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(57) Abstract: A reader device includes an array of antenna coils configured to electromagneticaliy couple with devices implanted
beneath or within skin of a human body. An implanted device can include a loop antenna or other means configured to couple with
at least one antenna coil of the reader device to receive radio frequency energy trom the reader device. The antenna coil array is con-
figured to mount to the skin surface to improve the coupling between the implanted device and coils of the array. Further, the reader
device is contigured to select two or more antenna coils of the array and to operate the selected antenna coils to emit radio frequency
power at respective amplitudes and relative phases to provide radio frequency power to the implanted device while increasing efti-
ciency of the power transfer and reducing the exposure of the skin to radio frequency energy.
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PHASE CONTROLLED ARRAY FOR WIRELESSLY POWERING
IMPLANTABLE DEVICES

BACKGROUND
100061} Unless otherwise mndicated herein, the materials described i 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] Certain medical conditions or states can be characterized by values and/or
changes over time of a physiological property (e.g., a tlow rate and/or amount of blood 1n a
portion of vasculature, an oxygen saturation of blood, a blood pressure}. Such physiological
propertics can be measured by a device located outside the body. Additionally or alternatively,
an implanted or wearable device could be emploved to provide continuous or near-continuous
measurement of such physiological properties. Such maplantable or wearable devices can be
battery powered and/or powered by radio frequency energy or other wireless engrgy sources.
Further, such devices can be configured to indicate measured physiological propertics
wirelessly {(e.g., bv using an RFID antenna and transmitter, by using a Bluetooth antenna and
transmitter).

SUMMARY

HEEIRY Some embodiments of the present disclosure provide a device including: (i) an
array of antenna coils that can be mounted proximate a skin surface and to span a specified
area of the skin surface when so mounted, such that cach antenna coil of the array of antenna
coils has a respective degree of electromagnetic coupling with an antenna of an mplanted
device that is implanted beneath the skin surtace; and (11) a controlier that 1s operably coupled
to the array of antenna coils and that includes a computing device programmed to perform
operations. The operations include: (1} determining a location, relative to the array of andenna
coils, of the implanted device; (2) selecting, based on the deternuned location of the implanted
device, two or more antenna coils of the array of antenna coils; (3) determining, based on the
determined location of the implanted device, an amplitude and a relative phase for cach of the
selected two or more antenng coils; and (4) operating the selected two or more antenna coils to
provide radio frequency power to the implanied device. Operating the sclected two or more
antenna coils to provide radio frequency power includes emitting from each of the selected two
or more antenna coils radic frequency power according to a corresponding determined
amplitude and relative phase.

{66064} Some embodiments of the present disclosure provide a method mcluding: ()
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determining a location of an implanted device relative fo an array of antenna coils in a reader
device mounted to a skin surface, wherein the array of antenna coils spans a specified area of
the skin surtace, whercin the tmplanted device is implanted bencath the skin surface, and
wherein cach antenna coil of the array of antenma cotls has a respective degree of
clectromagnetic coupling with an antenna of the implanted device. The method additionally
mehudes: {it) selecting, based on the determined location of the implanted device, two or more
antenna coils of the array of antenna coils; (1) determining, based on the determined location
of the implanted device, an amplitude and a relative phase for cach of the selected two or more
antenna coils; and (v} providing, via the selected two or more antenna cotls, radio frequency
power to the implanted device, wherein providing radio frequency power to the implanted
device comprises enmitting from cach of the selected two or more antenna coils radio trequency
power according to a corresponding determuned amplitude and relative phase.
HEEEY These as well as other aspects, advantages, and alternatives, will become
apparent to those of ordinary skill in the art by reading the following detatled descuption, with
reference where appropriate to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
{6006] Figure 1A is a cross-sectional view of an example reader device disposed
proximate an arm and an example microelectronic device that is implanted beneath a skin
surface of the arm and that is in communication with the reader device.
{0607} Figure 1B is a cross-sectional view of the example reader device shown in
Figure 1A when mounted fo the skin surface of the arm with illustration of the degree of
electromagnetic coupling between an antenna of the implanted device and antenna cotls of the
reader device.
{6008] Figure 1C 1s a schematic view of coils of an antenna array of the reader device
shown in Figures 1A and 1B,
HEER Figure 2 1s a cross-sectional schematic view of elements of an example reader
device that 1s mounted to a skin surface of an arm and an example microclectromic device that

is implanted bencath the skin surface of the arm and that is 1n communication with the reader

device.
0019} Figure 3A is a perspective view of an example microelectronic device.
[6611] Figure 3B is a cross-sectional view of the example microglectronic device

shown in Figure 3A.
{661 2] Figure 4 1s a block diagram of an example system that includes a

mucroelectronic device in wireless communication with an external reader.
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013} Figure 5 15 a block diagram of an example system that includes an antenna array
that can be operated to communicate with a microelectronic device.

{0014] Figure 6 is a block diagram of an example system that includes an antenna array
that can be operated to commumnicate with a microelectronic device.

8015} Figure 7 1s a block diagram of an example system that includes an antenna array
that can be operated to communicate with a sucroelectronic device.

{0016} Figure 8 is a flowchart of an example method for operating a reader device.

DETAILED DESCRIPTION

{0017} In the following detailed description, reference is made to the accompanving
figures, which form a part hereof. fu the figures, similar symbols typically identify similar
components, unless context dictates otherwise. The lustrative embodiments described in the
detarled description, figures, and claims are not meant to be limiting. Gther embodiments may
be utihized, and other changes may be made, without departing from the scope of the sabject
matter prescoted heremn. §t will be readily understood that the aspects of the prosent disclosure,
as generally described herein, and illustrated n the figures, can be arranged, substituied,
combined, separated, and designed in a wide variety of different configurations, all of wiich

are explicitly condemplated herein.
L Overview

{0018] Some embodiments of the present disclosure provide a reader device configured
to be placed in contact with or otherwise mounted to a skin surface of a iving body {e.g., 10
skin of the upper arm or abdomen of a person) and to nteract with one or more devices
mnplanted within and/or beneath the skin. Such implanted devices could each include one or
more sensors configured to detect vanables of the body, ¢.g., 1o detect variables related to
hemodynamic properties of vasculature and/or blood m the skin.  For example, the reader
device could include one or more antenna coils that are operable to emit electromagnetic energy
to power the implanted device via an antenna of the wmplanted device.  Such
electromagnetically coupled antenna cotls could additionally be used to transmit and/or receive
wireless commanications from the implanted device {e.g., by detecting a pattern over time in
an amount of radio frequency energy that is reflected and/or backseattered by the tmplanted
device, by modulating an amplitude, phase, frequency, or other properties of the
clectromagnefic energy emiited to power to the implanted device). These electromagnetic
mteractions between the implanted device and the antenna coils could be achieved in the near

field of the antenna cotls, and properties of the antenna coils and/or of their operation could be
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specified to improve such near field interactions (e.g., by reducing an amount of
electromagnetic encrgy radiated mto the far field of the antenna coils). The reader device may
additionally or alternatively be configured to communicate with implanted devices optically or
through some other means.

{8019} A degree of electromagnetic coupling between an antenna (e.g., an antenna coil)
of an implanied device and an antenna coil of a reader device could be related to a variety of
factors. Such factors can include the oricutation and location of the antenna coil relative to the
antenna of the implanted device. To accommodate powering of implanted devices across a
range of relative locations and/or orientations, the reader device can include an array of antenna
coils that can be mounted proximate to a skin surface beneath which the implanted device is
mmplanted. Each antenna coil of such an array of antenna cotls could have a respective degree
of electromagnetic coupling with the implanted device that is related to the respective location
and/or orientation of cach antenna coil relative to an aotenna of the implanted device.
Correspondingly, each of the antenna coils could have a respective efficiency of near-ficld
electromagnetic power transfer to the implanted device, strength of a received near-field
wireless transmission from the implanted device, or some other property of the interaction with
the implanted device within the near-field region of one or more of the antenna coils.

[6620] In such examples, a particular antenna coil of the array of antenna coils could
be selected and used to mteract with the implanted device {e.g., to non-raciatively provide radio
frequency cneigy to the implanted device, to receive/iransmit near-ficld wireless transmissions
from/to the mmplanted device). However, for some relative locations and/or orientations of an
mmplanted device (e.z., when the mmplanted device is located on the edge of a coil, or between
two or more coils of an array of antenna cotils), it could be beneficial to operate multiple coils
to provide power to the implanted device. For example, power transmitted from a single
antenna cotl, via near-ficld electromagnetic coupling between the single antenna cotl and an
antenna of the mmplanted device, could be nsufficient {o operate the mmplanted device, the
cfficiency of the power transfer could be low, and/or the amount of radic frequency energy that
is emitted from the single antenna cotl and absorbed by the skin when operating the single
antenna coil to power the implanted device could be higher than some specified maximum
value.

[6621] In such examples, two or more antenna coils could be operated to provide power
to the tmplanted device. The amplitude and/or relative phase of the radio frequency power
provided via each of the two or more antenna coils (that 1s, an amphiude and/or relative phase

of radio-frequency sinusoidal or otherwise penodic signals applied to the two or more antenna
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coils) could be controlled to provide an increased amount of radio frequency power 1o the
implanted device, to reduce an amount of radio-frequency encrgy absorbed by the skin {e.g., a
total amount, a maximum amount per unit volume or arca), or according to some other
consideration. The identity of the selected two or more coils and/or the amplhitude and relative
phase of the radio frequency power delivered via each of the selected coils could be determined
based on a detected location and/or orientation of the implanted device, relative to the array of
antenna cotls. Such a determination could be performed, by the reader device, by applving the
tocation and/or onentation to select, from a fookup table, a set of coils and an amplitude and
relative phase for the selected coils. Additionally or alternatively, an amount of radio frequency
power received by the implanted device over time {¢.g., an amount of power measured by the
mmplanted device and wirelessly indicated to the reader device) could be used to adjust the
wdentity of the selected coils and/or the amphitude and relative phase of the power emutted from
the selected coils {¢.g., using one or more feedback controliers). Other methods for selecting
two or more coils and/or determining amplitudes and relative phases for such selected coils are
anficipated.

06022} The location and/or orientation of an implanted device relative to a reader
device could be determined m a variety of ways. Determination of the relative location of the
mmplanted device could include operating a camera or other light detecting means of the reader
device, ¢.g., to detect an emitted and/or reflected hight from the wmplanted device. Tn another
example, the antenna coils could be operated to detect a degree of clectromagnetic coupling
and/or tateraction between cach of the antenna cotls and the implanted device. In a further
example, each of the antenna coils could be used, over time, to emit radio frequency power and
the implanted device could, responsively, measure an amount of power received by the
munplanted device from cach of the antenna coils and provide wireless indications of the
measurcd amounts of power. The location and/or oricntation of the implanted device could
then be determined based on the wircless indications.

{80623} The antenna coils of the reader device could be operated 1n different ways. In
some exaraples, cach antenna cotl could be coupled to a respective radio frequency transmitter
and/or receiver (configured, ¢.g., to transmit radio frequency power and/or signals and to
receive radio frequency signals, respectively). Alternatively, two or more of the antenna coils
could be coupled to a single radio frequency transmitter and/or receiver, e.g.. via a radic
frequency switch. Such a radio frequency switch could be configured to clectrically couple
selected antenna coil(s) to one or more oscillators, amphifiers, envelope detectors,

demodulators, level shifters, filters, or other components of a radio frequency transmitter and/or
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receiver. Further, such a radio frequency swiich could be configured to couple non-selected
antenna coils to a specified high impedance or a specified low impedance such that the non-
selected antenna coils do not interfere with the electromaguetic coupling between and/or
mteraction of the selecied antenna coil(s) and the implanted device.

{8024} Implanted and/or implantable devices as described herein could include a
variety of sensors configured to detect a vaniety of physiological properties and/or properties
of the covironment of the vuplanted devices. In some examples, the sensor could include a
light sensor, a pressure sensor, a strain sensor, an accelerometer, a biopotential sensor, a
temperature sensor, an electrochemical sensor or some other sensor configured to detect an
analyte, or some other sensor configured to detect one or more physical variables {e.g., a
pressure, a displacement, a transmitted light intensity) related to hemodynamic properties of a
human body, e.g., blood flow rates, blood flow velocities, pulse rates, pulse timings, blood
pressures, blood oxygen saturation, pulse transit times, or other hemodynamic properties of
blood, of portions of vasculature, of a heart, and/or of some other elements of the cardiovascular
gystern of a body in which the implanted device is implanted. For example, animplanted device
could be maplanted proximate a portion of subserface vasculature within skin beneath a surface
of which the implanted device 15 located. In some examples, the implanted device could
mclude one or more light detectors configured to detect an intensity {or other property) of light
that is transmitted from outside the skin, through the portion of subsurface vasculature, to the
hight detector. Such a detected mtensity could be related to a volume of blood in the portion of
subsurface vasculature and could be used to determine a pulse rate, blood pressure, pulse transit
time, or other hemodynamic propertics of the portion of subsurface vasculature and/or of blood
therein. Further, the reader device could include a light emitter configured to provide such
light transmitted from outside the skin surface.

