condition that many people suffer from that may be characterized by 

inconsistent breathing patterns, or by a person ceasing to breathe entirely for a period of time. 

This condition is typically associated with sleep for many individuals, and can be harmful to a 

10 person's sleep (as it may cause them to wake up every time it happens) or even quite dangerous, 

as it may cause suffocation. An oximetry based sensor may be an important sensor for 

individuals suffering from sleep apnea, as the blood oxygen level or a user may dip dangerously 

when suffocating from this condition; in these cases, the user may be alerted and woken from a 

dangerous state of sleep suffocation. 

15 Another example of a powered biomedical device for sleep sensing 1600 may include an 

EEG cap 1640. An EEG cap may consist of a fabric cap, fitted for a human head, with multiple 

electrodes fastened or otherwise attached to the fabric. A user 1590 may affix the cap on their 

head, which places the electrodes in desired locations around the user's head. These electrodes 

function as sensors for an Electroencephalogram (EEG), or a device used may be used to read 

20 electronic signals in the brain. EEG is a common method used to diagnose sleep disorders, 

among many other types of disorders that are related to a user's 1590 neural oscillations (these 

electronic signals) and as a cap, this device may be comfortable enough for a user to use while 

sleeping. The EEG cap may act as both/either a sensor and/or a transducer, to sense the user's 

1590 neural oscillations, and/or translate and send the resulting signals to a powered biomedical 

25 device for sleep sensing 1600 in a format or method that may be interpreted and processed by the 

biomedical device or processed along with data gathered from other sensor(s). 

Another example of a powered biomedical device for sleep sensing 1600 may include a 

glucose analyte contact lens sensor 1650. 

Another example of a powered biomedical device for sleep sensing 1600 may include a 

30 contact lens based rapid eye movement sensor 1660. 
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Another example of a powered biomedical device for sleep sensing 1600 may include a 

dental insert based sound sensor 1670. 

Another example of a powered biomedical device for sleep sensing 1600 may include a 

bandage sensor 1680. 

5 Another example of a powered biomedical device for sleep sensing 1600 may include 

sensors located in bed sheets, blankets or pillows 1691. 

Referring to Fig. 17, a charging system may operate in other environments besides rooms 

such as an automotive environment. Fig. 17 illustrates exemplary charging for biometric-based 

10 information communication systems including an auto with an auto-based smart device 1770 

illustrated in concert with a wireless charging system 1795. In the illustrated example, a user has 

in his or her possession at least a first powered biomedical device 1710, and in many examples a 

plurality of powered biomedical devices, a related smart device 1700, and a personal device 

1780, where the user and the devices are proximate to an auto 1790 that also has smart device 

15 capabilities called auto smart devices 1770. The example is provided to illustrate the types of 

examples of biometric-based information communication systems where multiple smart devices 

are employed to perform functions of the system. In some of these examples, a generic smart 

device such as smart device 1700 may be associated with the powered biomedical device 1710 in 

a relatively permanent connection. Alternatively, in these examples, the user may have a 

20 personal device 1780 that enters into communication with the biometric-based information 

communication system to provide a means for the system to provide communication synthesized 

from the biometric analysis by processors of various types to the user. It may be clear, that 

similar examples exist where a single smart device may provide the function of the illustrated 

smart device 1700 and the personal device 1780. In either event the network access device may 

25 provide the communication pathway to route data from the biometric information 

communication system 1765 to various external systems such as, in non-limiting examples, 

content and storage and processing systems that may mediate and operate connection to stored 

information and messaging content. In general, there maybe examples where a number of 

different devices provide communication and processing pathways for biometric data and 

30 information related to synthesizing the biometric data. 
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Referring to Fig. 18, a charging system may operate in other environments besides 

contained locations, such as for example a "smart sidewalk." In such an environment multiple 

power transmitters 1810 and 1820 maybe located along a sidewalk. As a user 1830, with a 

chargeable device 1840, which may include a biomedical device, walks down a sidewalk, 1850 a 

5 wireless power transmitter 1810 may recognize that a new device, capable of receiving wireless 

power, has entered the area. This may be performed in some examples via RF communication by 

the transmitter polling the area similar to the interaction between a cell phone and base station. 

