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Bevices and Methods for a Contact Lens with an OQutward Facing Light Source

BACKGROUND
(6881} Unless otherwise indicated herein, the materials described n this section are
not prior art to the claims in this application and are not admitted to be prior art by inclusion

in this section.

[B082] A contact lens device can include a sensor for measuring an analyte, such as
glucose, in a tear film. The sensor can be an electrochemical sensor that includes a working
electrode and a counter and/or reference electrode.  An electrochemical reaction involving the
analyte can fransfer clecirons to or from the working clectrode so a8 fo generate a current
related to the concentration of the analyte. In some instances, a rcagent can be located
proximate to the working clectrode to facilitate a sclective, electrochemical reaction with the
analyte.

(6883} A contact lens device can also communicate sensor readings to an external
reader. For example, the contact fens can include an antenoa that is configured to receive
radio frequency radiation from the external reader and produce 8 backscatter signal based on

a sensor reading.
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SUMMARY

(6664} In one example, a body-mountable device is provided that comprises a
transparent material having a mounting surface and a surface opposite the mounting surface.
The device also comprises a substrate at least partially embedded in the transparent material.
The device also comprises a lght source disposed on the substrate and at least partially
embedded m the transparent material,  The hight source can be configured to emit Hght
through the surface opposite the mounting surface.  The device also comprises circuitry
disposed on the substrate. The circuitry can be configured to receive modulation instructions
and maodulate, based on the modidation instructions, the light emitted by the light source to
provide modulated light. The modulated light can be indicative of a human-discernible or

machinec-readable message from the bedy-mountabic device

(LIRS, In another cxample, a method performed by a body-mountable device is
provided. The method comprises receiving modudation instructions in the body-mountable
device. The body-mountable device includes a transparent material. The transparent material
can have a mounting surface and 2 surface opposite the mounting swrface.  The body-
mountable device further includes a substrate at least partially embedded in the transparent
material. The body-mountable device can also include a hght sowrce disposed on the
substrate. The method further comprises modulating, based on the modulation mstractions,
light emitted by the light source to provide modulated light. The method fuorther comprises
emitting the modulated light through the sorface opposite the mounting swrface. The
modulated light can be indicative of 4 human-discernible ov machine-readable message from

the body-mountable device.

(LY In another example, a method performed by a reader device is provided. The
method comprises receiving an incident signal transmitted by a body-mountable device. The

body-mountable device includes a transparent material. The transparent material can have a
2
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mounting serface and a surface opposite the moonting swrface. The body-mountable device
further inchides a subsirate at least partially embedded in the transparent material. The body-
mountabie device can also imclude a light source disposed on the substrate. The incident
signal comprises light emitted by the light source and transmitted through the swrface
opposite the mounting surface. The method firther comprises determining, based on the

incident signal, a message from the body-mountable device.
[BOG7] These as well as other aspects, advantages, and alternatives, will become
apparent to those of ordinary skill in the art by reading the following detailed description,

with reference where appropriate to the accompanying figures.
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BRIE¥ DESCRIPTION OF THE FIGURES

[6068] Figure 1 is a block diagram of an example system 100 that inchudes a body-
mountable device in wireless communication with an external reader.

16669} Figure 2A3s a bottom view of an example eyve-mountable device 210,

18614} Figure 2B is a side view of the example eve-mountable device shown in
Figure ZA.

811} Figure 2C is a side cross-section view of the example eye-mountable device
shown in Figures 2A and 2B while mounted to a corneal surface of an eye.

(3012} Figure 2D is a close-in side cross-section view enhanced to show the substrate
embedded in the transparent material, the light source, and the emitted light in the example
eye-mountable device when mounted as shown m Figure 2C.

[6813] Figure 3 is a block diagram of an example method 300 for operating a body-
mountable device, in accordance with at least some embodiments described herein

{8014} Figure 4 is a block diagram of an example method 400 for operating a body-
moumtable device via an antenna, in accordance with at least some embodiments described
herein.

16615} Figare 5A s a block diagram of an cxample system 500 with an cye-
mountabic device that includes an outward facing light source and is operated by an cxternal
reader.

8016} Figure SB is 2 block diagram of the eye-mountable device 530 described in
comnection with Figure SA.

[6a17] Figure GA is a top view of an example eye-mountable device 610.

[G018] Figure 6B is a side view of the cxample cye-mouniable device shown in

4
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Figure 6A.

18619} Figure 7A is a8 block diagram of an example system 700 with an eye-
mountable device and an external reader that are communicating via emitted light by the eye-

mountabie device and incident Hight from the external reader

G624 Figure 78 is a block diagram of the eye-mountable device 730 described in

connection with Figore 7A.

6021} Figure 8 13 a block diagram of an example method 800 for operating an
external reader to receive an incident signal transmitted by a body-moumtable device, in
accordance with at least some embodiments described herein,

18022} Figure 9 is a block diagram of an example method 900 for operating an
external reader to communicate, via light, with a body-mountabic device, in accordance with
at least some embodiments described herein.

16623} Figure 10 depicts an example computer-readable mediom  configured

according to at least some embodiments described herein

o
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BDETAILED DESCRIPTION
6624} The following detailed description describes various features and functions of
the disclosed systems and methods with reference o the accompanying figures. In the
figures, similar symbols identify similar components, unless context dictates otherwise. The
ilastrative system, device and method embodiments described hercin are not meant to be
hmiting. 1t may be readily understood by those skilled in the art that cortain aspects of the
disclosed systems, devices and methods can be arranged and combined in a wide variety of

different configurations, all of which are contemplated herein.

(6625} An electronic device may be wutilized to commumicate information to other
devices or people. The clectronic device could be a body-mountable device. In an example
embodiment, the body-mountable device is an cye-mountabic device that can be mounted to
an gye. In other examples, the body-mountable device coold be mounted to a tooth, skin, or
other body part. To conmmunicate information, the bedy-mountable device may include a light
source snd circuitry to operate the lght source. The circuitry and light source may be
situated on a substrate cmbedded in a biccompatible material that includes 3 mounting
surface, which may be used to mount the body-mountable device to an eye or other body part,
and a surface oppostic the mounting surface. The Hght source may be configured to ent
light through the surface opposite the mounting surface, so that the light is cmitted n a
direction away from the eye or other body part on which the body-mountable device may be

mounted.

[8026] The biocompatible material could be a transparent material. For example, the
light source may be arranged to emit light through the transparent material so that the lght is
visible to an exterpal device or to a person viewing the body-mountable device. Alternatively,

the biocompatible material could be a non-transparent material or counld inchide a transparent

sortion and a non-transparcnt portion. For example, the light source may be arranged so as
5 Y 5
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emit Hght through a transparent portion of the biccompatible material.

{8627} In some examples, the body-mountable device is an eye-mountable device,
and the biocompatible material is a transparent material in the form of a round lens with a
concave surface, which can be removably mounted on a corneal surface of an eye, and a
convex surface, which faces outward, away from the eye, when the concave swrface is
mounted on the comeal surface. In this example, the substrate may be embedded near the
periphery of the transparent material to avoid interforence with incident Hght received closer

to the central region of the eye. In this example, the light source can be arranged on the

substrate to face outward, away from the corneal sorface, so as to emit hght through the

convex surface and away from the eye.

16628] In some examples, the light source is cotirely embedded within the iransparent
material. In some examples, the circuitry may be configured to cause the light source to emit
modidated light that indicates a message from the body-mouontable device. For example, the
body-mountable device may include a sensor that can obtain a reading related to an analyte
concentration {e.g., a glucose concentration), temperature, ot other parametor, and the

modelated light may be indicative of the reading obtained by the sensor.

{66291 The body-mountable device can be powered via radiated energy harvested at
the body-mountable device. Power can be provided by hght energizing photovohaic cells
included in the body-mountable device. Additionally or alternatively, power can be provided
by radio frequency energy harvested from an antenna incladed in the body-mountable device.
A rectifier and/or regulator can be mcorporated in the circuitry to generate a stable DC
voltage to power the body-mountable device from the harvested energy. The antenna can be
arranged as a loop of conductive material with leads connected to the circuitry. In some
embodiments, such a loop anienna can also wirclessly commumicate between the body-

mountable device and an external reader by modifying the impedance of the loop antenna so
7
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as o modify radiation from the antenna.

{6638} The light emitted by the light source may be moedulated by the circuitry by
modifying an aspect of the Hght. For example, colov, brightness, mtensity or duration of the
light emitted by the light source may be modulated such that the modulated light is indicative
of a message. For example, the modulated light may inchide a series of Hght polses that are
mdicative of a reading of the sensor.  In another example, the color of the modulated hight
may indicate a status of the body-mountable device or a status of components included in the

body-mountable device.

16031} Within examples described herein, the body-mountable device mway also
imchide a photodetector configured to receive an incident light signal.  The received
modulation fostructions can be based on the incident Hight signal. For example, the external
reader may comprise a computing device. The computing device may emit the incident light
signal to request information from the body-mountable device. For example, the mncident
hight signal may indicate that the body-mountable device commmmicate the reading of the
sensor. The body-mountable device may be configured to modulate Hght enutted by the light
source to mmdicaie the reading of the scnsor. In some examples, the reader can include a
reader photodetector to recsive the modulated light and determine a message (e.g., the

reading of the sensor) from the body-mountable device.

16632} Some cmbodiments of the present disclosure therefore provide systems and
methods for intermittently communicating information by modulating the light emitted by the
hight source. Such an intermuttent scheme may reduce total power consumption, because the

circuitry and the light source are enly powered when the conununication is necessary.