[06625] Note that reader devices, implanted/implantable devices, and other devices,
systems, and methods described herein may be provided 1n devices that could be mounted on,
proximate to, and/or within a variety of portions of the human body to measuare a variety of
physiological and/or hemodynamic properties of the human body (c.g., concentrations of a
variety of analyies in a variety of thuds of the body, temperature, galvanic properties, ECG,
muscle activity, blood flow rate, blood flow velocity, blood pressure, blood oxvgenation, pulse
transit time). Further, note that the implantable devices described herein may be provided m
devices that could be implanted or otherwise located in locations other than locations within
skin of a human body, ¢.g., locations m some other fissue of a human body, locations in an

amimal body, locations that are part of a natural or artificial environment. Correspondingly,
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reader devices described herein could be configured to be mounted on and/or proximate to the
locations of such implanted devices and to clectromagnetically power, communicate with, or
otherwise interact with such implanted devices. It should be understood that the above
embodiments, and other embodiments described herein, are provided for explanatory purposes,

and are not intended to be limiting.
18 Example Reader Device

06026} In a variety of applications, it can be bencficial to place a sensor in an
environment of interest, €.g., to mmplant an implantable sensing platform within tissue of a
person to detect physiological and/or hemodynaric parameters of the person. Placing a sensor
i an environment of interest can allow for detection of a property of mterest, e g, improved
detection of a pulse rate, a blood flow rate, an optical or other property of blood or other tissue,
a concentration of an analvie in a fhuid, or some other parameters of a person, ¢.g., of a portion
of subsurface vasculature and/or of blood therein. For example, a sensor configured to detect
one or more hemodynamic parameters and/or physical variables related thereto could be placed
proximate a portion of subsurface vasculature. Such improved detection could be related to a
reduced distance between a sensor and a target of interest, a reduced amount of tissue or other
material interveming between a sensor and a farget of interest, an increased stability of the
mterface between a sensor and the cnvironment of a target of interest {e.g., a reduction of
relative motion between the sensor and the target due to emplacement of the sensor proximate
the target within an enviromment that also contains the target), or other factors.

{6027 Such a sensor implanted within a homan body (e.g., beneath a skin surface,
proximate a porticn of subsurface vasculature) could be configured n a variety of ways. In
some examples, a sensor could be part of an tmplanted device that is configured to wirclessly
communicate with (¢.g., to transmit sensor readings), receive energy from, or otherwise interact
with other devices {e.g., reader devices configured to communicate with, provide power to, or
otherwise mnteract with the mmplanted device) through a skin surface beneath which the
mplanted device is implanted.  Such interaction could mchude the transmission and/or
reception of optical energy, radio frequency encrgy, or other encrgies or fields that are able to
be transmitted through intervening tissue {e.g., through the skin surface}. For example, the
implanted device could include an antenna {(c.g., a loop of wire or coil) contigured to
electromagnetically couple with one or more corresponding antenna coils of a reader device.
[6028] Such electromagnetic coupling can allow electromagnetic fields generated by

ong of the reader device or the implanted device {(c.g., by driving the antenna coil or antenna,
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respectively, with a time-varving voltage and/or current) to be received by the opposite device.
For example, the reader device could operate the antenna coil(s) to provide wireless power to
the implanted device, to transmit a wireless transmission 1o the implanted device, to receive a
wirgless transmission from the implanted device, or to otherwise mieract with the implanted
device via electromagnetic nteractions in the near field of the antenna coill{s) of the reader
device. Conversely, the implanted device could operate the antenna to transmit a wircless
transmission to the reader device {¢.g., by backscattering, reflecting, or otherwise modifying
radio frequency power or fields provided by the reader device), fo receive a wireless
transmission from the reader device, or to otherwise mteract with the reader device.

[6029] As an illustrative gxample, Figure 1A shows, in cross-section, an arm 110
containing a portion of subsurface vasculature 115 located beneath a skin surface 111, An
mplanted device 120 is implanted beneath the skin surface 111 (e.g., at a depth beneath the
skin surface 111 between approximately 1 millimeter and approximately 5 millimeters} such
that the portion of subsurface vasculature 115 1s positioned between the microclectronic device
120 and the skin surface 111. The portion of subsurface vasculature 115 could be an artery, a
vein, a capillary, or some other portion of vasculature bencath the skin surface 111, The portion
of subsurface vasculature 115 could be part of a capillary bed within the skin. A reader device
125 is located owtside the skin surface 111 proximate the amm 110, The reader device 125
meludes an array of antenna coils 140 that are each configured to have a degree of
clectromagnetic coupling with an antenna (not shown) of the implanted device 125, Such
clectromagnetic coupling can be related to the location and/or orientation of cach of the antenna
coils of the array 140 relative to the antenna of the mmplanted device 120, the composition or
geometry of tissues of the arm proxamate the devices 120, 125, or other factors,

[6630] Mote that the iflustration of an implanted device that 1s implanted proximate to
a portion of subsurface vasculature is intended as a non-limiting example. Implanted devices
as described herein could be located proximate to a vaniety of different elements of abodv (e g,
nerves, tendons, muscle fibers, bones, organs} to detect properties of such different elements
of the body. In some examples, an implanted device could be tmplanted proximate a tendon
and could detect motion of the tendon. This could mclude detecting a change in a pattern of
constructive and destructive mterference in light recetved from the tendon, e.g., light scattered
by, reflected by, or otherwise emitted from the tendon in response to illununation {eg.,
tHumination by coherent light from outside a skin surface proxumate the tendon). In some
examples, an implanted device could be implanted proximate a nerve or muscle fiber and could

detect electrical activity {€.g., action potentials) of the nerve or muscle fiber. This could inchude
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detecting clectrical ficlds or currents produced by the nerve or muscle fiber, e.g., by detecting
a biopotential between two or more clectrodes of the microelectronic device. Implanted
devices as described heremn could be disposed within or proximate to other fissues and
contigured to detect other physiological parameters and/or physical vanables, or could be
disposed within environments that are not part of a human body.

{6631} Further, while the reader device 125 of Figure 1A is dlustrated as being located
away from the surface of the arm 111, a reader device as described herein could be configured
to be placed m contact with a skin surface beneath which an mmplanted device 1s located, or in
contact with the surface of some other environment or material containing a wireless sensor
device as described herein.

{6632} The mplanted device 120 can be configured to detect physiological and/or
hemodynamic parameters of the arm 110 {¢.g., a hemodynamic parameter of the portion of
subsurface vasculature 115 and/or of blood therein), to detect some other propertics, or to
provide some other functions. Related to such operations of the implanted device 120, the
reader device 125 15 configured to provide (using one or more antenna coils of the array of
antenna coils 140) radio frequency power 143 to the implanted deviee 120. The reader device
125 15 also configured to receive wireless transmissions 145 from the implanted device 120.
In examples wherein the wireless transmissions 145 include radio frequency wireless
transmissions, the reader device 125 could operate one or more antennas coils of the array of
antenna coils 140 to receive the wireless transmissions 145, Additionally or alternatively, the
wircless transmissions 143 could include optical signals {e.g., visible, infrared, or ultraviolet
light emitted from the implanted device 120 over time to indicate information), and the reader
device 125 could mchide one or more hght sensors {¢.g., photodicdes, phototransistors,
cameras) that are operable to receive such optical signals.

{6633} The waplanted device 120 can use radio frequency power provided by the
reader device 125 to, ¢.g., operate a sensor 1o detect a physiological parameter {e.g., a
hemodynamic parameter of the portion of subsarface vasculatare 1135}, provide the wireless
transmission 145 related to such detected parameters or other mformation to the reader device
123, or perform some other operations. The reader device 123 could be configured to operate
the array of antenna coils 140 to provide some further functions, e.g., to transmit wireless
transmissions o the implanted device 120 {e.g., by modulating a frequency, phase, amplitude,
o1 other properties of the provided radio frequency power 143), to detect the location and/or
orientation of the implanted device 120 relative o the reader device 123, or to provide some

other functions.
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(034} The mplanted device 120 could nclude one or more antennas, coils,
waveguides, ferrites, striplines, or other components configured to receive the provided radio
frequency power 143 {c.g., to receive radio frequency power at a specified frequency). Such
energy-receiving elements could be configured to provide further functions, e.g., to receive
wirgless transmissions from the reader device 125 {g.g., by detecting time-varying patterns in
amplitude, phase, frequency, or other properties of the received radio frequency energy), to
detect a time-varving magnetic fickd {c.g., variations 1 the detected dircction and/or magnitude
of the Earth’s magnetic ficld as the implanted device 120 1s translated and/or rotated with
motions of the arm 110}, to provide radio-frequency wircless transmissions 145 to the reader
device 125, or to provide some other functions according to an application. The implanted
device 120 could additionally be powered by some other clement(s) and/or sources of energy,
¢.g., an electrochemical battery {e.g., a zinc-oxvgen batierv), a capactior, or some other energy
storage means that could be charged or otherwise configured to include a store of encrgy before
implanting the mplanted device 120 in a body {c.g., beneath skin surface 111). In some
examples, the implanted device 120 could be configured to receive chemical energy from the
environment of the implanted device 120, In further examples, the implanted device 120 could
be configured o receive optical power, ¢.g., from ambient light sources, from a hight emitter of
reader device 125, or from some other source.

{8635} The wireless transmission 145 mcludes a ume-varving electromagnetic field
{¢.g., a radio frequency signal) emitied by the implanted device 120, An intensity, frequency,
phase, dircction or degree of polarization, or some other property of the emitted
clectromagnetic field could be controlled by the implanted device 120 1 a manner related to
mformation to be mdicated, ¢.g., to provide an amplitude, phase, frequency, or otherwise-
modulated carrier wave encoded to represent digital codes, binary valugs, or other information
related to physical propertics detected by one or more sensors of the implanted device, an
operational state of the implanted device 120 (e.g., an amount of energy being received by the
device 1203, a cryptographic key or other user credential, or some other information. The
emitted clectromagnetic field could be generated by a coil, stripline, antenna, or other elements
of the implanted device 120; additionally or altematively, the emitted electromagnetic field
could include electromagnetic energy received by the implanted device 120 and reflected by a
coil, antenna, or some other ¢lement(s} of the implanted device 120 that has a controllable
mmpedance or some other controliable clectrical property. For example, an impedance could
be selectively applied to terminals of a cotl (or other antenna clement(s}) to detune the coil such

that the coil backscatters or otherwise reflects more or less recetved electromagnetic energy

- 10-
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over time to mndicate some mformation.

8036} In some examples, the implanted device 120 could be configured to operate
mdependently to log a plurality of values of a detected physical vanable and/or hemodynamic
or physiological parameter (powered, e.g., by ambient energy sources, by a battery, by glucose
or some other source of biochemical energy in the body, or by some other power source) and
subsequently to provide wireless transmissions 145 indicating such logged mformation, e.g.,
to the reader device 125, Addutionally or alternatively, the implanted device 120 could be
configured to operate in response to receiving radio tfrequency power 143 from the reader
device 125 and to wirelessly transmit, to the reader device 125, information related to detected
physical vanables, hemodynamic or physiclogical parameters, or some other information. In
some examples, detecting a hemodynamic or physiclogical property (e.g.. a volume of blood
m the portion of subsurface vasculature 115} could include detecting an nteraction between
the portion of subsurface vasculature 115 and/or arm 110 and the reader device 125, eg.,
detecting an amount of absorption, by the portion of subsurtace vasculature 115, of itlumination
provided by a light emitter of the reader device 125,

{6637} Ag Hlustrated i Figure 1A, the reader device 125 is operating a particular
antenna coil of the array of antenna coils 140 1o interact with (1.¢., to provide radio frequency
power 143 to and to recetve wireless transnussions 143 from) the implanted device 120. The
reader device 125 could select and operate any of the antenna coils of the array of antenna coils
140 1o perform such functions, or additional functions {e¢.g., to transmif wireless transmissions
to the tmplanted device 120, to detect the depth of the implanted device 120 beneath the surface
of the skin 111}, Additionally or altematively, more than onc antenna coil of the array 140
could be operated {e.g., as a phased array to form a beam or other pattern of emutted
clectromagnetic energy) to provide wireless caergy to, 1o provide wireless transmissions to, (o
receive wireless transmissions from, or to otherwise wirclessly interact with the mmplanted
device 120, Further, multiple impianted devices could be disposed within the arm 110 (or some
other environment of interest) and the reader device 125 could operate multiple antenna coils
and/or multiple sets of antenna coils of the array 140 to mteract with (¢.g., to provide wircless
energy o, 1o receive wireless transmissions from) multiple respective implanted devices.
6038} Each antenna coil of the array 140 has a respective degree of clectromagnetic
coupling with the antenna of the implanted device 129, To iilustrate this. Figure 1B shows the
reader device 125 mounted to {e.g., held in place against by hand, strapped to, adhered to with
an adhesive, or otherwise placed i contact with) the skin surface 111 of the arm 110, Five

particolar antenna coils 141a-¢ of the array of antenna coils 140 are shown in cross-section.
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Further, the antenna 121 of the implanted device 120 is shown in cross-section (illustrated, by
way of example, as a loop antenna). The degree of electromagnetic coupling between cach of
the particular antenna coils 141a-c 1s illustrated by the thickness of respective arrows. Further,
cach antenna coil of the array 140 has a respective field geometry of any electromagnetic ficlds
that may be generated using the antenna cotl, e.g., by applying time-varyving currents and/or
voltages to the antenna cotl. These field geometries can be related to the electrical properties
of tissues or abjects in the environment of the coils, e.z., by tissues or fluids of the skin or by
the electrical properties of other coils of the array 140, Each antenna coil may also, when
operated to transmit radio frequency power, provide radio frequency power to tissues or fluids
of the skin 110, The amount of this power absorbed by the skin and the distribution across
space of such absorption within the skin can be related to the geometry of the clectromagnetic
field generated by the antenna coils.