Once the new device is recognized communication may be established and the new device may 

next transmit its GPS location (accurate to the local accuracy prevalent) to the power transmitter 

10 system, which may occur with the same notification channel used previously. This information 

may localize the new device to a degree, but may not provide sufficient power transfer due to 

the limited GPS location accuracy. Then the wireless transmitter system may begin scanning 

1860 proximate to the GPS-provided location. In some examples the scanning may start with one 

or more wide beams. The user device may provide feedback of location and received signal 

15 strength to the transmitter. The transmitter may then adjust the beam direction and angle to 

optimize power transfer. The process can continue as the user moves down the sidewalk, an 

eventually one transmitter may hand off to another transmitter for the charging of the device. 

This handoff can be a more general aspect of the various examples in addition to a 

handoff between adjacent power transmitters, e.g. from one sidewalk segment to another or from 

20 a sidewalk to a room there may also be examples from a hall to a room in a hospital and other 

such transfers between charging environments. In some examples, information related to the user 

devices' power requirement, location, speed, and other such information could also be passed 

between adjacent transmitters. 

Although shown and described is what is believed to be the most practical and preferred 

25 embodiments, it is apparent that departures from specific designs and methods described and 

shown will suggest themselves to those skilled in the art and may be used without departing from 

the spirit and scope of the invention. The present invention is not restricted to the particular 

constructions described and illustrated, but should be constructed to cohere with all 

modifications that may fall within the scope of the appended claims. 
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What is claimed is: 

1. A method of charging a biomedical device, the method comprising: 

installing a charging system capable of wireless transmission of power; 

obtaining a first device, wherein the first device measures at least a first biometric of a 

user; 

measuring the first biometric with the first device; 

communicating data of the first biometric and location data to a computing device 

connected to a network; 

communicating a location of the first device to the charging system; and 

beaming energy to the location of the first device to provide power to the first device. 

2. A method of charging a biomedical device, the method comprising: 

installing a charging system capable of wireless transmission of power; 

obtaining a first device, wherein the first device measures at least a first biometric of a 

user; 

measuring the first biometric with the first device; 

communicating data of the first biometric and location data to a computing device 

connected to a network; 

beaming energy to an area surrounding the first device and the user; and 

receiving energy beamed by the charging system with the first device. 

3. A system for biometric-based information communication comprising: 

a biomedical device including: 

a sensing means; 

an energization device; and 

a communication means; 

a bed smart device, wherein the bed smart device is paired in a communication 

protocol with the biomedical device; 
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a communication hub, wherein the hub receives communication containing at 

least a data value from the biomedical device and transmits the communication to a 

content server; 

a charging system; and 

a feedback element. 

4. The system of Claim 3, wherein the charging system comprises multiple beaming 

antennas which focus charging energy around the biomedical device. 

5. The system of Claim 3, wherein the charging system comprises a constant area charging 

beam. 

6. The system of Claim 4, wherein the biomedical device is charged while a user is 

sleeping. 

7. The system of Claim 5, wherein the biomedical device is charged while a user is 

sleeping. 

8. The system of Claim 7, wherein the feedback element includes a vibrational transducer. 

9. The system of Claim 3, wherein the content server transmits a targeted message through a 

biometric information communication system to the feedback element. 

10. The system of Claim 3, wherein the sensing means comprises an element to monitor a 

user's breathing rate. 

11. The system of Claim 3, wherein the sensing means comprises an element to monitor a 

user's pulse. 

12. The system of Claim 3, wherein the sensing means comprises an element to monitor a 

user's intraocular pressure. 
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13. The system of Claim 3, wherein the sensing means comprises an element to monitor a 

user's eye motion. 

14. The system of Claim 3, wherein the sensing means comprises an element to monitor a 

sound of a user's snore. 

15. The system of Claim 3, wherein the sensing means comprises an element to monitor a 

user's blood glucose level. 

16. The system of Claim 3, wherein the sensing means comprises an element to monitor a 

user's blood pressure. 