[8033] In some embodiments, the external reader may be configured to provide radio

frequency radiation that may be harvested to power the body-mountable device. In some
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examples, the external reader may be configured to provide light that the photovoltaic cells
are configured to harvest power from.  Additionally or alternatively, the photovoltaic cells

may harvest power from ambicnt light surrounding the bedy-mountable device.

18034} Figwre 1 is a block diagram of an example system 100 that includes a body-
mountable device 110 in wireless communication with an external reader 190, The exposed

regions of the body-mountable device 110 can be made of a transparent material 120 formed
te be mounted 10 a body. In some examples, the transparcot material 120 can be contact-
mounted to the body. In other examples, the transparent material 120 can be cmbedded in the
body (¢.z., swrgically embedded, etc.). The transparent material 120 can have a mounting
surface and a surface opposite the mounting surface. A substrate 130 is cmbedded in the
transparent material 12{ to provide a mounting surface for a power supply 140, circuitry 150,
commuumtication electronics 170, and hight source 176. In some embodiments, substrate 130
further comprises a sensor 178 also mounted on the substrate 130, The power supply 140
supplics operating voltages to the circuitry 150, The circuitry 150 provides power and
conirols the communication electronics 170 and light source 176, The light source 176 is
operated by circuitry 150 to provide modalated light. The communication electromics 170 are
operated by circuitry 150 to communicate information to and/or from the body-mountable
device 110. In some embodiments, the antenna 174 is operated by circuitty 150 to
commuumcate the information to and/or from the body-mountable device 110, Additionally or
alternatively, the photodetector 172 and the light source 176 can be operated by the circuitry
150 to communicate the information to and/or from the body-mountable device 110, In some
embodiments, the sensor 178 roceives power and is alse operated by circuitry 150 to provide

a reading that may be communicated to and/or from the body-mountable device 110

16635} In some examples where the body-mountable device 110 is an eye-mountable

device configured 1o be contact-mounded 1o an eye, to facilitatc contact-mourding, the

9
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transparent material 120 can have a concave surface configured to adhere ("mount™) to a
moistened corneal surface {c.g., by capillary forces with a tear film coating the comesl
surface). Additionally or altermatively, the body-mountable device 110 can be adhered by a
vacuum force between the corneal sorface and the transparent material 120 due to a concave
curvature of the mounting surface of the body-mountable device 110, In this example, while
mounted with the concave surface against the cye, the outward-facing surface of the
transparcnt material 120 can have a convex curvature that is formed to not interfere with cye-
lid mwotion while the body-mountable device 110 1s mounted to the eye. For example, the

transparent raaterial 120 can be a curved polymeric disk shaped similarly 1o a contact lens.

18636} In some examples, the fransparent material 120 can joclude one or more
biocompaiible materials. For example, biocompatible materials employed for use in contact
lenses or other ophthalmic applications involving direct contact with a body can be used. The
transparent material 120 can optionally be formed in part from sach biccompatible materials
or can nclude an outer coating with such biccompatible materials. The transparent material
120 can optionally include materials configured to moisturize a8 surface of the body, such as
hydrogels and the ke, Tn some embodiments where the body-mountable device is an eye-
mountable device, the transparcnt material 120 can be shaped to provide a predetermined,

vision-correcting optical power, such as can be provided by a contact leps.

16037} The substrate 130 mcludes one or more surfaces suitable for mounting the
power sepply 140, circuitry 150, communication electronics 170, and light source 176, In
some embodiments, the one or more surfaces are also suitable for mounting sensor 178, The
subsirate 130 can be cmploved both as a moumting platform for chip-based circuiiry {c.g., by
flip-chip mounting to connection pads) and/or as a platform for patterming conductive
materials (e.g., gold, platinum, palladium, titanium, copper, aluminum, silver, metals, other

conductive materials, combinations of these, eic.) to create clectrodes, intercomnects,

10
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connection pads, antennae, etc. In some embodiments, through hole pads may be patterned
and/or drilled on to the substrate 130 to allow conmections between components on more than
onc side of the substrate 130, For cxample, some components like circuitry 150 and
communication electronics 170 may be disposed on one side of the sabstrate 130 and other
components like the light source 176 may be disposed on another side of the substrate 130
In some embodiments, the substrate 130 may be a swmitilayer substrate (e.g., printed circutt
board) that aliows connections between components included in the body-mountable device
110 in several layers between multiple sides of the substrate 130, In some embodiments,
substantially transparcnt conductive materials (e.g., indium tin oxide} can be paticrmed on the
substrate 130 to form circuitry 150, electrodes, ete. For oxample, the antenmna 174 can be
formed by forming a pattern of gold or ancther conductive material on the substrate 130 by
deposition, photolithography, electroplating, ete.  Similarly, intercomnects 162, 164, 166
between the circuitry 150 and the photodetector 172, antenna 174, and light source 176,
respectively, can be formed by depositing suitable patterns of conductive materials on the
substrate 130. In some embodiments, ntercomnects 168 may be similarly formed to comnnect

circuitry 150 with sensor 178,

16638} A combination of microfabrication technigues including, without limitation,
the use of photoresists, masks, deposition techniques, and/or plating technigques can be
employed to pattern matenials on the substrate 130, In some examples, the substrate 130 can
be a rigid material, such as polyethylene terephthalate ("PET”) or a flexible material, such as
polyimide or organic materials configwred to structurally support the circuitry 150 and/or
chip-based electronics within the transparent material 120, The body-mountable device 110
can alternatively be arranged with a group of unconnected substrates vather than a single
substrate. For example, the circuitry 150 can be mounted to one substrate, while the tight
source 172 is mounted to another substrate and the two can be electricaily connccted via

1
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interconnects 162.

16639} In some embodiments where the body-moumntable device 110 is an eye-
mowntable device, the substrate 130 {(and other components included in the body-mountable
device 110} can be positioned away from the center of the bedy-mountable device 110 and
thereby avoid nterference with hight transmission to the central, light-sensitive region of the
eve (e.g., avoid ficld of view of the eye). For example, where the body-mountable device 110
is shaped as 2 concave-curved disk, the substrate 130 can be embedded around the periphery
{c.g., near the outer circumference) of the disk. In some embodiments, however, the substrate
130 can be positioned in or near the central region of the body-mountable device 110, For
exarnaple, the body-mountable device 110 can be 2 tooth-mounted device, and the substrate
130 can be cmbedded in any location inside the transparent material 120, Additionally or
alternatively, the substrate 130 (and other components included in the eye-mountable device
110) can be substantially transparent to incoming visible light to mitigate interference with
light fransmission to the body. For example, the bedy-mountable deviee 110 can be a skin-
mounted device, and the substrate 130 can be substantially transparent to allow sunlight to

reach the skin.

66448 In some embodiments, the substrate 130 can be shaped as a flattened ring with
& radial width dimension sufficicnt to provide a mounting platform for embedded electronics
components. The substratc 130 can have a thickness sufficiently small to aliow the substrate
130 to be embedded in the transparent material 120 withowt influencing a shape of the body-
mountable device 119, The substrate 130 can have a thickness sufficiently large to provide
structural stability soitable for supporting eclectronics mounted thereon. For example,
substrate 130 can be shaped as a ring with a diameter of about 10 millimeters, a radial width
of about 1 millimeter {e.g., an outer radins 1 millimeter larger than an mmer radius), and a

thickness of about 50 micrometers. However, the diameter, radial width and thickness values

12
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are provided for explanatory purposes only. In some embodiments, the dimensions of the
substrate 130 can be selected according to the sive and/or shape of the body-mountable
device 110, The substrate 130 can optionally be aligned with a curvature of a surface of the

body-mountable device 110,

6841} The power supply 140 is configured to harvest energy to power the circuiiry
1530, communication electronics 170, and light source 176, In some embodiments, power
supply 140 may alse be configured to power sensor 178, For example, a radio-frequency

nergy-harvesting antenna 142 can capture encrgy from incident radic radiation. Additionally

[¢]

or alternatively, photovoltaic cell(s) 144 (e.g., solar celis) can capture encrgy from tncoming
ultraviolet, infrared, visible, and/or invisible radiation. 1In some embodiments, the incident
radio radiation and/or incoming radiation may be ambient radiation in swrroundings of the
body-moontable device 110, Additionally or alternatively, the incident radio radiation and/or
meoming radiation may be from the external reader 190, Furthermore, an inertial power
scavenging system can be included to capture energy from ambient vibrations. The energy
harvesting antenna 142 can optionally be a dual-purpose anienna that s also used to
communicate mformation from/o the external reader 180, That is, the functions of the
antenna 174 and the encrgy harvesting antenna 142 can be accomplished with a same

physical antenna.

168421 In one example, a rectificr/regulator 146 can be used to condition captured
encrgy to a stable DC supply voltage 148 that is supplied to circuitry 150, For example, the
encrgy harvesting antenna (42 can receive incident radio frequency radiation.  Varying
clecirical signals on the leads of the cnergy harvesting autenna 142 arc output to the
rectifier/reguolator 146, The rectifier/regulator 146 rectifics the varying electrical signals to a
BC voltage and regulates the rectified DC voltage to a level suitable for operating circuitry

150, Additionally or alternatively, output voltage from the photovoltaic cellis) 144 can be

1
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regulated to a level suitable for operating the circuitry 150, The rectifierfregulator 146 can
mchide one or more energy storage devices to mutigate high frequency variations in the
energy harvesting antenna 142 and/or photoveltaic ccli(s) 144, For example, one or more
energy storage devices (e.g., capacitors, inductors, etc.) can be connected with the outputs of
the rectifier/regulator 146 to regulate the DC supply voltage 148 and/or configured to

function a8 a low-pass filier.