{6639} The degree of clectromaguetic coupling {e.g., near-field electromagnetic
coupling) between a particular antenna cotl and the antenna 121 of the implanted device 120
can be related to a location or orientation of the implanted device 120 relative to the particular
antenna coil, to propertics of the environment of the antenna 121 and coils, or to some other
factors. For example. the degree of electromagnetic coupling could decrease with mcreasing
distance between the implanted device antenna 121, The degree of clectromagnetic coupling
could additionally be related to the degree of alignment (e.g., a relative angle between a
characteristic axis of the implanied device antenna 121 and an antenna codl of the array 140,
¢.g., an axis perpendicular to the planc of an antenna coul). This is illustrated in Figure 1B by
the thickness of arrows 143a, 145¢ corresponding to antenna coils 141a, 141¢ being less thick
than arrows 145b, 145d corresponding to antenna coils 141b, 141d, which are in turn Jess thick
and the arrow 145¢ corresponding to the middle antenna coil 141c. The degree of coupling
could additionally be related to a permittivity, permeability, conductivity, diclectric constant,
or other propertics of material disposed between and/or proximate to the mmplanted device
antenna 121 and antenna cotls of the array 140.

[0040] As shown, the reader device 125 is configured to mount to the skin surface 111
to minimize the distance between the implanted device antenna 121 and antenna of the armray
of antenna coils 140, Further, a reader device and/or an array of antenna coils thereof could be
flexible, could have a curved shape, or could be configured in some other way to mininiize the
distance between an antenna of an implanted device and antenna coils of the array of antenna
coils.

[8041] To maximize the amount of radio frequency power received by the implanted
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device 120 from the reader device 125 and/or to increase the efficiency of such power transfer,
the array and/or a particular one or more antenna cotls thereof could be moved to minimize a
distance between the implanted device antenna 121 and a particular antenna coil of the array
140. This could mclude operating a servo or other actuator to adjust the location of the array
140 and/or elements thereof. Additionally or alternatively, a user could adjust the location of
the reader device 125 on the skin to align a particular antenna coil with the implanted device
120, ¢.g., responsive to an instructing indication provided by a display or other clements of the
reader device 125, Aliernatively, the array 140 could include a plurality of antenna coils {as
shown) that span a specified area (e g., a specified area of the skin surface 111, when the reader
device 125 1s mounted thereto} and one or more antenna coils of the array {e.g, 141¢) could be
selected. The selected antenna coil(s) could then be operated to provide wireless power to the
mmplanted device 120,

{0042} To tHustrate this, Figure 1€ shows the arrangement of antenna coils {e g, 141a-
h} of the array of antenna coils 140 of the reader device. The location of a number of implanted
devices 120a, 120b, 120¢ relative to the coils of the array 140 is also ithustrated. Note that the
sizes, shapes, and arrangements of antenna coils and the relative sizes and locations of the
implanted devices 1203, 120b, 120c, arc mtended as a non-himiting cxample of the
configuration of an arrav of antenna coils that spans a specified arca, e.g., a specificd arcaof a
skin surface when mounted to such a skin surface.

{0043} In some examples, a single antenna coil of the amray could be used to provide
radio frequency power to an implanted device. For example, the electromagnetic coupling
between a particular antenna coil and an implanted device could be greater than some specified
amount, a particular antenna coil and an implanted device could be sufficiently aligned, or
some other condition related to the location and/or orientation of an implanted device relative
to a particular antenna coil could be satisfied such that the tmplanted device can be powered
by radio frequency power provided by the particular coil. This is iHlustrated by way of example
by the first implanted device 120a. As shown in Figure 1C, the fivst implanted device 120a 1s
located near the center of a first particular antenna coil 141¢ of the array of antenna coils 140.
The first particular antenna coil 141c could be operated to transmit radio frequency power to
the first implanted device 120a.

[6044] However, in some examples, the relative location and/or ornentation of an
mmplanted device could be such that it 1s beneficial to operate multiple antenna coils of the
array 140 to provide radio frequency power to an implanted device. Forexample, the implanted

device could be located at the edge of an antenna coil, between antenna coils, could have an
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orientation such the coupling between the implanied device and any one antenna coil 1s poor,
or could be located or oriented in some other way such that it is beneficial to operate multiple
antenna coils of the array 140 to transmit radio frequency power to the implanted device. In
such examples, two or more antenna couls of the array 140 could be selected and each of the
selected antenna coils could be operated to emit radio frequency power at a respective
amplitude and relative phase.

{0045] For example, as shown in Figure 1C, a second implanted device 1206 is located
at the edge of one of the coils 141b of the array 140 and near another coil 141a of the array. In
such an example, the two nearby coils 141b, 1413 could be operated to emit radio frequency
power at respective amplitudes and relative phases to provide power to the second implanted
device 120b. In another example, a third implanted device 120c is located between three coils
1411 141g, 141h of the array 140, In this example, the three ncarby coils 1411, 141g, 141h
could be operated to emit radio frequency power at respective amplitudes and relative phases
to provide power to the third implanted device 120¢. The amplitudes and relative phases of the
radio frequency power emutted from each ot the selected antenna coils could be specified such
that a target implanted device 1s located within a region of constructive interference, in the near
field of the selected coils of the array 140, between the time-varying electromagunetic fields
emitied from the selected coils of the array 140,

{86646} As shown i Figure 1C, the antenna coils are hexagonal, have substantially the
same size, are non-overlapping, and are arranged in a substantially regular, repeating pattern
across the area spanned by the array 140, However, the antenna coils of an array of antenna
coils of a reader device as desenbed herein could be configured and/or arranged in some other
way o span a specified array according to an application. For example, the antenna coils could
be triangular, circular, square, elongate, or some other shape. Further, the antenna ¢otls could
partially overlap cach other, could be arranged irregularly (that is, not in a substantially regular,
repeating pattern). Further, while the illustrated array of antenna coils 140 includes antenna
cotls that are substantially planar and that are arranged in the array 140 such that the antenna
coils are substantially coplanar, other onientations and/or arrangements of antenna coils are
anticipated. For example, an array of antenna coils could include a plurality of antenna coils
that have a vanety of different orientations, ¢.g., to provide greater control over the geometry
of a radio-frequency electromagnetic field generated by operating two or more antenna coils
of the array 140 to provide radio frequency power at respective amplitudes and relative phases
{c.g., to control a pattern of constructive and destructive mterference between radio frequency

power emitted from each of the operated two or more antenna coils),
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{6047} Further, a size, impedance, or other properties of the antenna coils could be
specified according o an application. For example, the antenna coils could have a stz
{indicated in Figure 1C by the diameter deew) that is related to a frequency of radio frequency
power provided, by the antenna coils, to an mplanted device. Additionally or altemnatively,
such a size could be specified to maximize the degree of electromagnetic coupling between the
antenna coil and an implanted device that is located at a specific depth beneath the skin. Ina
particular example, an antenna col could have a diameter of between approximately 3
millimeters and approximately 3.3 millimeters in order to, for example, maximize the degrec
of electromagnetic coupling between the antenna coil m an implanted device located between
approximately I millimeter and approximately 2 millimeters bencath the surface of the skin.
The size of the amtenna coil could be mcreased in order to maximize the degree of
clectromagnetic couphng with tmplanted devices located at greater depths within the skin.
Correspondingly, a frequency of electromagnetic energy provided by the antenna cotl{s) could
be decreased. Antennas of an array of antenna coils could have respective different sizes or
other respective different properties.

048] The distance between the antennas could be specified to minimize the degree of
clectromagaetic coupling between the antenna coils of the array, to maximize the arca of the
array that is within at least one antenna cotl of the array {(¢.g., to minimize arcas wherein the
degree of electromagnetic coupling between a single antenna coil and an implanted device 15
low), or according 1o some other consideration. For example, the distance between windings
of individual antenna coils of the arrav of antenna cous 140 (indicated in Figure 1C by the
distance deap) could be specified to minimize electromagnetic coupling between adjacent coils
while also munimizing the area of the array 140 that is not covered by any of the antenna coils.
In a particuiar example, distance between windings of individual antenna coils of the array of
antenna coils 140, deap, could be approxamately 0.5 millimeters. The distance between the
centers of the antenna coils (indicated in Figure 1C by the distance dec) could be specified based
on this specified inter-antenna distance and on the size of the coils. For example, if dosp 18
approximately 0.5 miliimeters and the size of the couls {dewu} 15 between approximately 3
millimeters and approximately 3.5 mubmeters, dee could be between approximately 3.2
millimeters and approximately 3.7 millimeters.

[(3049] The size, shape, and composition of antenna cotls of an array of antenna coils
or other propertics of the configuration of an antenna coil array of a reader device could be
specified according to a varety of considerations. Such considerations can include increasing

an amount of radio frequency power that can be provided, via the antenna cotls, to an implanted
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device, increasing an efficiency of radio frequency power transfer to the implanted device (e.g.,
by increasing a ratio of the amount of power received by the implanted device relative to the
amount of power absorbed by tissues or tluids of the skin), decreasing a volume or arca density
of absorption of radio frequency power by tissues or fhuds of the skin {(¢.g., bv keeping the
amount of power absorbed by any particular volume or area of the skin below some specified
maxtmunm, by increasing 3 ratio of the amount of power received by the mplanted device
relative to the maximum volume or arca density of absorption of radic frequency power by
tissues or fluids of the skin}, or some other considerations.

[6050] According to these considerations, multiple antenma cotls of the array could be
operated simultancously to provide radio frequency power, at respective amplitudes and
relative phases. Additionally or aliematively, the arrav of antenna coils could be configured to
merease a degree of electromagnetic coupling between antenna coils of the array and an
antenna of an implanted device that is implanted bencath a skin surface. This can inciude
mintmizing the distance between the antenna coils and the tmplanted deviee and the reader
device when the reader device 1s mounted to the skin surface, e.g., by configuring the reader
device such that the antenna coils are in direct contact with the skin surface and/or such that
the antenna coils are separated from the skin surface by a laver of protective or otherwise
configured material having a specified small thickness.

0051} Maximizing a degree of electromagnetic coupling between antenna coils of the
array and the antenna of the implanted device can alse include specifving a quality factor, a
size, a resonant frequency, an imepedance, a standing wave ratio, or some other properties of
the antenna coils of the arrav. This can mclude coupling the antenna coils to respective
capacttors, disposing a laver of material having a specified thickness, diglectric constant, or
other propertics between the anteona coils and the skin surface, €. g, to prevent detuning of the
antenna coils or other effects on the clectrical propertics of the antenna coils by tissucs of the
skin. Maximizing a degree of electromagnetic coupling between antenna coils of the array and
the antenna of the implanted device can include configuring the reader device according to
further considerations.

[052] As an illustrative example, Figure 2 illustrates, in cross-section, clements of a
reader device 200, including the windings of a particular antenna cotl 210 of an antenna array
of the reader device 200, The reader device 200 1s mounted to the surface of skin 205 proximate
the location of an implanted device 207 within the skin. The mmplanted device 207 1s located

at a depth beneath the surface of the skin that is within a range of expected depths, indicated
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205, A contact layer 240 having a thickness fapessvare 15 disposed between the antenna coil 210
and the skin 205 and includes the mounting surface 245. The reader device 200 further inclades
a ground plane 220 that is separated trom the antenna cotl 210 by a spacing laver 230 having a
thickness fapsrare. The reader device further includes a printed civcuit board 250 (PCB) on
which are disposed electronics 260. The electronics 260 are coupled, viatraces 263 formed on
the PCB 250, to the antenna coil 210, the ground plane 220, and other clements of the reader
device 200 {(not shown). Propertics of the device 200 (e.g., a size or diameter of the coil 210,
the thicknesses of the contact laver 240 and/or spacing layer 230) could be specified relative 1o
the expected depth of the implanted device 207 beneath the skin (2., based 08 dmim and dwar),
the size of an antenna of the implanted device 207, or some other {actors.