17. The system of Claim 3, wherein the sensing means comprises an element to monitor a 

user's blood oxygen level. 

18. The system of Claim 3, wherein the bed smart device controls an elevation of a head of 

the bed. 

19. A method comprising: 

obtaining a first device, wherein the first device is capable to measure at least a 

first biometric of a user; 

measuring the first biometric with the first device to obtain biometric data, 

wherein the measurement occurs when the user is sleeping; 

charging the first device with a wireless charging system; 

obtaining a second device, wherein the second device is a user personal device 

including a display and a network communication device; 

authorizing a paired communication between the first device and the second 

device; 

communicating the biometric data from the first device to the second device; 

communicating the biometric data to a computing device connected to a network; 
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authorizing the computing device, via a signal from the first device, to obtain 

status data related to status of a bed from a bed smart device; 

authorizing the computing device to initiate an algorithm to be executed to 

retrieve a targeted and individualized content based on the biometric data, the bed status 

data and a personalized preference determination calculated via predictive analysis to 

generate the targeted and individualized content; 

receiving a message comprising the targeted and individualized content to the 

second device; and 

displaying the message to the user. 

20. The method of Claim 19, wherein the first device comprises a worn biomedical device. 

21. The method of Claim 20, wherein the worn biomedical device is a contact lens. 

22. The method of Claim 20, wherein the worn biomedical device is a smart ring. 

23. The method of Claim 19, wherein the second device comprises a smart phone. 

24. The method of Claim 19, wherein the second device comprises a smart watch. 

25. The method of Claim 19, wherein the first device comprises biomedical device within 

one or more of a pillow, a sheet or a blanket. 

26. A system for biometric-based information communication comprising: 

a biomedical device including: 

a sensing means; 

an energization device; and 

a communication means; 

an auto smart device, wherein the auto smart device is paired in a communication 

protocol with the biomedical device; 
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a communication hub, wherein the hub receives communication containing at 

least a data value from the biomedical device and transmits the communication to a 

content server; 

a charging system; and 

a feedback element. 

27. The system of Claim 26, wherein the charging system comprises multiple beaming 

antennas which focus charging energy proximate to the biomedical device. 

28. The system of Claim 26, wherein the charging system comprises an area charging beam. 

29. A method of charging a biomedical device, the method comprising: 

installing a charging system capable of wireless transmission of power; 

obtaining a first device, wherein the first device is the biomedical device; 

communicating a signal with the first device, wherein the signal is used to identify a 

location of the first device; 

determining the location of the first device; 

beaming energy to an area surrounding the location of the first device; and 

receiving energy beamed by the charging system with the first device. 

30. The method according to claim 29 wherein the first device is a contact lens. 

31. The method according to claim 29 wherein the first device is a bandage form biometric 

sensor. 

32. The method according to claim 29 wherein the first device is located in a room. 

33. The method according to claim 29 wherein the first device is located in an automobile. 

34. The method according to claim 29 wherein the first device is moving above a sidewalk. 
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35. A method of charging a biomedical device, the method comprising: 

installing a charging system capable of wireless transmission of power; 

obtaining a first device, wherein the first device measures at least a first biometric of a 

user; 

measuring the first biometric with the first device; 

obtaining a second device, wherein the second device measures at least a second 
biometric of the user; 

measuring the second biometric with the second device; 

communicating data associated with the first biometric and the second biometric and 

location data to a computing device connected to a network; 

beaming energy to an area proximate to the first device; 

receiving energy beamed by the charging system with the first device; 

beaming energy to an area proximate to the second device; and 

receiving energy beamed by the charging system with the second device. 

36. A system for biomedical device charging comprising: 

a biomedical device including: 

an electroactive element; 

an energization device; and 

a communication means; 

a charging system, wherein the charging system charges the biomedical device 

with wireless charging energy; and 

wherein the charging system is at least one meter in distance away from the 

biomedical device. 

37. The system of claim 36 wherein the biomedical device comprises a contact lens. 
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38. The system of claim 37 wherein the wireless charging energy is beamed from multiple 

sources. 

39. The system of claim 38 wherein the wireless charging energy is broadcast over a wide 

angle. 
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