[6043] The cireuitry 150 is activated when the DC supply voltage 148 is provided to
the circuiiry 150, and the logic in the circuitry 150 operates the communication clectronics
170 to interact with external reader 190, In some embodiments, the logic in circuitry 150 alse
operates sensor 178 10 obtain a reading of the sensor 178, The circuitry 150 can include logic
circoitry configured to receive modulation instructions and countrol light source 176 to
provide modelated emitted light 186 based on the modulation instructions.  Additionally or
alternatively, the circoitry 150 may be configured 1o receive the modulation instructions

through interaction with the photodetector 172, antenna 174 and/or sensor 178,

8044} I one example, the cireuitry 150 includes a photodetector interface 152 that is
configured to operate photodetoctor 172 that may be included in the communication
clectronics 170, The photodetector 172 can be, for example, an active pixel sensor (APS),
charge-coupled device (CCD), eryogenic detector, photediode, photoresistor, phototransistor,
camera, or any other sensor of light configured to provide a signal through interconnects 162
mdicative of mcident light 182 on the body-mountable device 110, The mcident Light 182
may be visible hight or invisible hght (ultraviolet, infrared, etc.). The incident hght 182
detected by the photedetector 172 may be indicative of 2 message or of the modulation
mstructions for the light source 176 mcluded i the body-mountable device 110. For example,
the circuitry 150 may modulate Hight emitted by Hght source 176 based on the message. In

other examples, the circuitry 150 muay control components fncluded i the substrate 130 based

14
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on the message.

(6645} In some instances, the circuitry 150 may include an antenma interface 154 that
is configared to operate anterma 174 included in the communication electronics 170 to send
and/or receive information via antenna 174. The antenna interface 154 can optionally include
one or more oscillators, mixers, frequency mjectors, ete. to modulate and/or demodulate
mformation on a carrier frequency to be transnutted and/or received by the antenna 174, In
some cxamples, the body-mountable device 110 is configured to indicate an output from
sensor 178 by modulating an impedance of the antenna 174 in a manner that is perceivable by
the external reader 190. For example, the antenna interface 154 can cause variations in the
amplitude, phase, and/or frequency of radio frequency radiation (RF radiation} 184 from the
antenna 174, and such variations can be detected by the reader 190, RF radiation 184 may
also include radiation from the reader 190 to the antenma 174, In some examples, the body-
mountable device 110 1s configured to receive RE radiation 184 from the reader 190 that is
indicative of & message or of the modulation mstructions for the light source 176, For

oy
i
i

example, circoitry 150 may modulate light emitted by light source 176 based on the message.
In other examples, the circuitry 150 may control components included n the substrate 130

based on the message. The antenna interface 154 can be comnected to antenna 174 via

interconnects 164,

140467 The circuitry 150 can also inchide a modulation interface 156 for modulating
hight emitted by light source 176, The light emited by light source 176 could be visible Hght
or mvisible light (ultraviolet, nfrared, etc.). The circuitry 150 can inclade logic elements
and/or controliers implemented in an integrated circuit to form the modulation nterface 156.
For example, the modulation interface 156 can modify an aspect of the cmitted light 186 by
hight source 176 like color, brightness, intensity, or duration of the emitted light to provide

7
/

modulated light. The light source 176 may include one or more tight cmitting diodes (LED),

15
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vertical cavity surface emitting lasers (VUSEL), organic light emitting diodes (OLED), hqud
crystal displays (LCD), microclectromechanical systems (MEMS), or any other device
configured to sclectively transmit, reflect, and/or emit light according to information from the
moddation interface 156 via the interconnects 166 to provide the modvdated emitted hight
186, In some examples, the modulation interface 156 can include one or morve data lincs
providing programuaing information to separately prograsuned pixels m the light source 176,
In some cxamples, the light source 176 may also include one or more optical clements to
direct the emitted hight 186 through the surface opposite the mounting surface of the
transparent matorial 120. 1o examples where the body-mountable device 110 is an cye-
mountable device, the light source 176 disposed on the substrate 130 can be configured to
emit light through the convex surface {c.g., surface opposite the mounting sorface) of the
transparent material 120 and away from a corneal surface of an eye when the concave surface
{e.g., the mounting surface) of the transparent material 120 is mounted on the corneal surface

of the eve.

{8047} The circuitry 150 can optionally include a sensor interface 158 for operating a
sensor 178, The sensor 178 can be, for example, 4 bio-sensor configured to measure an
analyte in a tear film. For cxample, the scosor 178 can be a glucose sensor configured to
provide a reading relating to glucose level in the tear filme In some examples, the sensor 178
may measure other biclogical information like blood pressure, temperatore, heart rate or
psychological state of the user of the body-mountable device 10, For example, the sensor
178 can be configured to measwre a frequency of eye-blinks to determine the psychological
state of the user. In another example, the sensor 178 can be configured to measure the
concentration of an analyte in saliva {¢.g., where the body-mountable device 110 s a tooth-
mounted device). In some examples, the sensor 178 may measure aspects of & surrounding
environment of the user. For example, the sensor 178 may measure the ambicnt light
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mtensity or huomidity of the surrounding environment. In some examples, the received
modalation mstructions may be based on the reading of the sensor. For exanple, the circuitry
150 may be configured to modulate the intensity of the emitted fight 186 by the light source
176 according to the ntensity of ambient Hght indicated by the reading of the sensor 178, In
other examples, the modulated emitted light 186 may be indicative of the reading of the
sensor (e.g., red celor may indicate high glucose level, blue color may jndicaie low glucose

level, etc.).

[8048] The circuitry 130 is connected to the communication electronics 170 via
imterconnects 162 and 164, For example, where the circuitry 150 includes logic clements
implemented in an integrated civcuit to form the photodetector 172 and/or the antenna 174, a
patterned conductive material {e.g., gold, platinum, palladium, titanium, copper, aluminum,
silver, metals, combinations of these, etc.) can connect a terminal on the chip to
communication electronics 170, Similarly, the circuitry 150 can be connected to the light
source 176 via interconnects 166, In some embodiments, the circuitry 150 can be similarly

connecied to the sensor 178 via interconnects 168,

(68491 it is noted that the block diagram shown in Figure 1 is described in connection
with functional modules for convenience n description. However, embodiments of the body-
mountable device 110 can be arranged with one or more of the functional modules
{(“subsystems™) implemented in a single chip, integrated circuoit, and/or physical component.
For example, while the rectifier/regulator 146 is llustrated in the power supply block 140, the
rectifier/regulator 146 can be implemented in a chip that also includes the logic clements of
circuitry 150 and/or other featares of the cmbedded clectronics in the body-mountablc device
110. Thus, the DC supply voltage 148 that is provided to the circuitry 150 from the power
supply 140 can be a supply vohage that 1s provided to components on a chip by rectifier

and/or regulator 146 conponents located on a same chip. That is, the functional blocks in
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Figiwe 1 shown as the power supply block 140 and circuntry block 150 need not be
implemented as physically separated modules. Morcover, one or more of the fumctional
modules described in Figore 1 can be implemented by separately packaged chips clectrically

comnected to one another.

8056} Additionally or aliernatively, the energy harvesting antenna 142 and the
antenna 170 can be implemented with the same physical antenna.  For example, a loop
antenna can both barvest incidend radiation for power genemation and communicate

imformation via backscatter radiation.

(6651} The external reader 190 can be a smart phone, digital assistant, head-mounted
computing device (e.g., eye glasses with computing capability), or other computing device
with wircless connectivity sufficient to provide the RF radiation 184 and/or the incident light
182, The external reader 190 can also be implemented as an antenna modole and/or light
souree modale that can be plugged in to a computing device, such as in an example where the
RF radiation 184 operates at carrier frequencies not commonly employed in computing
devices, or in an cxample where the computing device does vot include  light source. The
external reader 190 can also be configured to receive the emitted light 186 from the body-
mountable device 110 via a reader photodetector 196, In some instances, the external reader
190 is & special-purpose device configured to be worn relatively near a wearer’s body to
aliow communication via the RF radiation 184 and/or the incident light 182 to operate with a
fow power budget. For example, the external reader 190 can be integrated in a picce of
jewelry such as a necklace, earing, ete. or integrated in an article of clothing worn near the

head, such as a hat, headband, eyeglasses, otc.