{6653] As shown, the antenna coil 210 is separated from the skin surface by a contact
laver 240. The contact layer 240 could be configured to protect the antenna coil 210 from
damage. The contact laver 240 could alsc have a thickness, diclectric constant, or other
propertics specified to prevent or reduce loading, detuning, or other effects of the skin 205 on
electrical propertics of the antenna coil 210, For example, the contact laver 210 could be
composed of a low-loss material {¢.g., a hvdrocarbon/ceramic laminate material) to minimize
dissipation of electromagnetic energy enutied by the coid 210, For example, the contact layer
240 could be composed of 3 material baving a loss tangent that 1s fess than approximately 0.002.
Additionally or altematively, contact layer 210 could have a low relative permuthivity that is
low, in order to maximize the efficiency of the antenna. For example, the contact layer could
have a relative permittivity that is less than approximatelv 3.5,

[054] In order o decrease detuning of the antenna coil 210 or other deleterious
electrical effects of the skin 205 {(e.g., of the relatively high relative permittivity or other
clectrical properties of the skin} on the performance of the antenna 210, the thickness of the
contact layer 210 could be increased. However, increasing the thickness of the contact layer
240 could decrease coupling between the antenna coil 210 and the antenmna of the implanted
device 207 by mercasing the distance between the implanted device 207 and the antenna coil
210, Thus, the thickness of the contact layver 240 could be specified based on a combination of
factors (e.g., reducing distance to the implanted device 207 while minimizing the effects of the
skin 205 on electrical properties of the antenna coil 210}, e.g., the contact layer 240 could have
a thickness between approximately 0.1 millimeters and approximately 0.4 mullimeters.
Alternatively, the contact layver 240 could be omitted from the reader device 200,

{8655} The iHustrated reader device 200 includes a ground plane 220 separated from

and substantially parallel to the antenma coil 210. The ground plane 220 could be composed of
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copper or some other conductive material. The ground plane 220 1s separated from the antenna
coil 210 by a spacing layver 230. The spacing layer could be composed of a low-loss material
{c.g., having a loss tangent less than approximately 0.002) or otherwise specified {¢.g., to have
a low relative permittivity, ¢.g., less than approximately 3.3) to improve the electromagnetic
coupling between the antenna coil 210 and the implanted device 207, to reduce an amount of
energy emitted from the antenna coil 210 that is absorbed by the spacing laver 230, to increase
an cfficiency of the antenna coil 210, to minimize radiation of electromagnetic encrgy by vias
215 connecting the coil 210 to other clements of the device 200, or accordmg to some other
consideration.

{6056] The ground plane 220 and properties thercof {c.g., thickness, material
composition, distance from the antenna coil 210) could be configured to increase the
clectromagnetic couphing between the antenna coil 210 and an antenna of the implanted device
207, e.g., by reflecting radio frequency waves emitted from the antenna 210 and/or the
implanted device 207 {c.g., by being separated from the antenna cotl 210 by a distance related
to the wavelength of the emitied radio frequency waves and/or related to the size of the antenna
cotl 210). For example, if the diameter of the antenna coil 210 is between approximately 3
millimeters and approximately 3.5 millimeters, the ground plane could be greater than
approximately 1.5 millimeters from the antenna coil 210 (that is, the spacing laver 230
thickness, fsbsrare, could be greater than approxamately 1.5 nullimeters). The thickness of the
spacing laver 230 could be increased with increases in the size of the antenna coil 210,

{6057 The ground plane could be formed to mclude a variety of structures, ¢ g, radio
frequency resonators, reflectors, or other structures configured to mmprove transfer of radio
frequency energy and/or transmissions between the antenna coil 210 and the implanted device
207, The reader device 200 could include additional ground plane lavers and/or layers of
formed resonators, reflectors, or other structures {(¢.g., disposed between the illustrated ground
plane 220 and the antenna coil 210, disposed on the mounting surface 245 of and/or within the
contact layer 240}, Alternatively, the ground plane 220 could be omitted from the reader device
200.

[B058] The dlustrated structures of the reader device 200 could be fabricated in a
variety of ways. In some examples, the antenna coil 210, ground plane 220, and/or traces 265
could be formed via deposition, photo-pattermning, or some other methods on a multi-layer
printed circuit board. For example, the antenna coil 210 and ground plane 220 could be formed
on opposite sides of a sheet of low-loss material and electrically and mechamnically coupled to

the PCB 250 on which the traces 265 are formed. In another example, the ground plane 220
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and traces 265 could be formed on opposite sides of the PCB 250, and the spacing layer 230,
antenna coil 210 {e.g., as one or more pieces of wire wound into a coil), and contact layer 240
could be disposed thercon. o a further example, the traces 265, PCB 2350, ground plane 220,
spacing layver 230, antenna cotl 210, and contact laver 240 could be formed as a single multi-
laver printed circuit board. In some examples, one or more of the iHlustrated structures could
be a flexible material, such that an array of antenna coils that comprises the ilustrated structures
is flexable.

[(059] In some examples, one or more of the iltustrated structures could be composed
of a transparent material such that ilomination can be delivered to the implanted device 207

and/or the skin 205 through such structures and/or such that light reflected by

J2

scattered by,
fluorescently absorbed and re-cnitted by, or otherwise emitted by the implanted device 207
and/or skin 205 can be detected through such structures. Additionally or alternatively, a
window could be formed through one or more of the Hlustrated structures to allow lumination
to be emitted through such windows and/or to allow light to be received form the implanted

device 207 and/or skin 203 through such windows.

Hi.  Selection of coils of an array of antenna coils and determination of

amplitudes and relative phases of radio frequency power emitted therefrom

{0064] As noted above, an array of antenna cotls mounted to a skin surface can be
operated in a variety of ways to provide radio frequency power to a device implanted beneath
the skin surface. In some cxamples, ¢.g., wherein an electromagnetic coupling and/or
alignment between a power-receiving antenna of the implanted device and a particular antenna
coil of the array is particularly good, a single antenna coil of the array of antenna coils could
be operated to emit radio frequency power to the implanted device. However, in some
examples, two or more antenna coils of such an array could be operated to enmit radio frequency
power to wirelessly provide power to the implanted device. Two or more antenna cotls could
be used in such a way when a single coil in unable to provide sufficient power to the implanted
device, ¢.g., when the implanted device is located far from the center of anv of the antenna
coils of the array and/or when the orientation of the antenna of the implanted device is not
oriented in a manner that facilitates transmission of radio frequency power from any one
antenna coil to the implanded device. Additionallv or altematively, two or more anteona coils
could be used to provide power to an implanted device accordimg to some other consideration,
¢.g., to increase an efficiency of power transfer, to reduce an amount of radio frequency power

absorbed by tissue of the skin, to decrease a maximum amount of radio frequency power
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absorbed by a particular area or volume of the skin (e.g., to imit a maximum power absorption
density}, or according to some other consideration.

{6061} The selection of antenna coils of such an array of antenna cotls, and the
determunation of amplhitudes and relative phases of radio frequency power emitted from gach
of the selected antenna coils, could be deternuned based on the focation and/or onentation of
an iraplanted device relative to the array of antenna coils. A system including such an array of
antenna cotls could determine the relative location and/or orientation of an implanted device 1
a variety of ways. In some examples, the system could detect the location and/or onentation
of the implanted device based on light emitted, scattered, and/or reflected by the implanted
device. This could inchide operating one or more hght sensors {¢ g, photodiodes, cameras) of
the device to receive light emitted, reflected, and/or scattered from the implanted device. This
could further include the system illuminating the implanted device {e.g., with one or more
LEDs, lasers, or other light-emitting clements). Additionally or aliernatively, a system
mecluding such an array of antenna coils could operate the arrav of antcona coils to determine
the relative location and/or orientation of an implanted device.

08062} An array of antenna coils could be operated in a vanety of ways to detect the
location and/or orientation of an implanted device relative to the array of antenna coils. For
example, the array could be operated to detect a degree of electromagnetic coupling between
the implanted device and each of the antenna coils of the array. This could include providing,
from each of the antenna coils in turn, radio frequency power to the implanted device. A signal
strength of radio frequency signals scattered by, reflected from, or otherwise recetved from the
mmplanted device by each antenna coil, in response to the antenna coil providing the radio
frequency power {e.g., daring a respective period of time}, could be detected and used to
determune the location and/or onentation of the implanted device. Additionally or alternatively,
the implanted device could measure an amount of radio frequency power received from cach
of the antenna coils (e.g., during respective different perods of time) and could provide
wirgless transmissions indicative of the amount of radio frequency power received by the
implanted device. This could include, ¢.g., measuring a magnitude of a voltage output from a
radio frequency rectifier that is coupled to an antenna of the implanted device. Detected signal
strengths, received wircless transmissions, or other mformation related to the location and/or
orientation of the implanted device could be applied to a lockup table or used in some other
way to determine a location and/or onentation of the implanted device relative to the array of
antenna cotls.

{8063} Based on a determined location and/or orientation of an implanted device
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relative to antenna coils of an array of antenna coils, a number of the antenna cotls could be
selected and operated to provide radio frequency power to the implanted device or to otherwise
mteract with the implanted device {¢.g., to transmit radio frequency signals to the mmplanted
device, to receive radio frequency signals from the implanted device). The coils could be
selected, and properties of their operation specified {¢.g., amphtudes and/or relative phases of
emitted radio frequency power), according to a variety of considerations, ¢.g., to increase an
amount of power received by the implanted device, to reduce an amount of power absorbed by
skin or other tissues, o reduce a maximum amount of power absorbed by a particular volume
or arca of skin or other tissues (¢.g., to maintain the maximum volume or area density of radio
frequency power absorbed by the skin}, or according to some other considerations. In some
cases, this could include sclecting a single antenna coil of the area and operating the selected
single antenna coil to provide radio frequency power to an implanted device. For example, if
the implanted device is located near the center of a particular antenna coil and/or if a
characteristic direction of an antenna {c.g., a direction normal 1o a plane of a substantially
planar antenna coil) of the implanted device 1s aligned with the particular antenna coil, the
particudar antenna coil could be sclected from the array of antenna cotls and singly operated o
provide radio frequency power to the implanted device.

[06064] In other cases, two, three, or more antenna coils could be selected and operated
to provide radio frequency power according to respective amplitudes and relative phases to the
implanted device. For example, the implanted device could be located near the edge of a single
coil, or between two or more coils, and the closest two, three, or more coils could be selected
and operated to provide radio frequency power to the implanted device. The amplitudes and
relative phases of the radio frequency power emitted from each of the selected antenna coils
could be specified according to the considerations described herein, ¢.g., 1o increase an amount
of power received by the mplanted device, to increase an efficiency of power fransfer to the
implanted device, to reduce an amount and/or a density of power absorbed by the skin or other
tissues, or according to some other considerations. This could mmchude specifying the
amplitudes and relative phases of the radio frequency power emitted from cach of the selected
antenna coils such that the near-field radio frequency fields generated by the antenna array
exhibit a pattern of constractive and destructive interference within the skin. The amplitades
and relative phases could be specified such that the patiern of constructive and destructive
mterference satisfies some considerations, ¢.g., such that the location of an implanted device 1s
within a region of constructive interference within the exhibited pattern of constructive and

destructive mnterference and/or such that a direction of maximal radio frequency field intensity
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is aligned, at the location of the implanted device, with a charactenistic divection of an antenna
or other radio frequency power-recetving element(s) of the implanted device.

[06065] The selection of a set of antenna coils from an array of antenna coils to provide
radio frequency power to an implanted device, and the determination of amplitudes and relative
phases of such emitted radio frequency power in examples wherein two or more antenna coils
are selected. could be determined. based on a location and/or orentation of the implanted
device relative to the array of antenna coils, in a vaniety of ways. For example, a model of the
electrical properties of the array of antenna coils, skin and other tissue, and the implanted
device could be used to determine the identity of antenna coils to select and the amplhitude and
relative phase of the radio frequency power emitted via the selected antenna cotls using a
method of optimization. Such a method of optumization could include a genetic algonthm,
dynamuc programming, gradient descent, or some other methods or combinations of methods.
The method used could operate to increase an amount of power received by the mmplanted
device, to increase the efficiency of the power transfer, or according to some other
considerations as described herein. Such optimizations could be performed by a controller of
a device that includes the amray of antenna coils.  Additionally or aliernatively, such
optimizations could be performed for a range of different locations and/or orientations of an
mmplanted device relative to an array of antenna coils and the optimizations could be used to
determine information for one or more lookup tables that could be used to determine, based on
a location and/or orientation of an implanied device, a set of antenna coils to use to provide
radio frequency power and, in examples wherein two or more antenna coils are selected, an
amplitude and relative phase of radio frequency power to emut from each of the selected
antenna cotls.