{6852} In an cxamplc where the body-mouniable device 110 includes the
photodetector 172, the external reader 190 may mchuide a reader Hght source 192 configared

to provide modulated incident hight 182 to the eye-mountable device 110, For example, the
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modelated incident Hght 182 may mdicate the reccived modulation instructions to the
cireuitry 150 such that the circoitry 150 modulates the enutted Hght 186 based on the
received modulation instructions. In another example, the modulated incident light 182 may
meclade mstroctions to the body-mountable device 110 to obtain a reading of the sensor 178,
Thus, in this example, the circuitry 150 may be configured to modudate the emitted hight 186
to provide modulated light indicative of the reading of the sersor.  In some examples, the
reader 190 can include the reader photodetector 196 fo receive the modulated emitted light
186 and determine the reading of the sensor based on the modulated emitted hight 186. In
some exaroples, the modulated incident light 182 may be indicative of a status of the reader
190 or components mcluded in the reader 190, In other examples, the modulated emitted
light 186 may be indicative of a status of the body-mountable device 110 or a status of
components included n the body-mountable device 110, For example, the status of
photovoliaic cellis) 144 may be indicated by the modulated emitted hight 186, In some
examples, the cxternal reader 190 can provide light to the photovoltaic cell(s) 144 included in
the body-mountable device 110 that are configured to harvest the light to provide power to

the body-mountable device 110

18653} In an example where the body-mountable device 110 includes an antenna 174,
the external reader 190 may include & reader antenna 194 configured to send and/or receive
mformation from the body-mountable device 110 via the RF radistion 184. For example, the
antenna 174 may be configured to send mformation pertaining to the reading of the sensor
178 through RF radiation 184, Thus, the RF radistion 184 may be received by the reader
antenna 194 and the reading of the sensor 178 may be determined by the reader 190 based on
the RF radiation 134, In some examples, the reader antenna 194 may transmit information to
the body-mountable device 110 via the RF radiation 184, In some examples, the external
reader 190 may provide the RF radiation 184 to the energy harvesting antenna 142 included
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in the body-mountable device 110 that is configured to harvest the RF radistion 184 to

provide power to the bodv-mountable device 110,

166354} The external reader 190 can include a processor 198 configured to control
reader light source 192, reader auntenna 194, and reader photodetector 196 o perform the
functions described in the examples included n the present disclosure. For example, the
processor 198 may be configured to modulate Hght from the reader Hght source 192 to

provide the modulated incident light 182,

[B055] In some embodiments, the system 100 can operatc to non-countinuously
{(“intermittontly”) supply encrgy to the body-mouniable device 110 to operate the power
sapply 140. For example, meident light 1832 and/or RF radiation 134 can be suppled to
power the eye-mountable device 110 long enough to obtain a reading by the sensor 178 and
wirclessly commmnunicate the reading via emitted light 186 and/or RF radiation 184 to the
external reader 190, In such an example, the incident light 182 and/or the RE radiation 184
can be considered an interrogation signal from the extemnal reader 190 to the body-mountable
device 110 to request a reading. By periodically interrogating the body-mountable device
118 (e.g., by supplying the incident light 182 and/or RF radiation 184 to tomporarily tumn the
device on), the external reader 199 can accumulate a series of readings without contimaously

powering the body-mountable device 110,

16656) Figure 2A 18 a bottors view of an example cye-mountable device 210 (“body-
mountabic device”). Figure 2B is a side view of the example eye-mountable device 210
shown in Figure 2A. Tt is noted that the relative dimensions i Figores 2A and 2B are not
necessarily to scale, but have been rendered for purposes of explanation only in deseribing
the arrangement of the example cye-mouniable device 210. The eye-mountabie device 210
can be formed of a transparent material 220 shaped as a cuwrved disk. The transparent

material 220 can allow incident Hght {(c.g., ficld of view of the eye) to be transmitied to the
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eye while the eye-mountable device 210 15 mounted to the eye. In some examples, the
transparent material 220 can be a biocompatible polymeric material similar to those
employed to form vision correction and/or cosmetic contact lenses in optometry, such as
polyethylene terephthalate {PET), polymethyl methacrylate {PMMA),
polyhvdroxyethylmethacrylate (polyHEMA), silicone hydrogels, combinations of these, ete.
The transparent material 220 can be formed with one side having a concave surface 226 (e.g.,
“mounting surface”, botiom-view surface shown in Figure 2A, cic.) suitable to it over a
corneal surface of the eye. The opposite side of the disk can have a convex surface 224
(“surface opposite the mounting surface”) that does not interfere with eyelid motion while the
eye-mountable device 210 is mounied to the eye. A circular outer side edge 228 can connect

the concave surface 224 and the convex surface 226.

(8857} The eve-mountable device 210 can have dimensions similar t¢ a vision
correction and/or cosmetic contact lenses, such as a diameter of approximately 1 centimeter,
and a thickness of about 0.1 to about 0.5 nullimeters. However, the diameter and thickness
valugs are provided for cxplanatory purposes only. In some embodimenis, the dimensions of
the eve-mountable device 210 can be selected according to the size and/or shape of the

corneal surtace of the wearer’s eye.

16658] The transparent material 220 can be formed with a curved shape in 2 variety of
ways. For example, techniques similar (o those employed to form vision-correction contact
fenses, such as heat molding, injection molding, spin casting, ete. can be employed to form
the transparent material 220, When the eye-mountable device 210 is mounted to an eve, the
convex surface 224 faces outward to an ambient environment while the concave surface 226
faces inward, toward the corneal surface. The convex surface 224 can therefore be
considered an outer, top surface of the cye-mountable device 210 whereas the concave

surface 226 can be considered an wmer, bottom surface. The “bottony” view shown in Figure

21



WO 2014/209755 PCT/US2014/043217

2A is facing the concave surface 226.

[665%9] A substrate 230 is embedded in the transparemt material 220. In some
exanples, the substrate 230 can be embedded to be along an outer periphery of the
transparent material 220, away from a contral region of the cye-mountabie device 210, Thus,
i this example, the sobstrate 230 does not nterfere with vision because it is too close to the
eye to be in focus and 18 positioned away from the central region where ambient hight is
transmitted 1o cye-sensing portions of the eye. In some cxamples, the substrate 230 can be

formed of a transparent material to further mitigate offects on visual perception.

{6868 The substratc 230 can be shaped as a flat, circular ving {e.g., a disk with a
centered hole). The flat surface of the sobstrate 230 (c.g., along the radial width) is a
platform for mounting clectronics such as chips {e.g., via thp-chip mounting) and for
patterning  conductive  materials  {e.g., via microfabrication tochmniques such  as
photolithography, deposition, plating, ectc) to form electrodes, antenma{e), and/or
mierconnections. In some examples, the substrate 230 and the transparent material 220 can
be substantially eylindrically symmetric about a common central axis. The substrate 230 can
have, for example, 3 dismeter of about 10 millimeters, 3 radial width of about 1 millimeter
{c.g., an outer radius | millimeter greater than an ner radius), and a thickness of about 50
micrometer. However, these dimensions are provided for exanple purpeses only, and in go
way limit the present disclosure. The substrate 230 can be implemented in a varicty of
different form factors, similar to the discussion of the substrate 130 in connection with Figure

1 above,

8061} Circutiry 250, a loop antenna 274 and a sensor 278 are disposed on a side of
the substrate 230 that is facing the concave surface 226 (“bottom side™) of the transparent
material 220 as shown in Figure 2A. A lght scurce 276 is disposed on an opposite side of the

substrate 230 that is facing the convex surface 224 of the transparent material 220 ((“?,0‘
£
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side”y as shown in Figure 2B. However, in some embodiments, cirauitry 250, the loop
antenna 274, the Hght source 276 and/or the sensor 278 may be disposed on any side of the
substrate 230. For example, in some embodiments, the circuitry 250 may be disposed in the
opposite side (“top side”) of the substrate 230 that is facing the convex surface 224 of the
transparent material 220, In one example, the Hght source 276 may be disposed in the side of
the substrate 230 that is facing the concave surface 226 (“botiom side”™). In that case, the
substrate 230 may include a hole through which light emitted by the light source 276 can
reach the convex surface 224 and propagate away from the corneal swrface. In some
exaraples, one or more components disposed on the subsirate 230 may be disposed on a side
of the substrate 230 that is facing the circular outer side edge 228 of the transparent material

220.

(6862} In some embodiments not lustrated i Figures 2A-2B, the substrate 230 may
mehade multiple layers for imtercomnects and other conductive material commected to
components disposed on the substrate 230. Other configurations of the substrate 230 arc
coniempiated herein and may be obvious to those of ordinary skill in the art. For cxample,
one of the multiple layers may be utilized as “a grovnd plane” for the components to connect

1o a ground voltage.

18663} The cireuttry 256 may comprise a chip inchuding logic clements configured to
operaie the loop antenna 274, the light source 276 and the sensor 278, The circuitry 250 is
electrically coupled to the loop antenna 274 and the sensor 278, respectively, by interconnects
264 and 268. Interconmects 266 electrically commect the circuttry 250 with the light source
276 through the subsirate 230, For example, interconnects 266 may be arranged in a through
hole connecting the side of the substrate 230 that is facing the concave surface 226 (“bottom

side”) of the transparent material 220 to the opposite side of the substrate 230 that is facing

the convex surface 224 (“top side™) of the trausparent roaterial 220, The jntercomnects 264,
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266, 268, and the loop antenma 274 can be formed from conductive materials patterned on the
substrate 230 by a process for patterning such materials, such as deposition, photolithography,
etc,  The conductive materials patterned on the substrate 230 can be, for example, gold,
platinum, palladium, titanium, carbon, aluminam, copper, silver, silver-chioride, conductors
formed from noble materials, metals, combmations of these, stc. The circuitry 230 can be
configured to receive modulation structions and configured 1o modulate emitted light 286

from the hight source 276 based on the received modulation instructions.

[8064] The loop antenna 274 can be a layer of conductive material paticrned along a
flat surface of the substrate to form a flat condoctive ving.  In some instances, the loop
antenna 274 can be formed without making a complete loop. For instance, the loop antenna
274 can have a cutout to allow room for the circuitry 250 and the sensor 278, as illustrated in
Figure 2A. However, the loop antenna 274 can also be arranged as a continnous strip of
conductive material that wraps entirely around the flat surface of the substrate 230 one or
more times.  For example, a strip of conductive material with multiple windings can be
patterned on a side of the substrate 230 oppoesite the circuitry 230 and sensor 278, Thus, in
this example, intercomnects 264 between the ends of such a wound anterma {(e.g., antenna
feads)y can then be passed through the substrate 230 to the cueuitry 250 similarly to

interconnects 266 in Figure ZB.