{066] Additionally or alternatively, other methods and/or sources of information could
be used to select antenna coils and/or o determine the amplitude and relative phases of radio
frequency power emitted trom such selected antenna coils. For example, the implanted device
could measure an amount of radio frequency power recetved by the implanted device (e.g., by
measuring a voltage output from a rectifier of the implanted device that is coupled to an antenna
of the implanted device) from an array of antenna coils of a system and could transmit wireless
mdications {¢.g., radio frequency signals, optical signal} to the system in response. The system
could then, based on the received wircless indications of the amount of power received by the
mmplanted device, select antenna coils of the antenna array and specify the amphitude and
relative phase of radio frequency power emitied via the selected antenna coils. This could

mclude using a genetic algorithm, operating one or more negative feedback loops, or operating



WO 2017/136076 PCT/US2016/069426

m some other way, based on received wireless mdications or other information related to an
amount of radio frequency power received by an implanted device, to select antenna coils and
to deternune amplitudes and relative phases of radio frequency power emitted via the selected
antenna cotls. In some examples, a lookup table of other method could be used 1o 1mtially,
based on a location and/or orientation of an tmplanted device, select antenna coils and
determine amplitudes and relative phases of radio frequency power emitted from the selected
antenna coils. Subsequently, the identity of the selected cotls and/or the amplitude or relative
phase of the radio frequency power emitted from the selected coils could be changed based on
received wircless mdications or other information related to an amount of radio frequency

power received by the implanted device.
IV,  Example Implantable Microelectronic Device

[6067] Reader devices described herein include an arrayv of antenna coils configured to
provide wireless {e¢.g., radio frequency) energy o, to transmit wireless transmissions to, to
recetve wireless transmissions from, or other otherwise wirelgssly interact with implanted
devices. Such implanted devices could include one or more antennas {¢.g., muhi-turn coil
antennas) configured to receive such wircless power, 1o comnmunicate wirelessly with the reader
device, or to perform some other functions. Such implanted devices could include a variety of
clectronics configured to provide such functions and/or to provide further functions, ¢.g., to
operatc a sensor {e.g., a light scunsor, an accelerometer, a strain sensor, an analyte sensor, a
biopotential sensor) of the implanted device to measure a property and to transnut a wireless
transmission related to the measured property and/or related to some other information {e.g.,
mformation about the wlentity or operational state of the tmplanted device, information about
a crvptographic key, information about a user profile or user authentication information}.

{0668} Such implanted devices could have a very small size (e.g., could have a largest
dimenston that is less than approximately 1 millimeter). Thus, implanted devices as described
herein could be described as microclectronic devices. Such microclectronic devices could
melude logic gates, mucrocontrollers, or other digital logic elements configured to be powered
by wireless power received from a reader device and/or to generate wireless transmissions (o
the reader device. Alternatively, taplanted devices as described berein could include only
analog components (c.g., resonators, vartable capacitors having a capacitance related to a
physical vanable of mierest, surface acoustic wave transducers and/or filters). In some
examples, components {e.g., ¢lectronics, sensors, antennas} of such implanted devices could

be enclosed within a protective and/or encapsulating shell or laver, ¢.g., glass, a passivation
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layer formed on a semiconductor, 1o protect the components from the environment within a
body and/or to improve the biocompatibility of the implanted device.

{6669} A microelectronic implanted device as described herein (e.g., 120, 207) could
be formed by a varniety of processes such that the microelectromic device has a small size (e.g.,
a largest dimension less than approximately 0.4 millimeters). In some examples, this could
mchide forming most or all of the elements of the microclecironic device on or within a single
mtegrated circuit {e.g., an integrated circuit having an area of less than approximately 400
microns by less than approximately 400 microns and a thickness less than approximately 100
microns}. That is, a sensor, an gncrgy receiver, a transmitter, a controller, and/or some other
clements of the microelectronie device could be provided m a single mtegrated circuit. In some
exaraples, additional components could be formed on and/or adhered or connected to such an
mtegrated cirenit.  For example, a coil or other antenna structure(s) could be clectrically
connected to and/or wound around the periphery of such an integrated circuit. Further, a laver
of protective, biocompatible, analvie-sensitive, or otherwise configured material could be
formed on one or more surfaces of such an integrated circuit {e.g., to encapsulaie the mtegrated
circuit) to provide some other functions, ¢.g., to control an interface between the integrated
circuit and tissue into which the integrated circuit is implanted or otherwise disposed. In some
examples, a microclectronic device could be formed from multiple integrated circuits reflow-
soldered, adhered with an adhesive, or otherwise bonded together {¢.g., a first integrated circuit

that includes a controiler and a sensor bonded to a second integrated circuit that includes an

o

SRETgY receiver, a transmitter, and an antenna coil clectronically connected to the energy
receiver and transmitier).

{6070} Ag an illustrative example, Figures 3A and 3B show (in a perspective view and
a cross-sectional view, respectivelyy an tmplantable microelectronic device 300 that comprises
a single utegrated circuit 310 {c.g., an intcgrated circuit formed from a single picce of silicon
or some other semiconductor or other mitegrated circuit substrate material). A varety of
components of the microelectronic device 300 are formed from the mtegrated circuit 310
These components include an antenna coil 325, a photovoltaic cell 320, a number of hght
sensors 330 {e.g., photodiodes, phototransistors, some other optoclectronic clements), and first
and sccond electrodes 330, The microelectronic device 300 further includes, formed on the
surface{s) of the integrated circuit 310, optical filters 335, an encapsolation layer 340, and an
analyte-sensitive substance 355,

{8671} The col 325 could be configured to receive wireless energy {e.g., radio

frequency power transmitted from a reader device or other external system)} to power the
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microelectronic device 300, Additionally or alternatively, the coil 325 could be configured to
recetve and/or transmit wireless transmissions from/to an external system or device {e.g.,
from/to one or more antenna coils of an array of antenna coils of a reader device as described
cisewhere herein). The coil could be operated to emit wireless mdications by controlling a
pattern over time of an amount of received radio frequency power that 1s backscattered or
otherwise reflected by the coil 325, This could include detuning the coil 325 or otherwise
controlling one or more clectrical properties of the coil 325, over time, by connecting a
specitied impedance to the coil 325 (c.g., by operating an electrical switch to connect a
specified low or high impedance across two terminals of the coil 325). As shown, the coil 325
i includes multiple tums of conductive material (e g., polysihicon, metallic traces, some other
conductive material} formed 1o multiple lavers. Aliematively, a coil could include a single tumn
formed m multiple layers (e .g., an effectively helical coil), a number of turns formed m a single
laver (e.g.. a spiral coil}, and/or some other shape or configuration. Further, the microglectronic
device 300 could include striplines, fractal antennas, patch antennas, or some other formed
clements configured to transmit or receive wireless transmissions and/or to receive wireless
encrgy to power the microclectronic device 300.

{0072] Additionally or alternatively, the microelectronic device 300 could include an
LED, laser, or other optoclectronic clement(s) {not shown) configured to provide optical
wirgless mdications {c.g., by conirolling a pattern over time of an infensity, wavelength,
polarization degree or direction, or some other property of an emitted optical energy over time).
[B073] The photovoltaic cell 320 is configured to receive optical encrgy to power the
microclectronic device 300, Further, the photovoltaic cell 320 could be used as a hight sensor
to detect an ntensity or other property of hight received by the photovoltaic ¢ell 320 (e.g., 10
detect an intensity of light transmitted through a portion of subsurface vasculature and received
by the photovoltaic cell 320). This could include detecting a current or voltage produced by
the photovoltaic celi 320,

8074} The light sensors 330 each include one or more of a photodiode, phototransistor,
photoresistive element, or other ight-sensitive element(s). The light sensors 330 can detect the
miensity of light having a specified wavelength, polanzation, direction of meidence, or some
other property of light. In some examples, this could include light-sensitive elements of the
light sensors 330 being sensitive to the wmtensity of received hght and the optical filters 335
being configured to block light that has a wavelength, polarization direction, or other property
that does not correspond to a specified range of wavelengths, polarization directions, or other

propertics such that the intensity detected by the light-sensitive clements corresponds to the
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miensity of light within the specified range of wavelengths, polarization directions, or other
propertics. For example, the optical filters 335 could include Bragg reflectors, color filters, or
other clements configured to pass light within a specified range of wavelengths. In another
example, the optical filters 335 could mclude gratmgs or other elements configured to pass

hight that is meident from within a specificd range of angles relative to the microelectronic

device.
[6075] As shown, the microclectronic device 300 meludes a number of different light
sensors 330, ¢ hight sensors 330 could be configured to detect substantially the same

property of light {¢.g., the intensity of received light within a specified range of wavelengths
from substantially the same range of incident angles relative to the microelectronic device 3003
that is reccived at differont locations of the microclectronic device {(c.g., locations
corresponding 1o the locations of the hight sensors 330). In such examples, the outputs of the
different light sensors 330 could be used to map the intensity of light across a surface of the
microclectronic device 300, to determine a gradient of the light intensity, to deternine a relative
absorption of light by a portion of subsurface vasculature proxumate the microclectronic device
300 {e.g., by comparing the mtensity of light received by a light sensor 330 beneath the portion
of subsurface vasculature to the intensity of light received by a hight sensor 330 that is not
heneath the portion of subsurface vasculature), or to perform some other determination or
function. Additionally or altemnatively, different lights sensors 330 could be configured to
detect lght within different ranges of wavelengths, from different incident divections, or that
differs according to some other property. For example, a fust light sensor 330 could be
configured to detect hight of a first wavelength {e.g., a red wavelength) that is transmitted
through a portion of sebsarface vasculature and a second light sensor 330 could be configured
to detect light of a second wavelength {¢.g., a near-infrared wavelength} that s transmitted
through the portion of subsurface vasculature and an oxygen content or saturation of the blood
i the portion of subsurface vasculature could be determined based on the intensity of light
detected by the first and second light sensors 330,

{6076} The first and second clectrodes 350 could be configured and/or operated in a
variety of ways 1o provide detection of biopotentials (e.g., voltages and/or currents related to
an electromyogram, an electrocardiogram, or signals related to other electrically active cells of
a body), to detect the concentration of an analyte {e.g., hydronium ions, potassium, glucose),
or to provide some other function. The first and second electrodes 350 could be formed of a
metallic and/or conductive material {e.g., polysilicon, aluminum, gold) during the formation of

the wntegrated circuit 310, Additionally or alternatively, a layver of sibver, silver chlonde,
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platinum, gold, or some other material could subsequently be formed (¢ g., by sputtering, by
glectroplating} on the surface of the electrodes 350.

{6677) In some examples, the clectrodes 350 could be configured and/or operated to
detect an analvie in interstitial {or other fluid) within skin or some other tissue within which
the microelectronic device 300 1s disposed. The electrodes 350 could detect the analyvte
clectrochemically, ¢.g., by detecting a voltage between and/or a current passing through the
clectrodes 330 that is related to the concentration, presence, or some other property of the
analvie. Thus, one of the electrodes 350 could be configured to act as a working electrode,
with an immobilized analyte-sensitive substance 355 (¢.g., areagent, a protein, an enzyme} that
selectively interacts with the analvte on or near the working electrode. Such an analyte-
selective substance can be immobilized on the surface of the working clectrode by crosslinking
the substance into a crosslinked layer on the surface of the clectrode. This could include using
an aldehvde, dialdehvde {c.g., glutaraldehyvde}, or cther crosskinking agents to form the
crosslinked laver of the substance on the clectrode surface. Additionally or altematively, such
an analyte-selective substance can be localized within an analyte-permeable polymer laver that
ts disposed on the working electrode.

{6678] The protective laver 340 is provided to protect the integrated circuit 310 from a
tissue environment {¢.g., from damage caused by a forcign body response), to protect tissues
from the integrated circuit 310 (e.g., to prevent cytotoxic chemicals and/or surfaces of the
mtegrated circuit 310 from damaging the tissue and/or emitting harmful chemicals into a body},
to reduce and/or control a forcign bodyv response of a body to the presence of the
microelectronic device 200, or to provide some other functionality. As shown, the protective
laver 340 mchudes windows 345 formed through the protective layer 340 to allow fluids and/or
tissues in the environment of the microelectronic device 300 to contact the electrodes 350
and/or the analvte-sensitive substance 355, The protective layver 340 could include further
windows or other features, ¢.g., to provide access to further sensors {e.g., electrodes, pressure
sensors, analyte or fhid sensors}, to provide means for mounting the integrated circuit 310 {e.g,
attaching a suture or other connecting means to holes, tabs, or other formed features of the
protective laver 3440), or according to some other application.