[8865] The light source 276 may include one or more light emitting diodes (LED),
vertical cavity surface emitting lasers (VCSEL), organic light emitting diodes (OLED), liquid
crystal display (LCD), microelectromechanical system (MEMS), or any other device
configured to selectively transmit, reflect, and/or emit light according to received modulation
mstractions by the circuttry 250 via the interconnects 266 to provide the modulated emitted
light 286. Operation of the light source 276 1s similar to light source 176 discussed in Figure

7
7

1. The light source 276 1s configured to provide the emitted light 286 through the convex
g =] p = =
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surface 224 and away from the corneal surface.

(6666} Although llustrated in Figure 2B that interconnects 266 are connected to ong
end of the hight source 276, some embodiments may include the interconnects 266 comnected
to any other part of the light source 276. For example, the interconnects 266 may be arranged
underneath the light source 276 s that they are not viewable from the “top” side of the eve-

mountable device 210 (the side facing the convex surface 224).

[8067] The light source 276 may be configured in a rectangular, triamgular, circular
and/or auny shape that is compatible with the flat surface of the substrate 230, For example,
the light source 276 may have a loop shape similar to the loop antenna 274, The light source
276 may be configured to provide the emitted light 286 based on the received modulation
nstructions by the circutiry 250, For example, the emitted light 286 may be indicative of a
status of the g¢yo-mountable device 210 or a status of components included in the eye-
mountable device 210. TFor example, the emitied light 286 may be a blinking light that

mdicates msufficient power being provided to the eye-mountable device 210

8068} The sensor 278 can be disposed on the substrate 230 and contfigured to provide
a reading to circuitry 250 via infercounects 268, For cxample, the received modulation
mstructions may be indicative of the reading of the sensor 278. In some examples, the
recetved modalation instructions may be a response to radio frequency radiation received by

the loop antonna 274 indicative of obtaining the reading from the sensor 278,

16669) Figare 2C is a side cross-section view of the cxample eye-mountable device
shown in Figures 2A and 2B while mounted to a corneal surface 20 of an eye 10. Figure 2D
18 a close-in side cross-section view enhanced to show the substrate 230 embedded in the
transparcnt meaterial 220, the light scurce 276, and the emitted light 286 in the example cye-

mountable device 210 when mounied as shown in Figure 2C. It is noted that relative
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dimensions in Figures 2C and 2D are not necessarily to scale, but have been rendered for
purposes of explanation only in describing the arrangement of the example eye-mountable
device 210. Some aspects are exaggerated to allow for llustration and facilitate explanation,
It is further noted that the orientation of the substrate 230 embedded in the transparent
material 220 is not necessarily as shown in Figure 2D, In some embodiments, the substrate
230 may be oriented at any angle such that an outward-facing flat mounting surface 234 of
the substrate 230 is facing the convex surface 224 of the transparent material 220 and an
mward-facing tlat mounting surface 232 of the substrate 230 15 facing the concave surface

226 of the transparent material 220

16678} The eve 10 includes a comeal surface 20 that 15 covered by bringing an upper
eyelid 30 and a lower eyelid 32 together over eye 10. Ambient light is received by the gye 10
through the corneal surface 20, where the ambient light is optically directed to Hght sensing
elements of the eve 10 {c.g., rods and cones, cte}) to stimulate visual perception.  As
illustrated in Figure 2C, the concave surface 226 is configured to be removably mounted to
the corneal surface 20, Additionally, the convex surface 224 is compatible with motion of the
evelids 30 and 32.

18671} As illostrated in Figure 2D, the emitted hight 286 from the light source 276 13
directed away from the corneal surface 20 and through the convex surface 224 when the
concave surface 226 s mounted on the corneal surface 20, For example, the light source 276
can be disposed on the outward-facing flat mounting surface 234 of the substrate 230 to allow
the emitted light 286 1o travel through the convex surface 224, In the example, interconnects
266 connect the circuitry 250, disposced on the inward-facing flat mounting sorface 232 of the

substrate 230, to the light source 276 through the substrate 230.

(6672} As shown in the cross-sectional views in Figures 2C and 2D, the substrate 230

can be inclined such that the flat mounting surfaces 232 and 234 are approximately paraliel to
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an adjacent portion of the concave surface 226, However, in some cmbodiments, the
substrate 230 can be oriented at any angle such that the outward-facing moumting surface 234
is facing the convex surface 224. As described above, the subsirate 230 can be a flatiencd
ring with the inward-facing surface 232 {closer to the concave surface 226 of the transparent
material 220} and the outward-facing surface 234 {closer to the convex surface 224). The
substrate 230 can have electronic components and/or patterned conductive materials mounted
to either or both mounting surfaces 232, 234 or through the substrate 230 to connect

components from one surface to another.

18673} Figure 3 is a block diagram of an example method for operating a body-
mountable device, in accordance with at least some embodiments described herein. Method
300 shown in Figure 3 presents an cmbodiment of a method that could be used with the
devices 110, and 210, for example. Method 300 may mnclode one or more operations,
fumctions, or actions as lustrated by one or more of blocks 302-306. Although the blocks are
illustrated in & sequential order, these biocks may 1n some instances be performed in parallel,
and/or in a different order than those described hercin,  Also, the various blocks may be
combined nto fewer blocks, divided mto additional blocks, and/or removed based upon the

desired implementation.

8074} In addition, for the method 300 and other processes and methods disclosed
herein, the tflowchart shows functionality and operation of one possible implementation of
present embodiments. In this regard, cach block may represent a module, a scgment, or a

portion of a manufacturing or operation process.

[B875] At block 302, the method 300 includes receiving modulation instructions in a
body-mountable device that includes a light source and a transparent material, wherein the

transparent material has a mounting surface and a sorface opposite the mounting surface.
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16676} In some examples, the received medulation instractions can be generated by
circuitry included in the body-mountable device. In one example, the circuitry can generate
the modulation instructions based on a status of the body-mountable device (e.g., low power
avatlable, malfunctioning component, ¢tc.). In another example, the circuitry can generate
the modulation instructions based on a reading of a sensor included in the body-mountable
device {e.g., a high ghicose reading of a glucose sensor).  In another example, the circuitry
can generate the modulation instructions based on data and/or instructions received from an
external device {e.g., a reader, a computing deviee, ete.). For example, the data can indicate a

time of day, and the circuitry can generate the modulation instructions to modulate the light to

/')

a color suitable for the time of day {(c.g., grecn at morning, bluc at midday, red at night, ctc.).

18771 Additionally or alternatively, in some cxamples, the body-mountable device
can receive the modulation tostructions from an external device (e.g., head-mounted device,
mobile phone, computing device, ete.). For cxample, the external device can send the
modulation instructions indicative of modulating the light to a certain color or brightness (e.g.,
for acsthetic purposes). In some cxamples, the external device can send the modulation
mstractions via radio frequency radiation (RF radiation), and the body-mountable deviee can
nclude an anterma configured 1o receive the RF radiation. In some cxamples, the extornal
device can send the moduelation instructions via an incident light signal from a light source
mcladed i the external device, and the body-mountable device can inchude a photodetector
configured to receive the incident light signal.

{8878 At block 304, the method 300 includes modulating, based on the modulation
instructions, light emitted by the light source to provide modulated light

[8079] At block 306, the method 300 includes emiiting the modulated light through
the surface opposite the mounting surface, wherein the modulated Hght is tndicative of a

human-discernible or machine readable message from the body-mountable device.
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{6684} For example, the body-mountable device may imchude a sensor configured to
provide a measurement of an analyte in a tear film of an eye {¢.g., glucose} when the body-
mountabic device is mounted on the eye. Thus, the method 300 could include generating
and/or receiving the modulation instructions based on the reading of the sensor {step 302),
modulating the light emitied {step 304} by the hght source (e.g., ved color for high reading,
green color for normal reading, blue color for fow reading), and emitting the modulated light
{step 306) through the convex surface {¢.g., surface opposite the mouvunting surface; and away
from the eye (similarly to the emitted Hght 286 in the embodiment illustrated in Figure 2D).
In some examples, the modulated light can be ndicative of a message from the body-
mountabic device. Tn some examples, the message may relate to a status of the body-

mowntable device {e.g., low power remaining).

{081} Although not illustrated m Figore 3, in some examples, the body-mountable
device may include a photodetector.  The method 300 may receive the modulation
nstructions based on focident light on the photodetector. For example, 2 hand-held mobile
device may cmit infrared light towards the body-mountable device that corresponds to the
modolation instructions. Tn such an example, the infrared hight may relate to changing the
color of the light emitted by the body-mountable device (e.g., for acsthetic purposes). The
body-mountable device may then modify the color of the emitted light based on the received

modulation instructions.

{082} Figure 4 is a block diagram of an example method for operating a body-
mountable device via an anfenma, m accordance with at least some embodiments described
herein. Method 400 shown in Figure 4 presents an embodiment of a method that could be
used with the devices 110, and 218, for example. Method 400 may inclade one or more
operations, functions, or actions as illustrated by one or more of blocks 402-40%.  Although

the blocks are illustrated in a scquential order, these blocks may in somc instances be
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performed in parallel, and/or in a different order than those described herein.  Also, the
various blocks may be combined into fewer blocks, divided into additional blocks, and/or

removed based upon the desired implomentation.

16083} In addition, for the method 400 and other processes and methods disclosed
herein, the flowchart shows functionality and operation of one possible implementation of
present embodiments. In this regard, each block may represent a module, 4 scgment, or &

ortion of a manufacturing or operation process.
=3

[B0R4] At block 402, radio frequency radiation is received at an antenna in a body-
mountable-device including an embedded outward-facing light source. The body-mountable
device has a mounting surface and a surface opposite the mounting surface.  The eye-

mowntable device furthor conprises a sensor,

1B085] At block 404, the body-mountable device obtains a reading of the sensor in
response to the radio frequency radiation (e.g., the radio frequency radiation may provide

power o the body-mountable device or a request to obtain the reading),

86886} At block 406, the body-moumtable device modulates hight emitted by the Hglht

source based on the reading of the sensor {o.g

feibl

modify colov of light according to the

reading).

(8487} At block 408, the bedy-mountabie device omits the modufated light through

the surface opposite the mounting surface.

[6088] In one example, the radio frequency radiation may pertain to modolation
mstroctions {“message”) for the body-mountable device (step 402).  For example, the radio
frequency radiation may define the modulation of Hght according to cach sensor reading (e.g.,
define color for low reading, define color for high reading, etc.}). Thus, in this example, the

body-mountable device may then modulate the hight emitted by the light source based on the
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reading of the sensor and according to the modulation instractions (step 406). The light
source may then emit the modulated light through the surface opposite the mounting surface
so that people around a user of the body-mountable device may be alerted by the sensor
measurement about the user of the body-mogntable device.

(8BRS} Figure SA is a block diagram of an example system SO0 with an eve-
mountable device 530 (“body-mountable device”) that inclodes an outward facing light
source and 1s operated by an external reader 510. The eye-mountable device 530 can be
configured to be contact-mounted over a corneal surface of an eye 10, The cye-mountable
device 530 can be configured to receive modulation instructions from the external reader 510,

and moedulate cmitted hight 540,

18654] The external reader 510 inchudes 2 processor 512 and 2 nemory 514, The
processor 512 can be a computing system that execuies sofiware stored in the memory 514 to
cause system SO0 to operate, as deseribed hercin, the eye-mountable device 530, The
external reader 510 can also include an antenna (not shown) for wansmitting radio frequency
radiation 520 (RF radiation) that is reccived by the eye-mountable device 330, For example,
the RF radiation 520 may cormespond to the received modulation mmstractions. The external
reader 510 can be configured to provide the modulation instructions to modify an aspect of

the emitted light 540 {c.g., color, brightness, intensity, duration, ofc.).

16691} For instance, the external reader 510 may be a band-held computing device
(e.g. mobile phone, personal digital assistant, etc.}. In such an example, a user of systom 500
may sclect the appearance (color, intensity, frequency, ctc.) of the emitted light 540 as the
user wishes. For example, the user may want to change the aesthetic appearance of the cye-
mountable device 530 by selecting brighter light, different color, etc. Thus, the external
reader 510 can send modulation instructions to the eye-mountable device 530 pertaining to

the selected modulation by the user. As a result, the eye-mountable device 530 can modulate
31
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the emitted light 540 to reflect the aser’s selections. In other examples, the modolation
mstroctions may be determined based on instructions i the memory 514, For example, the
modulation instructions may be indicative of an appointment in a calendar of the user
determined by the external reader 510, For example, the eye-mountable device S30 may
modulate the emitted light 540 (e.g tlashing red Hght) to indicate to people around the user

that the user has an upcoming appointment.

6092} Figure 3B is a block diagram of the eyc-mountable device 530 described in
connection with Figure SA. The cye-mountable device 530 includes the outward facing light
source 532, an antenna 534, and circuitry 536, The outward-facing light scurce 532 provides
the cmitted light 540 as described in Figure SA. The antennz 534 can be configured to
receive the RF signal 520 (shown in Figure SA) that pertains to the modulation instructions.
Cireuitry 536 can be configwred to determine the modulation instructions based on the
received RF signal 520. Circuitry 536 can also be configured to modulate the emitted light

540 by controlling the light source 532,

[6893] Figure 6A is a top view of an cxample eye-mountable device 610 (“body-
mountable device”). Figure 6B is a side view of the cxample cye-mountable device 610
shown in Figure 6A. It is noted that the relative dimensions i Figures 6A and 6B are not
necessarty to scale, but have been rendered for purpoeses of explanation ounly in describing

the arrangement of the example eye-mountable device 610,

18054} The composition, arrangement, and shape of a trapnsparent material 620,

substrate 630, and interconnects 662, 666 included in the eve-mountable device 6106 1s similar

device 210. Similarly, the transparent material 620 can be formed with one side having 2
concave surface 626 (“mounting surface”) suitable to fit over a comeal surface of an eve.

The opposite side of the disk (top-view surface shown in Figure 6A) can have a convex
1
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surface 624 (“surface opposite the mounting surface”™) that does not interfere with eyelid
motion while the eve-mountable device 210 15 mounted to the eve. A circular outer side edge
62¢ connects the concave surface 624 and the convex surface 626. The eyc-mountable
device 610 can have dimensions similar to the eye-mountable device 210 discussed in the
description of Figures 2A-2D. When the eve-mountable device 610 is mounted to the eye,
the convex surface 624 faces outward to a surrounding covironment while the concave
surface 626 faces inward, toward the comeal surface. The convex surface 624 can therefore
be considered an outer, top surface of the eye-mountable device 610 whereas the concave
surface 626 can be consudered an nner, bottom surface. The “top” view shown in Figure 6A

is facing the convex surface 624.

1#095] Circuttry 650, light source 676, and photodetector 672 are disposed on the top
surface of the substrate 630 {(surface that is closer to the convex surface 624}, Inmterconnects
662 and 666 conmect cireuitry 650, respectively, with the photodetector 672 and the hight

source 676,

[6896] The photodetector 672 is similar to the photodetector 172 discussed in systom
100. The photodetector 672 may be configured to receive incident light that pertains to
modulation mstructions for the eye-mountable device 610, The incident light may be invisible
fight (infrared, ulivaviolet, otc.) or visible light. The photodetector 672 can transmit an

clectrical signal indicative of the incident light through interconnecis 662 to the circuitry 650,

18697} Circuttry 630 can be configured to receive the eclectrical signal from the
photodetector 672 and determne, based on the electrical signal, modulation nstructions for
emitted light 686, The circuitry may then modulate the emitted light 686 by controlling the
light source 676 via intercomnects 666. Additionally or alternatively, the circuitry 650 may
control one or more components imchuded in the eve-mountable device 610 based on the

clectrical signal.

5]
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{8098} The light source 676 is similar to the light source 276 discussed in the eye-
mountable device 210 of Figures 2A-20. The light source 676 can provide the coitted light

686, based on the modulation instructions received from the circuitry,

18991 In some examples, the exampic cye-mountable device 610 may receive
meident Hght from an external computing device not shown in Figares 6A-6B. For example,
the external computing device may interrogate the eye-mountable device 610 on a status of
the cye-mountable device 610 by conveying a message through the mcident light that is
received by the photodetecior 672, In one example, the circuitry 650 may determine that the
eve-mountable device i3 low on power based on a measurement of the current going through
one or more component.  Thus, the circuitry 630 can modulate the cmitied light 686 to

indicate the status of the eye-mountable device.

[0186] In some examples, the photodetector 672 and the light source 676 can be used
as a4 comnuinication means between the eyve-mountable device 610 and one or more external
computing devices within a line of sight of the cye-mountable device 610 when the eye-
mountable device 610 is contact-mounted on an eye. For exanple, incident light can pertain
to a message {0 the cyc-mountabic device 610 and cmiited light 686 can pertain to 3 message

from the eye-mountable deviee 610,

861481} Figure 7A s a block disgram of an example system 700 with an eye-
mountable device 730 (“body-mountable device™) and an external reader 710 that arc
cotmunicating via cmitted light 740 by the eve-mountable device 730 and incident hight 750
from the external reader 710. The eye-mountable device 730 can be configured to be contact-

7
/

mounted over a corneal surface of an eye 10. The eye-mouniable device 730 can be
configured to receive instructions from the external reader 710 via the ncident light 750, and

modulate emitted Hght 740 to comnmmicate, for example, information to the external reader

710,
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(86142} The external reader 710 includes a processor 712 and a memory 714, The
processor 712 can be a computing system that exccutes software stored in the memory 714 to
cause system 700 to communicate, as described herein, information from the external reader
710 to the eye-mountable device 730 via the incident light 750 omitted by a reader light
source 718, For example, the mcident hght 750 may correspond to instructions from the
external reader 710 to the eve-mountable device 730, The external reader 710 can be
configured to provide the incident light 750 by modifying an aspect of the incident light 750
{c.g., color, brightness, intensity, duration, etc.) emitted by the reader light source 718, The
reader photodetector 716 can be configured to receive the emitted light 740. The reader light

source 718 can be configured to provide the tncident light 750.

166183} Figwre 7B is 8 block diagram of the eye-mountable device 730 described in
connection with Figure 7A. The eye-mountable device 730 includes an outward facing hight
source 732, a photodetector 734, circuttry 736, and a sensor 738, The outward-facing hight
source 732 provides the cratited light 740 as described in Figure 7A. The photodetector 734
can be configured to receive the incident light 750 (shown in Figure 7A) that pertains to the
communication from the external reader 710 in Figure 7A. Circuitry 736 can be configured
to determine modulation instructions for the light source 732 based on the received fncident
fight 756, Circuitry 736 can also be configured to modulate the emitied light 740 by
controlling the hght source 732 to communicate information to the external reader 710. The
light source 732 can be configured to provide the emitied light 740 by modifying an aspect of
the emitted light 740 {(c.g., color, brightness, intensity, duration, eic.). Sensor 738 can be a
sensor embedded in the eye-mouvntable device 730 and configured to provide a reading to the
cireuitry 736, For example, the circuitry 736 can be configured to obtain the reading from the
sensor 738 and communicate the reading to the reader 710 n Figure 7A by modulating the

emitted light 740 from the Hgbt source 732.