[60679] The integrated circuit 310 further meludes electronics (not shown) configured
to operate the clements of the microclectronic device 300 {o receive wireless power from an
external source {¢.g., to receive optical, radio frequency, or some other form of energy trom an
external reader device or some other power source), to detect physical variables and/or

determine hemodynamic or physiclogical parameters of a body within which the
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microclectronic device 300 1s disposed, to provide wireless transmissions of detected propertics
or parameters, and to provide other functions of the microclectronic device 300, Such a
controller could include analog clements {¢.g., amplificrs, filters, buffers, power conditioning
circuits, analog  oscillators), digital elements {(eg., analog-to-digital converters,
microprocessors, comparators, logic gates, digital oscillators, memories), or other components
configured to provide functions of the microelectronic device 300

{080} Note that the illustrated microelectronic device 300 is intended as a non-limiting
example. Microelectronic devices as described heremn could include more or tewer of the
tHustrated elements or could include additional elements {¢.g., additional types of sensors,
additional means for providing wirgless indications). For example, a microelectronic device
could wholly or partially enclose a portion of subsurface vasculature, ¢.g., could include a
strain-sengitive extension configure to at least parially enclose a portion of subsurface
vasculabire such that expansion of the portion of subsurface vascolature {e.g., related to a
pressure in the portion of subsurface vasculature, related to a volume of blood in the portion of
subsurface vasculature) could deform the strain-sensitive exiension, allowing the
microelectronic device to detect a strain that is related to hemodyvnamic properties of the portion
of subsurface vasculature.

{06081} Moreover, 1t is particularly noted that while sensors and implantable
microelectronic devices meluding such sensors are described herein by way of example as a
devices configured to be implanted beneath a skin surface of a person {¢.g., proximate a portion
of subsurface vasculature), 1t is noted that the disclosed microelectronic devices can be applied

mn other contexts as well. For example,

, microelectromic devices disclosed herein may be
mcloded i implantable devices used to measure a hemodynamic or physiglogical parameter
or other information relating to an amimal  In another example, microelectronic devices
disclosed herein may be included i devices to measure a light mtensity or other properties of
a natural environment, a material or fhud that is part of an artificial process, such as a waste
treatment process, pharmaceutical synthesis process, food preparation process, fermentation
process, or medical treatment process, or to measure a fight intensity or other propertics of
some other material or environment. Further, reader devices as described herem (1e., reader
devices mcluding arrays of antenna coils configured to interact with such microclectronic
devices) could be configured to be mounted to surfaces of and/or within such alternative

environments.
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v, Example Electronics of a Reader Device

[06082] Figure 4 is a block diagram of a svstem that includes an umplanted
microelectronic device 400 1n wircless communication with an extemal reader device 480, The
microelectronic device 400 inclodes a single integrated circuit 410 that provides one or more
clements of the microelectronic device 400 {(o.g., electronics, sensors, fransmitters, energy
receivers) and that 15 configured to be implanted or otherwise placed bencath a skin surface,
e.g., such that a portion of subsurface vasculature 1s located between the microclectronic device
400 and the skin surface. As ilustrated, the integrated circott 410 provides a light sensor 420,
a transceiver 440, and a controller 450, The transceiver 440 supplics operating voltages to the
controller 450 and/or other elements of the microclectronic device 400 by receiving wireless
power 471 from the external reader 480 and/or transmits wireless transmissions 471 to the
external reader 480, via an antenna array 470. The light sensor 420 is configured to detect a
property {(e.g.. an intensity) of light reccived from the environment of the microclectronic
device 400, e.g., light that has been reflected by, scattered by, partially absorbed by, or
otherwise transmitted through a portion of subsurface vasculature. Such light can be provided
as illumination 461 provided by a light emitter 460 of the external reader 480, or can be
provided from ambient light sources or some other source of tllumination. The transceiver 440
can be operated by the controller 430 1o provide wireless mmdications {e.g., radio frequency
mdications 471) related to information detected or determined using the light sensor 420 and/or
rclated to some other information.

[083] As shown, the transceiver 440, the controller 450, and the light sensor 420 are
provided by the integrated circuit 410. However, one or more of these components, or elements
thereof. could be attached to and/or formed on the ntegrated circuit 410 and/or provided in one
or more further integrated circuits {¢.g., one or more further integrated circuits soldered 1o,
adhered to with an adhesive, or otherwise bonded to and elecirically connected with the
mtegrated circuit 410). For example, a coil or other antenma of the transceiver 440 could be
provided as a loop of wirg or other conductive clements formed on or ctherwise disposed on
the integrated circuit 410, In some examples, such elements, or further integrated circuits,
could be connected to the integrated circait 410 via one or more pads formed on the sarface of
the integrated circuit 410, Further, the mntegrated circuit 410 could be coated i a protective
laver (¢ g., a layer of polvmer) or some other material covering to protect the integrated circuit
410, to control the interface between the microelectromic device 400 and surrounding tissues
or fluids, to sensitize a sensor {e.g., an glectrode’ of the integrated circuit to an analvte of

mterest, to control a property of light received from the environment by the light sensor 420
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(e.g., by forming and/or disposing an optical filter on the integrated civcuit 410 over the hight
sensor 4203

{0084] The controller 450 formed i the integrated circuit 410 could mehude a variety
of elements. For example, the controller 450 could include logic gates, arithmetic logic units,
microprocessors, registers, digital oscillators, counters, logical buses, amplifiers, analog-to-
digital converters {ADCs), mixers, analog oscillators, buffers, or some other component or
coraponents. Such components can be electrically connected via interconnects or traces formed
{c.g., patterned) on or within the integrated circuit 410, The controller 450 can include analog

components {g.g., amphifiers, buffers, current sources), logic elements (e.g.

=

comparators,
counters, digital clocks or oscillators), or other components {¢.g., ADCs) configured to operate
the light sensor 420 to detect the intensity or some other property of a received light, an encoder,
mixer, amphifier, or other elements configured to provide wireless ndications {(e.g., light
mtensity levels, digital codes generated by an ADC, determined phvsiological or hemodynamic
parameters) via the transeciver 440, and/or fo provide other functions.

[085] The transceiver 440 can be configured to receive radio frequency power from
one or more anfennas of the antenna array 470 to power the microelectronic device 400, In
such examples, the transceiver 440 could include a loop antenna (e .. a loop antenna formed
from onc or more layers and/or loops of conductive material formed one or within the
mtegrated circuit 410 and/or formed from one or more loops of wire or other conductive
material formed and/or disposed on the integrated circuit 410} that is configured to receive RF
power from the external reader 480, In some examples, such an RF-power-receiving anicnna
can also be used to communicate with external devices by, e¢.g., ransnutting a wireless
transmission. The controller 450 or some other component of the tmplantable device 400 could
mclude a rectifier or other components configured to generate, using the radio frequency power
recetved via the transceiver 440, a voltage to power the implanted device 400, The controller
450 (or some other element of the implanted device 400) could include and ADC or other
clement(s) that are operable to measure the power received by the device 400 (g, by
measuring a voltage across a rectifier that is coupled to an antenna coil of the transceiver 440)
and such a measured power could be indicated wirelessly to the reader device 480 (e.g., to
mform the operation of the antenma array 470 to provide radio frequency power o the
implanted device 4003

{6686} The sensor interface module 452 could take a variety of forms according to the
methods used to detect properties of light received by the hight sensor 420 and/or the

configuration or operation of further sensors of the microelectronic device 400 {not shown)
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used to detect other physical variables related to physiological and/or hemodynamic parameters
of interest. The light sensor 420 could include a photodiode, a phototransistor, a photoresistive
clement, or some other components configured to output a voltage, a current, or some other
clectnical signal related to the intensity of a received light, the intensity of a received light
within a specified range of wavelengths, the intensity of received hight within a specified range
of polarizations, the intensity of hight received from a specified range of incident angles relative
to the microelectronic device 400, or to detect some other propertics of received light. The
sensor interface module 432 could include amplifiers, transimpedance amplifiers, filters,
buffers, voltage references, APCs, or other components configured to operate the light sensor
420 {or some other sensor(s)) to output a signal {e.g., to generate one or more digital codes)
related to the detected property of light received by the light sensor 420.

10087} Additional or aliernative sensors can be operated by the sensor interface module
452 Such sensors could include temperature sensors, strain sensors, accelerometers,
gYTOSCopes, pressure sensors, electric or magnetic ficld sensors, electrodes or other elements
configured to detect a potential and/or current between two or more locations of tissue or fluid
that arc in contact with the electrodes, analyte sensors, or some other types of sensors.

[6088] The sensor interface 452 can include an ADC configured to receive an electrical
signal that is generated by the light sensor 420 {or some other sensor of the microclectronic
device 400) and/or elements of the sensor interface 452 that are related to a hemodynamic
and/or physiclogical parameter, ¢.g., to a blood flow rate, a blood oxygenation, a volume of
blood in skin, or some other physical vanable, and generate a digital code. The electrical signal
could be a signal generated by an electrode, an amplifier, a buffer, a photodetector, a
multiplexer, or some other electronic component(s) of the microelectronic device 400, Further,
the generated digital code could be related to a voltage, current, frequency, pulse rate, inter-
pulse interval, or some other property of the electrical signal. The ADC could include a direct-
conversion ADC, a successive approximation ADC, a ramp-compare ADC, a pipeline ADC, a
sigma-delta ADC, or some other type of ADC and/or electronic components configured to
generate digital codes based on properties of received electrical signals.  Additionally or
afternatively, a signal related to a property of interest could be used by analog electronics of
the device 400 (e.g., to control a voltage-controlled oseillator to control a frequency, phase, or
other property of a wireless transmission transmitted by the transceiver 440} to provide an
mdication related to a property of mnterest,

{6089} The memory 454 could mclude a variety of volatile and nonvolatile electronic

storage elements configured to provide means for the microglectronic device 400 to record
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and/or Jog mformation {(c.g. digital codes) related to a detected and/or deternuned
physiological property {c.g., related to intensitics of received hight, related to a blood oxygen
content), calibration information, and/or other information detected by or input to the
microelectronic device 400, For example, the memory 454 could include one or more
EEPROM memories, flash memories, NVYRAM memories, DRAM memorics, SRAM
memories, flip-flops, or other information storage elements. The memory 454 could have an
mformation storage capacity sufficient to record some specitied period of information detected
using the light sensor 420 {e.g., digital codes generated based on a signal generated by the hght
sensor 4203 at some specified rate of detection.  Additionally or alternatively, the
microelectronic device 400 could be in commumnication with a memory that is exteraal to the
microclectronic device 400 and that could be used as described above (e.g., to store gencrated
digital codes, to store and/or access calibration or other configuration data of the
microelectronic device 400).

{0030} The controller 430 includes a communication circuit 456 for providing wireless
transmissions 1o one or more antenna coils of the antenna array 470 via the transceiver 440 or
to the reader device 480 via some other indicating means {e.g., viaan LED, a VCSEL, a laser,
or some other light-emiiting means of the implanted device 400 emitting optical signals to a
photodiode or other light-detecting means of the reader device 480). The communication
circuit 436 can optionally include one or more oscillators, muxers, frequency injectors, ete. 1o
modulate and/or demodulate information on a carrier frequency to be transmitted as a radio
frequency indication by a coil, antecnna, or other clements of the transceiver 440, o some
examples, the microelectronic device 400 1s configured to transmit information (¢.g., generated
digital codes, values of a physiological parameter determined therefrom) by modulating an
mnpedance of an antenna (e.g.. a loop antenna or coil} of the transceiver 440 in a manner that
1s perceivable by one or more antenna coils of the antenna array 470 of the extemal reader 480,
For example, the commumication circuit 456 can cause vanations i the amphitude, phase,
and/or frequency of backscatter radiation from the antenna of the transceiver 440, and such
variations can be detected by one or more antenna coils of the antenna array 470. Such wircless
cornmunication could be compatible with one or more existing backscatter wireless
commumications standards, e.g., RFID. Additionally or alternatively, the communication
circuit 456 and transceiver 440 could be configured to transmit wireless signals according to
some other method, ¢.g., according to the Bluetooth {¢.g., Bluctooth Low Encrgy). ZigBee,
Wik, LTE, and/or some other wireless commumications standard or scheme. In some examples,

such commumications {¢.g., data transmitted from the microclectronic device 400} could be
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cryptographically secured; that 1s, the wireless communications link could be encrypted.
6091} It 13 noted that the block diagram shown in Figure 4 is described in connection
with functional modules for convenience in description.  However, embodiments of the
microelectronic device 400 can be arranged with one or more of the functional modales (“sub-
systems”) implemented in a single integrated circwit {e.g., 410}, multiple integrated circuis
physically and clectrically bonded together, one or more loops of wire or other clements formed
and/or disposed on such an integrated circuit{s), or according to some other consideration.
HEB The external reader 480 includes an antenna array 470. The antenna array
mcludes a plurality of antenna coils that span a specified area {e.g., of a skin surface bencath
which the microelectronic device 400 is disposed) and that have respective degrees of
clectromaguetic coupling with an antenna of the transceiver 440. The antenna array 470 1s
operable to select one or more antenna coils of the array 470 (¢.g., using a radio frequency
switch} and to operate the selected antenna coil(s) to provide radio frequency power 471 to the
microclectronic device 400 via an antenna of the transceiver 440, In some examples, the one
or more antennas used to provide radio frequency power to the microelectronic device 400
could additionally be used to detect an amoont of the transmitted radio frequency power that is
backscattered or otherwise reflected by the microelectronic device 400 to provide a wireless
transmussion of information to the reader device 480, The antenna array 470 and/or antenna
cotls thereof could be configured to perform further funcuions, e.g., to transmit wireless
transmissions to the microelectronic device 400, to detect the location, onentation, or depth of
the microelectronic device 400, or some other functions.