5]
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[80184] System 700 can be configured to commmunicate information between the
external reader 710 and the eye-mountable device 730, respectively, via the incident hight 750
and the emitied fight 740. For example, where the cxtornal reader 710 is 2 computing device
mn a field of view of the eye-mountable device 730 {e.g., head-mounted device, wearable
device, hand-held device, desktop computer, etc.), some example communication scenarios
are described below.

[80185] In a first examiple, the external reader 710 can be configured to interrogate the

oy
i
i

eve-mountable device 730 by modulating the incident Hight 750 from the veader light source
718, The circuttry 736 inchided in the eye-mountable device 730 can be configured to
recetve instructions from the external reader 710 based on the ncident hight 750 received via
the photodetector 734, For example, the circuitry 736 can be configured to obtain a reading
from the sensor 738 based on the received instractions. The sensor 738 can be configured to
provide to the circuitry 736 the reading indicatmg biological vitals (e.g., blood pressure, heart
rate, temperature, glacose level, psychological state, ete.) of a user of the cve-mountable
device 730. The circuitry 736 can be configured to modulate the emitted light 740 from the
hight source 732 to indicate the reading of the sensor 738, The external reader 710 can
recetve the emttted hight 740 via the reader photodetector 716 and display the bilological vitals

to the user via a display incihuded in the reader (not shown in Figure 7A).

186186} In a second example simifar to the first cxample, the reading of the sensor 738
may relate to an ambient environment of the vser. For example, the reading may indicate
bumidity, teraperature, ambiend Hight jntensity, ete. The external reader 710 can be configured

to display information relating to the ambient environment to the user.

[68167] in a third exampie, the emitted light 740 from the eye-mountabie device 730
can be used by the external reader 710 to determine a line of sight (LOS) of the user of the

eve-mountable device. For example, where the external reader 710 includes a display (e.g.,
36
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head mounted display) not shown in Figore 7A, the external reader 710 can determine the
line of sight of the user looking at the display. Thus, in this example, the external reader 710

can determine what portion of the display the user is looking at.

130188 In a fourth example, the omitied light 740 from the eye-mountable device 730
can be indicative of a status of the cye-mountable device 730, For example, the emitted hight
740 can mdicate if one or more components of the cye-mountable device 730 are

malfunctioning {¢.g., consunting more power than expected).

[B8015%] Figure ¥ is a block diagram of an example method 800 for operating an
external reader to receive an incident signal transmitted by a body-mountable device, in
accordance with at least some embodiments described herein, Method 800 shown in Figure &
presents an embodiment of a method that could be used with the devices 190, 510, and 710,
for example. Method 800 may include one or more operations, functions, or actions as
illustrated by one or more of blocks 802-804. Although the blocks are illustrated in a
sequential order, these blocks may in some instances be performed in parallel, and/or in &
different order than those described hercin.  Also, the various blocks may be combined into
fewer blocks, divided into additional blocks, and/or removed based upon the desired

implementation,

166118 In addition, for the method 300 and other processes and methods disclosed
herein, the tlowchart shows functionality and operation of one possible implementation of
present cmibodiments. In this regard, cach block may represent a module, a segmenti, or a
portion of a manufacturing or operation process.

LR ER At block 802, the method 800 includes receiving, by a reader device, an
incident sigoal transoitted by a body-mountable device, wherein the incident signal

comprises light emitted by a light source tncluded in the body-mountable device.
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(66312} At block 804, the method 800 includes determining, based on the incident

signal, a message trom the body-mountable device.

166113} For exarople, the body-movmntable device may send modulated light (“incident
signai”) towards the external reader indicative of a statos of the body-mouniable device (step
802). For example, the body-mountable device may be low on power and the modulated
hight may indicate to the external reader that the body-mountable device 1s low on power.
The reader device may determing the message {e.g., low power) based on the modulated light
{“incident signal”) (siep 804). Although not illustrated in Figure 8, in some examples, the
body-mountable device may mclude a photodetector to receive incident hight (“incident
signal™). The method 800 may deteroune the message based on the incident light on the

photodetector.

6114} Figwre 9 is a block diagram of an example method 900 for operating an
external reader to comumunicate, via light, with a body-moumable device, in accordance with
at least some embodiments described herein. Method 900 shown in Figure 9 presents an
embodiment of a method that could be used with the devices 190, 510, and 710, for example.
Method 900 may include one or more operations, functions, or actions as illustrated by one or
more of blocks 902-908. Abhough the blocks are illustrated i a sequential order, these
blocks may n some imstances be performed in paralicl, and/or in a different order than those
described herein,  Algo, the various blocks may be combined into fower blocks, divided into

additional blocks, and/or removed based upon the destred implementation.

[B0115] In addition, for the method 900 and other processes and methods disclosed
herein, the flowchart shows functionality and operation of one possible implementation of
present embodiments. In this regard, cach block may represent a module, a segment, or a

portion of a manufacturing or operation process.
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601le At block 902, a reader device receives emitied licht from a body-mountable
: g ]

device using a photodetector included in the reading device.

861173 At block 904, the reader device determines, based on the emitted hight, a

message from the body-mountable device,
80118} At block 906, the reader device determines a response to the message.

[#0119] At block 908, the reader device transmits modulated light to the body-
mountable device, wherein the modulated light s indicative of mstroctions and data
pertaining to the response, wherein the body-mountable device is configured to receive the

modulated light.

[80126] For example, the reader device can be a portable computing device {e.g.,
laptop, hand held device, cic.} configured to receive emitied Hght from the body-mountable
device using the photodetector included in the portable computing deviee (step 802). The
reader device can determing from the omitted light that a status of the body-mountable device
is idle (step 904). The rcader device may then determing a response to the message (step
S06}) indicative of instructions to modify the emitted light by the body-mountable device to a
green color to indicate the status of the device. The reader device may transmit the response
{step 208} by providing maodulated light to the body-mountable device that is configured to

receive the modulated hight such that the body-mountable device emits the green colon

86121} Figure 10 depicts an example computer-readable wmediom configured
according to at least some embodiments described herem.  In example embodiments, the
exaraple system can include one or more processors, one ot more forms of memory, one or
more input devices/interfaces, one or more culput devices/interfaces, and machine readable
mstructions that when exccuted by the one or more processors cause the system to carry out
the various functions fasks, capabilities, ete., described above.

39
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86122} As noted above, in some embodiments, the disclosed techniques (e.g. methods
300, 400, 800, and 900) can be implemented by computer program instructions encoded on a
nop-transitory computer readable storage media in a machine-readable format, or on other
non-transitory media or articles of manufactire {c.g., the instructions stored on the memory
storage 314 of the reader 510 of the system 500). Figure 10 18 a schematic illustrating a
conceptual partial view of an example computer program product that inclades a computer
program for executing a compuier process on a computing device, arranged according to at

least some embodiments disclosed herein.

{66123} In one embodiment, the example computer program prodoct 1000 s provided
using a sigoal bearing medium 1002, The signal bearing roedivm 1002 roay inchade one or
more programming instractions 1004 that, when executed by one or more processors may
provide functionality or portions of the functionality described above with respect to Figores
1-9. In some examples, the signal bearing medium 1002 can be a non-transitory computer-
readable medium 1006, such as, but not Hmited to, a hard disk drive, a Compact Disc (CD), a
Digital Video Disk (DVD), a digital tape, memuory, etc. In some implementations, the signal
bearing mediam 1002 can be a computer recordable medium 1008, such as, but not hmited to,
memory, read/write (R/W) CDs, R/W DVDs, ctc.  In some Unplementations, the signal
bearing medium 1002 can be a communication medium 1010 {e.g., a fiber optic cable, a
waveguide, a wired commurications link, a wireless compmumication link, etc.). Thus, for
example, the signal bearmg medium 1002 can be conveyed by a wircless form of the

communications medium 1010,

[80124] The one or more programming instructions 1004 can be, for example,
computer executable and/or logic implemented instructions. In some examples, a8 computing
device such as the processor-equipped external reader 190 of Figiwe 1 15 configured to

provide various operations, functions, or actions in response o the programming instructions

40
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1004 conveyed to the computing device by one or more of the computer readable medium

1006, the computer recordable medium 1008, and/or the commumnications medium 1010,

166125} The non-transitory cormputer readable medivm 1006 can also be distributed
among multiple data storage clements, which could be remotely located from cach other. The
computing device that executes some or all of the stored tostructions could be an external
reader such as the reader 190 illustrated in Figure 1, or another mobile computing platform,
such as a2 smartphone, tablet device, persoval computer, head-mounted device, cic.
Alternatively, the computing device that executes some or all of the stored instructions could
be remotely located computer sysiem, such as a server. For example, the computer program

product 1000 can implement the functionalitics discussed in the description of Figures 1-9.

166126} Within exarmples, operation methods that are described for the device can be
applied to other clectronic devices that include an outward-facing light source. For example,
mmplantable devices that measore biological information can include a light source directed
outwards from a body where the implantable devices are implanted. Thus, example methods
herein provide operation methods that jovolve an cwtward-facing light source, receiving
modulation instructions, and modulating light emitted by the outward-facing light source

based on the modulation mstructions.