[B093] The external reader 480 further mcludes a hight enmitter 460. The light emitter
460 1s configured to provide illumination 461 that can be reccived by the hight sensor 420 of
the microelectronic device 400, The lHght emitter 460 could include one or more LEDs, lasers,
or other light-emitting clements configured to emit light having a specified wavelength,
spectral content, degree or divection of polarization, coherence length, or some other property
specified according to an apphication.  Such llumination could be scattered by, partially
absorbed by, fluorescently absorbed and re-emitted, reflected by, or otherwise transmitted
through a portion of subsurface vasculature or other tissue or target of interest. A property of
such interaction between the emitted light and the target of interest {¢.g., blood in a portion of
subsurface vasculature} could be detected by the light sensor 420, ¢ g, to determine one or
more propertics of the target. For example, an amount of absorption of hight by blood in a
portion of subsurface vasculature at one or more wavelengths could be related to a volume of

blood in the portion of subsurface vasculature, an oxvgen content of the blood, or some other
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propertics. Additionally or alternatively, a time-varving pattern of constructive and destructive
mterference in coherent light scattered by or otherwise transmitted through blood in a portion
of subsurface vasculature could be related to the velocity (e.g., a distribution of velocities) of
blood cells flowing in the portion of subsurface vasculature. The hight emitter 460 could emit
hight continuously, in pulses, or according to some other pattern. Further, the hight emitter 460
could be operated to optically indicate information, e.g.. in a coded pattern of fight pulses, that
could be detected by the controller 450 using the light sensor 420.

[3094] The memory 482 can also mclude program mstructions 484 for execution by
the processor 486 to cause the external reader 480 to perform processes specified by the
mstructions 484. For example, the program instructions 484 can cause extemnal reader 480 to
perform any of the functions descrbed herein. For example, program instructions 484 may
cause the external reader 480 to provide a user interface that allows for retnieving mformation
communicated from the microelectronic device 400 {e.g., digital codes generated by the sensor
mterface 432, values of a physiological parameter determined therefrom by the controller 450)
by displaving that information on the display 487 in response to commands mput through the
user controls 485, The external reader 480 can also mclude one or more hardware components
for operating the antenna array {o select one or more antenna coils of the antenna array 470, to
receive radio frequency signals 471 from the microelectronic device 400 using the selected
antenna coils, to provide radio freguency power 471 to at least parhally power the
microelectronic device 400 using the selected antenna cotls, or to perform some other functions
{c.g., to transmit a wireless transmission o the microcloctronic device 400). The external
reader 480 can also mclude one or more hardware components for operating the light emitter
460 to ilumimate 461 a target of miterest {¢.g., a portion of subsurface vasculature), or to
perform some other operations.

[6695] The external reader 480 can also be configured to include a communication
mterface 489 to communicate signals via a communication medium 491 to and from a remote
system 490, For example, the remote system 490 may be a smart phone, tablet computer, laptop
computer, or personal computer, and communication mnterface 489 and communication
medium 491 may be a Bluetooth module and wireless Bluetooth communication signals,
respectively, In this example, the external reader 480 may be configured to send information
about the physiological parameter or other mmformation detected or determined by the
microelectronic device 400 to the smart phone, tablet computer, laptop computer, or personal
computer for storage and offline analysis. In another example, the remote system 490 15 a

server at a clinic or physician’s office, the commanication interface 489 1s a WiFi radio module,
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and the communication medium 491 is a network sufficient to enable the transfer of data
between the remote server and the Wik radio module. A physician may use this data to make
determinations or diagnoses related to the subiect’s condition. Further, the external reader 480
may be configured to receive signals from a remote server, such as mstractions sent by a
physician at a remote location to, for example, increase or decrease sampling frequency.
Communication interface 389 could be configured to enable other forms of wired or wireless
communication; for example, COMA, EVDO, GSM/GPRS, WiMAX, LTE, infrared, ZigBec,
Ethernet, USB, FireWire, a wired serial link, or near ficld commumnication.

3096} The exiernal reader 480 can be a smart phone, digital assistant, or other portable
computing device with wireless connectivity sufficient to provide the wircless communication
flink 471 and/or wireless power 471, The external reader 480 can also be implemented as an
antenna array module that can be plugged m to a portable computing device, such as in an
example where the wircless communication link 471 and/or wireless power 471 inciude
clectromagnetic ficlds and/or waves at carrier frequencies not commonly emploved m portable
computimg devices. In some instances, the external reader 480 15 a special-purpose device
configared to be pertodically placed relatively near the microelectronic device 400 to allow the

wireless communication link 471 and/or wireless power link 471 to operate with a low power

budget.
106097} As described elsewhere herein, one or more particular antenna coiis) of an array

of such antenna coils {e.g., 140, 470) can be selected and operated to provide radic frequency
power to an implanted device or to perform some other operations {¢.g., 10 receive wireless
signals from such an implanted device). Such an antenna array and/or antenna coils thereof
can be configured in a variety of ways to provide this functionality. In some examples, cach
of the antenna cotils could be coupled to a respective receiver and/or transmitter, and selection
of a particular antenna coil could include selecting and operating the receiver and/or transmiticr
of the selected antenna cotl while disabling or otherwise operating receivers and/or transmitiers
of non-selected antenna cotls. For example, receivers and/or transmitters of non-selected
antenna cotls could be operated to connect the non-selected antenna coils fo respective
specitied high impedances {e.g., to elecirically disconnect the non-selected antenna cotls from
other components) or specified low impedances {e.g., to electrically short the terminals of the
non-selected antenna coils) to, ¢.g., prevent the non-selected antenna coils from interfering with
the operation of the sclecied antenna coil to provide wireless power, 1o receive wireless
transnussions, or to perform some other functions.

{6098} Additionally or alternatively, all of the antenna coils of an antenna array {or a
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subset of the antenna coils of an antenna array) could be coupled, via a radio frequency (RF)
switch, to ong or more recetvers and/or transmitters. In such an example, operating a selected
antenma coil could mchude operating the RF switch to couple the selected antenna coil 1o a
respective receiver and/or transnuiter. In such an example, cach antenna coil could be coupled
to the RF switch via a respective modulator that is operable to control an amplitude and phase
of the radic frequency power emitted from the antenna coil relative to the radio frequency
power emitted from other selected antenna coil{s). Such a modulator could mclude an
attenuator, a phase shifier, one or more impedance matching circuits, or other elements
configared to control an amplitude and/or relative phase of radio frequency power emitted from
a respective antenna coil {e.g., by attenuating and/or phase shifting radio frequency power
recoived from an RF switch) and/or to match an impedance of a respective antenna to the output
of an RF switch or other components coupled to the modulator and/or antenna cotl.

{6699} To iHustrate this, Figure 5 shows elements of a reader device 300, The clements
nclude antenna coils 351a~c of an array of antenna cotls 510 (that is, ¢.g., configured to span
a specified area of skin surface when the array is mounted to such a skin surface) that are
glectrically connected, via respective modulators $15a-¢ and matching circuits 525a-¢, to an
RF switch 520. The RF switch 1s, in turn, connected to a transceiver 530,

[60106] The RF switch 520 could include a variety of components configured to
selectably couple one of the antenna coils 3lia-e (via a respective modulator 515a-¢ and
matching circuit 525a-¢) to the transceiver 530. The R¥ switch 520 could include one or more
transistors, field effect transistors, bipolar transistors, junction field effect transistors, relays, or
other electrical switching elements that are controllable to selectably couple one or more
terminals of a selected antenna coil (via a corresponding modulator and matching circuit) to
the transceiver 530. Further, the RF switch 520 could be configured and/or operated to couple
non-selected antenna coils to respective specified high or low tmpedances, ¢.g., to reduce
mterference to the operation of the selected antenna coil (2.g., to provide wireless power, to
receive wirgless transmissions) by the non-selected antenna cotls.

{60101 The modulators 315a-¢ can cach mclude a varniety of components configured to
control an amphitude and/or a relative phase of radio frequency power transmutted through the
modulator (e.g., from the RF switch 520 to a respective antenna coil 31ia-¢) and/or to match
an impedance of components coupled to the modulator. The modulators 515a-¢ can each
mclude amplifiers, RF switches, transistors, fixed delay lines, varactors, MEMs devices,
transformers, or other components configured as phase shifiers, impedance matching elements,

attenoators, amplifiers, or other elements to provide fimetionality of a modulator as described
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herein. Such components could be formed on one or more monolithic microwave mntegrated
circuits, One or more analog signals (e.g., voltages, currents) could be applied to control an
amount of attenuation, amphification, and/or phase shifting applied bv amodulator 513a-c (e g,
by applving a voltage to control an RF capacitance of a varactors, by applying a current to
control an RY mmpedance of a PIN diode). Additionally or alternatively, one or more digital
signals could be applied to control an amount of attenuation, amplification, and/or phase
shifting applicd by a modulator 515a-¢ (e.g., by applving a voltage to control one or more RF
switches to control whether a delav line or other component is part of an RF signal path through
the modulator}.

[066102] The transceiver 530 could include a variety of amplifiers, buffers, oscillators,
filters, modulators, or other clements configured to provide wircless power, via one or more
selected antenna coils 511a-e, to an implanted device. The transceiver 330 could additionally
be configured to receive a wireless transmission, via one or more selected antenna coils S1ia-
¢, from the implanted device. The transcetver 530 could be configured to perform both
operations, or to additionally perform further operations, e.g., to transmit wireless
transmissions, via one or more selected antenna coils 311a-¢, to an mmplanted device. In some
examples, the transceiver 530 could be configured to provide radio frequency power, via one
or more selected antenna cotls, 1o an implanted device and to receive a radio frequency
transnussion, vig the selected one or more antenna coils, as an amount of the provided wireless
power that is backscattered or otherwise reflected by an antenna of the implanted device.
{00103} In some examples, an impedance of ports of different components of the reader
device 500 could be substanually different, e.g., antenna coils 511a-¢, the transceiver 530,
and/or the RF switch 520 could have electrically coupled ports that are substantially different.
In such examples, matching circuits {¢.g., 523a-¢} can be provided to match the impedance
between components of the reader device 500, Such matching circuits could include cotls,
chokes, capacitors, striplines, stubs, resistors, or other components configured to transfer radio
frequency energy or signals between components of the reader device 500, Such matching
circuits could have additional functions, e.g., the matching circuits 525a-¢ provided between
the modulators 515a-¢ and respective antenna coils S1la-¢ could set a resonance frequency, a
guality factor, or some other propertics of the antenna cotls Stla-¢.

[00104] In some examples, such matching cirenits {¢.g., 525a-¢) could be controllable
{c.g., could include one or more switches, controllable resistances, controllable impedances, or
other electrical elements having controllable electrical properties) and could be controlled

according to the identity of the antenna coils of a selected set of operated antenna coils,
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according to the location of such selected antenna coils within the array of antenna coils 510,
according to electrical properties of the environment of the array 510 {e.g., according to the
clectrical propertics of skin proximate the array 510), to compensate for differences {e.g.,
lengths, widths) between the feedlines used to transfer signals between each of the antenna
cotls 510a-e and the RF switch 320, or according to some other consideration. Alternatively,
ong or more of such matching circuits could be static, that is, could have ¢lectrical properties
{c.g., input impedance, output impedance, amplitude and/or phase transtor function) that arc
not controllable.  Such clectrical propertics could be specified, eg., to compensate for
differences between the feedlines used to transfer signals between each of the antenna coils
510a-¢ and the RF switch 520 or according to some other consideration.