186127} it should be understood that arrangements described herein are for purposes of
exaraple onfy.  As such, those skilled in the art will appreciate that other arrangements and
other elements {(e.g. machines, interfaces, functions, orders, and groupings of functions, gic.)
can be used instead, and some clements may be omitted altogether according to the desired
results, Further, many of the cloments that arc described are functional entitics that may be
implemented as discrete or distributed components or in conjunction with other components,
in any suitable combination and location, or other struchuiral elements described as

ndependent structures may be combined.
41
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[86128] Where example embodiments nvolve information related to a person or a
device of a person, some embodiments may include privacy controls. Such privacy controls
may include, at least, anonymization of device identifiers, transparency and user controls,
mclading functionality that would enable users to modify or delete information relating to the

user’s use of a product.

(301294 Further, in situations in where embodiments discussed herein collect personal
information about users, or may make use of personal information, the users may be provided
with an opporfunity to control whether programs or features collect user information (c.g.,
imformation about a user’s medical history, social network, social actions or activitics,
profession, a user’s preferences, or a user’s current location) and an opportunity to control
whether or how personal information is used. In addition, certain data may be treated in one
or more ways before it is stored or osed, so that personally identifiable information is
removed. For example, a user’s identity may be treated so that no personally identifisble
information can be dotermined for the user, or a user’s geographic location may be
generalized where location information is obtained {(such as to a city, ZIP code, or state level),
so that a particular location of a user cannot be determined. Thus, the user may have control

aver how tonformation is collected about the user and how the collected mformation is used.

166138 While various aspects and cmbodiments have been disclosed hercin, other
aspects and cmbodimenis will be apparent to those skilled 1o the art. The various aspects and
embodiments disclosed herein are for purposes of illastration and are not mtended to be
himiting, with the true scope being indicated by the following claims, along with the full scope
of cquivalents to which such claims are entitied. It is also to be understood that the
terminology used herein is for the purpose of deseribing particular embodiments only, and is

not intended to be lmiting.
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CLAIMS
What is claimed 1s:
I. A body-mountable device comprising:

a transparent material having @ mounting surface and a surface opposite the mounting
surface;

a substrate at least partially embedded in the transparent material;

a light source disposed on the substrate and at least partially embedded m the
transparcnt material, wherein the light source s configured to emit light through the surface
opposite the mounting surface; and

circuitry disposed on the substrate, wherein the circuitry is configured to receive
modulation instructions and modulate, based on the modulation instructions, the light emitted
by the light source to provide modulated light, whercin the modulated light is indicative of a

human-discernible or machine-readable message from the body-mountable device.

2. The body-mountable device of ¢laim 1, wherein the body-mountable device is an eye-
mountable device, and wherein the mounting surface comprises a concave surface configured
to be removably mounted on a corneal surface and the surface opposite the mounting surface
comprises a convex surface configured to be compatible with cyelid motion when the

concave surface is mounied on the corneal surface.

3. The body-mountable device of ¢laim 1, wherein the modulation Instructions relate to
modulating at least one of a color, brightness, intensity, or duration of the lght emitted by the

light source.

o
(8]
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4. The body-mountable device of claim |, wherein the message relates to a status of the
body-mountable device or to a status of at least one component included i the body-

mountable device.

3. The body-mountable device of claim 1, further comprising a sensor coupled 1o the
circuitry, wherein the sensor is configured to obtain a reading, and wherein the message

relates to the reading.

6. The body-mountable of clavn 1, further comprising a photodetector coupled to the
circuitry, wherein the photodetector is configured to receive an incident light signal from an
external device, and wherein the modolated light is indicative of the machine-readable

message from the body-mountable device to the external device.

7. The body-mountable of claim 1, further comprising an anteona coupled to the
cireuitry, wherein the antenna is configured to receive a radio frequency (RF) signal from an
external device, and wherein the modulated light is indicative of the machine-readable

message from the body-mountable device to the external device.

5. The body-mountable of claim 7, wherein the antenma is configured to provide power

to the body-mountable dovice based on radiation incident on the antenna,

9. The body-mountable of clamm 1, fimther comprising a photovoltaie cell, wherein the
photovoltaic cell is configured to provide power te the body-mountable device based on light

incident on the photovoltaic cell.
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10, A method comprising:

receiving modulation instructions in a body-mountable device, wherein the body-
mountabic device includes a transparcnt material, a substrate at least partially cmbedded in
the transpareni material, and a light source disposed on the substrate, and wherein the
transparent material has a mounting surface and a surface opposite the mounting surface;

modulating, based on the modulation instructions, light emitted by the light source to
provide modulated ght; and

emitting the moduolated light through the surface opposite the mounting surface,
wherein the modulated light is indicative of a human-discernibic or machine-readable

message from the bedy-mountable device.

11, The method of claim 10, wherein the body-mountable device is an eye-mountable
device, and wherein the mounting surface comprises a concave surface configured to be
removably mounted on a corneal surface and the surface opposite the mounting surface
comprises a convex surface configured to be compatible with eyelid motion when the

concave surface is mounted on the corneal surface.

12. The method of claim 1, wherein the message relates o a status of the body-
mountable device or to a status of at least one component included in the body-mountable
device.

13. The method of claim 11, forther comprising obiaining a reading using a sensor

disposed on the substrate, wherein the message relates to the reading.

14, The method of claim 11, wherein the body-mountable device inclodes an anienna

disposed on the substrate, the method further comprising receiving, via the antenna, a

45
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response to the message from an external device.

15, The method of claim 11, wherein the body-mountable device includes a photodetector
disposed on the substrate, the method further comprising receiving, via the photodetector, an

meident light signal indicative of a response to the message from an external device.

16, A method comprising:

receiving, by a reader device, an incident signal fransmitted by a body-mountable
device, wherein the body-mountable device meludes 2 transparend material, a substrate at
fcast partially embedded in the transparcnt material, and a light source disposed on the
substrate, wherein the transparent material has a mounting surface and a surface opposite the
mounting surface, and wherein the incident signal comprises hght emitted by the light source
and transoutted through the surface opposite the mounting surface; and

determining, based on the incident signal, a message from the body-mountable device.

17. The method of claim 16, wherein the light emitted by the lght source and transmitied
through the surface opposite the mounting surface is modulated with respect to at least one of

a color, brightness, intensity, or duration.

18. The method of claim 17, wherein the body-mountable device includes circuitry
disposed on the substrate, wherein the circuitry s configured to modulate the light emitted by

the light source.

19. The method of claim 18, further comprising:

transmitting, by the reader device, data to the body-mountable device; and

46



WO 2014/209755 PCT/US2014/043217

transmitting, by the reader device, instructions to the body-mountable device, wherein
the instructions are configured to cause the circuitry to modulate the light emitted by the light

source based on the data.

24. The method of claim 19, further comprising determining a vesponse to the message,

wherein the data and the instructions are indicative of the respouse.
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RECEIVING MODULATION INSTRUCTIONS IN A BODY-
MOUNTABLE DEVICE THAT INCLUDES A LIGHT SOURCE
AND A TRANSPARENT MATERIAL, WHEREIN THE
TRANSPARENT MATERIAL HAS A MOUNTING SURFACE AND
A SURFACE OPPOSITE THE MOUNTING SURFACE

MODULATING, BASED ON THE MODULATION

INSTRUCTIONS, LIGHT EMITTED BY THE LIGHT SOURCETO
PROVIDE MODULATED LIGHT

EMITTING THE MODULATED LIGHT THROUGH THE
SURFACE OPPOSITE THE MOUNTING SURFACE, WHEREIN
THE MODULATED LIGHT IS INDICATIVE OF A HUMAN-
DISCERNIBLE OR MACHINE READABLE MESSAGE FROM
THE BORY-MOUNTABLE DEVICE
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402 400

RECEIVE RADIO FREQUENCY RADIATION WITH AN
ANTENNA IN A BODY-MOUNTABLE DEVICE HAVING A
MOUNTING SURFACE AND A SURFACE OPPOSITE THE
MOUNTING SURFACE, WHEREIN THE BODY-MOUNTABLE
DEVICE FURTHER INCLUDES A LIGHT SOURCE AND A
SENSOR

OBTAIN A READING OF THE SENGSOR IN RESPONSE TO THE
RADIO FREQUENCY RADIATION

MODULATE LIGHT EMITTED BY THE LIGHT SOURCE BASED
ON THE READING OF THE SENSOR

EMIT THE MODULATED LIGHT THROUGH THE SURFACE
GPPOSITE THE MOUNTING SURFACE
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RECEIVING, BY A READER DEVICE, AN INCIDENT SIGNAL
TRANSMITTED BY A BODY-MOUNTABLE DEVICE, WHEREIN
THE INCIDENT SIGNAL COMPRISES LIGHT EMITTED BY A
LIGHT SOURCE INCLUDED IN THE BODY-MOUNTABLE
DEVICE

DETERMINING, BASED ON THE INCIDENT SIGNAL, A
MESSAGE FROM THE BODY-MOUNTABLE DEVICE
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RECEIVE, BY A READER DEVICE, EMITTED LIGHT FROM A
BODY-MOUNTABLE DEVICE USING A PHOTODETECTOR
INCLUDED IN THE READING DEVICE

DETERMINE, BASED ON THE EMITTED LIGHT, A MESSAGE
FROM THE BODY-MOUNTABLE DEVICE

DETERMINE A RESPONSE TO THE MESSAGE

TRANSMIT, BY THE READER DEVICE, MODULATED LIGHT
TO THE BODY-MOUNTABLE DEVICE, WHEREIN THE 3
MODULATED LIGHT IS INDICATIVE OF INSTRUCTIONS AND |
DATA PERTAINING TO THE RESPONSE, WHEREIN THE
BODY-MOUNTABLE DEVICE 1S CONFIGURED TO RECEIVE
THE MODULATED LIGHT
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