{00105] Note that, m some examples, impedance-matching clements of the modulators
515a~¢ and/or the matching circuits 525a-e could be omitied, ¢.g., because an impedance of a
port of the RF switch 520 substantially matches an impedance of the antensa coils Stla-c.

g, between the RF switch 520 and

o

Additionally or altematively, further matching cireuits (e,
the transceiver 530} could be provided to facilitate transfer of radio frequency signals between
elements of the reader deviee 500.

[30106] The circuit 500 shown in Figure 5 includes a number of maodulators 515a-¢
configured to modify an amplitude and/or relative phase of radio frequency power that is
emitted from a common transmitter and applied to a number of different antenna coils such that
the different antenna coils can be operated to provide radio frequency power at respective
different amplitudes and/or relative phases. Altematively, two or more transmiiters and/or
recetvers could be provided as apart of a circuit to provide radio frequency power at respective
different amphiudes and/or relative phases, and the provided radio frequency power at
respective different amplitudes and/or relative phases can be provided to respective different
antenna cotls such that the radio frequency power emitted from cach of the antenna coils has a
respective different amphitude and/or relative phase.

[86187] In a first example, each antenna coil could be coupled to a respective transmitter
and/or receiver that is configured to provide radio power at a respective ampliude and/or
relative power, or to provide no radio frequency power {¢.g.. when a corresponding antenna
coil 1s not selected as described elsewhere herein). Figure 6 shows elements of a reader device
600 that is configered m this way. The clements include anteona coils 651a-¢ of an armray of
antenna cotls 610 (that 1s, e.g.. configured to span a specitied arca of skin surface when the
array 18 mounted to such a skin surface) that are electrically connected, via respective matching

circuits 615a-¢, to respective transceivers 630a-c.
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{6108 Each transceiver 630a-¢ could mclude a vanetv of amphifiers, buffers,
oscillators, filters, modulators, or other elements configured to provide radio frequency power,
via a respective antenna cot 61l1a-¢, 1o an implanted device. Each transceiver 630a-¢ could
additionally be configured fo receive a radio frequency signal, via a respective antenna coil
61la-¢, from an implanted device. Each transceiver 630a-¢ could be configured to perform
both operations, or to additionally perform further operations, ¢.g., 1o transmit wircless
transmissions, via respective antenna coils 61la-c, to an implanted device.

{01691 In some examples, an impedance of the transceivers 630a-e counld be
substantially different from the antenna coils 61la-e to which the transceivers 630a-¢ are
slectrically coupled. In such examples, matching circeits 615a-¢ can be provided to match the
mmpedance between components of the reader device 600. Such matchmg circuits could
melude cotls, chokes, capacitors, striplines, stubs, resistors, or other components configured to
transfer radic frequency encrgy or signals between components of the reader device 600. Such
matching circuits could have additional functions, ¢.g., the matching circuits 615a-¢ provided
between the transceivers 630a~¢ and the antenna coils 611a-¢ could set a resonance frequency,
a quality factor, or some other properties of the antenna coils 611a-¢. Note that, in some
examples, the antenna coil matching circuits 613a-¢ could be omitied, o.g., because an
mmpedance of the transceivers 630a-¢ substantially matches an impedance of the antenna cotls
6lla-c.

{06116 In another example, cach antenna coil of a set of selected antenna coils could be
coupled, via an RF switch, to a respective transmitter and/or recetver that is configured fo
provide radio power at a respective amplitude and/or relative power. Figure 7 shows elements
of a reader device 700 that 1s configured in this way. The elements include antenna coils 751a-
o of an array of antenna coils 710 {that is, ¢.g., configured to span a specified area of skin
surface when the array is mounted to such a skin surface) that are clecirically connected, via
respective matching circuits 715a-¢, to an RF switch 720, The RF switch 1s, in turmn, connected
to transceivers 730a-c.

{00111} The RF switch 720 could include a variety of compounents configured to
selectably couple each antenna coil of a selected set of one or more of the antenna coils 71ia-
¢ {via a respective matching circuit 715a-¢) to a respective transceiver 730a-c. The RF switch
720 could inchude one or more transistors, field effect transistors, bipolar transistors, junction
field cffect transistors, relays, or other electrical switching elements that arc controllable to
selectably couple one or more ternunals of a selected antenna coill (via a corresponding

matching cirowit) to a respective transceiver 730a-c (. Further, the RF switch 720 could be
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configured and/or operated to couple non-selected antenna coils to respective specified high or
low mmpedances, e.g., to reduce interferenee to the operation of the selected antenna coil {e.g.,
1o provide wireless power, to receive wireless transmissions) bv the non-selected antenna cotls.
[86112] Fach transceiver 730a-c could include a vanety of amplifiers, butfers,
oscillators, filters, modulators, or other elements configured to provide radio frequency power,
via a respective selected antenna cotl {¢.g., one or more of 71la-¢}, to an implanted device.
Each transceiver 730a-c could additionally be configured to receive a radio frequency signal,
via a respective selected antenna cotl, from an implanted device. Hach transceiver 730a-c could
be configured to perform both operations, or to additionally perform further operations, e.g., to
transmit wircless transmissions, via respective selected antenna coils, to an implanted device.
60113 In some examples, an mmpedance of ports of the RF switch 720 could be
substantially different from components, ¢.g., antenna coils 71la-¢, transceivers 730a-c, to
which the R¥ switch 720 is electrically coupled. In such examples, matching circuits {c.g.,
715a-c}) can be provided to match the impedance between components of the reader device 700.
Such matching circuits could include cotls, chokes, capacitors, striplines, stubs, resistors, or
other components configured to transfer radio frequency encrgy or signals between
components of the reader device 700. Such matching circuits could have additional functions,
¢.g., the matching circuits 715a-¢ provided between the RF switch 720 and the antenna coils
71la-¢ could set aresonance frequency, a quality factor, or some other properties of the antenna
coils 71la-e.

{00114 Note that, in some examples, the antenna coil matching circuits 715a-¢ could be
omitted, e.g., because an mmpedance of a port of the RF switch 720 substantially matches an
impedance of the antenna coils 71la-e. Additionally or alternatively, further matching circuits
could be provided to couple other components of the reader device 700, e.g., to match an
mmpedance between a port of the RF switch 720 and a corresponding transcetver 730a-¢.
[86115] Note that the illustrated components of the nucroelectronic device 400 and
external readers 480, 500, 600, 700 are intended as a non-limiting example embodiments and
that microelectronic devices and/or external readers as described herein may include more or
fewer of the illustrated elements and/or may include further elements. For example, an external
reader 480 may not include a light emitter {g.g., 460). In such examples, a target of interest
{e.g.. a portion of subsurface vasculature} may be itlluminated by some other source of light
{c.g.. ambient light sources). Further examples of implanted devices and extemal readers
configured to power, receive wireless transmissions from, or otherwise interact with such

mmplanted devices are anticipated.
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VI. Example Methods

[06116] Figure 8 is a flowchart of a method 800 for operating a reader device, c.g., a
reader device as described elsewhere herein. The reader device 1s configured to operate m
combination with (¢.g., to provide energy to, to receive wireless transmissions from) a
microelectronic or otherwise configured device that 15 implanted in tissue beneath a skin
surface. The reader device includes an array of antenna coils the span a specified arca of the
skin surface. Each antenna cotl of the array has a respective degree of electromagnetic coupling
with an antenna of the implanted device.

[066117] The method 800 inchides determining a location of an implanted device relative
to the array of antenna coils (804} In some cxamples, the aray of antenma coils could be
operated to detect a degree of electromagnetic coupling between the implanted device and each
of the antenna coils of the array. This could include providing, from each of the antenna coils
m turn, radio frequency power to the implanted device. A signal strength of radio frequency
signals scattered by, reflected from, or otherwise received from the implanted device by each
antenna coil, in response to the antenna cotl providing the radio frequency power (e.g., during
a respective period of time), could be detected and used to determine the location and/or
oricrdation of the uoplanted device. Additionally or alternatively, the implanted device could
measure an amount of radio frequency power received from cach of the antenna coils (e.g.,
during respective different periods of time) and could provide wireless transmissions indicative
of the amount of radio frequency power received by the implanted device. This could include,
¢.g., measuring a magnitude of a voltage output from a radio frequency rectitier that is coupled
to an antenna of the implanted device. Detected signal strengths, received wireless
transmissions, or other information related to the location and/or orientation of the implanted
device could be applied to a lookup table or used i some other way to detcrmine a location
and/or orientation of the mmplanted device relative to the array of antenna coils. Additionally
or alternatively, the location and/or ortentation of the implanted device relative to the array of
antenna coils could be determined based on light reflected by, scatiered by, or otherwise emitted
from the implanted device and detect by light sensors {e.g., photodiodes, cameras) of the reader
device.

[30118] The method 800 further tncludes selecting, based on the determined location of
the implanted device, two or more antenna coils of the amay of antenna coils (306) and
determining, based on the determined location of the implanted device, an amplitude and a
relative phase for each of the selected two or more antenna coils (808}, This could inchude

using a model of the electrical properties of the array of antenna coils, skin and other tissue,
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and the implanted device 1o determine the identity of antenna coils to select and the amplitude
and relative phase of the radio frequency power emitted via the selected antenna cotls asing a
method of optimization. Such a method of optumization could include a genetic algonthm,
dynamic programming, gradient descent, or some other methods or combmations of methods.
The method used could operate to increase an amount of power received by the implanted
device, to increase the eofficiency of the power transfer, or according to some other
considerations as described herein. Such optimizations could be performed by a controller of
a device that includes the arrav of antenna coils.  Additionally or altematively, such
optimizations could be performed for a range of different locations and/or orentations of an
implanted device relative to an array of antenna coils and the optimizations could be used to
deternune information for one or more lookup tables that could be used to determine, based on
a location and/or orientation of an woplanted device, a set of antenna cotls to use to provide
radio frequency power and, in examples wherein two or more antenna ¢oils are selected, an
amplitude and relative phase of radio frequency power to emit from cach of the selected
antenna cotls.

[60119] The coils could be selected (806} and amplitudes and relative phases could be
determuned for cach of the selected antenna couls (808) according to a vanety of considerations,
¢.g., to increase an amount of power received by the implanted device, to reduce an amount of
power absorbed by skin or other tissues, to reduce a maximum amount of power absorbed by
a particular volume or area of skin or other tissues {e.g.. to maintain the maximum volume or
arca density of radio frequency power absorbed by the skin), or according to some other
considerations. This could include specifying the amplitudes and relative phases of the radio
frequency power emitted from each of the selected antenna coils such that the near-field radic
frequency fields generated by the antenna arrav exhibits a pattern of constructive and
destructive interference within the skin. The amplitudes and relative phases could be specified
such that the patiern of constructive and destructive interference satisfies some considerations,
¢.g., such that the location of an implanted device 1s within a region of constructive interference
within the cxhibited patiern of constructive and destructive interfercnce and/or such that a
direction of maximal radio frequency field imtensity is aligned, at the location of the implanted
device, with a characteristic direction of an antenna or other radio frequency power-receiving
clement{(s) of the rmplanted device.

60120} The method 800 further includes providing, via the sclected two or more
antenna coils, radio frequency power to the wmplanted device, wherein providing radio

frequency power to the implanted device includes emitting from ecach of the selected two or
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more antenna coils radio frequency power according {o a corresponding determined amplitude
and relative phase (810}, This could include operating a radio frequency switch to couple the
selected antenna coils to one or more radio frequency transmitters.  This (810} could
additionally mclude operating such one or more radio frequency transmitters to generate radio
frequency power, ¢.g., at one or more respective amplitudes and/or relative phases.
Additionally or altematively, providing, via the selected two or more antenna coils, radio
frequency power to the implanted device (810} could mclude operating one or more modulators
to attenuate, amphiy, and/or phase shift radio frequency power that 1s generated by a transmitter
and transmitting the attenuated, amplified, and/or phase-shified radio frequency power via an
antenna coil such that the radio frequency power emitted via the antenna coil has a specified
amplitude and/or relative phase.

06121 The method 800 could include additional steps. The method 800 could include
transmtting light to the tmplanted device {e.g., through a portion of subsurface vasculature)
such that a light sensor of the implanted device detects a portion of the transmitted light that
has been scattered by, reflected by, partially absorbed by, or otherwise transmutted through a
target of nterest {&.g., the portion of subsurface vasculature). In such examples, a property
{e.g.. an mtensity) of the received light that is detected by the hght sensor of the implanted
device could be related to a volume of biood in the portion of subsurface vasculature, an oxvgen
content of such blood, a pressure or flow rate of such blood, or some other hemodynamic or
other propertigs of the target {c.g., a portion of subsarface vasculature and/or blood thergin).
The method 800 could mchude determining, by the reader device, such a hemodynamic or other
property based on a wireless transmission received from the implanted device (using the
selected antenna) that 1s related to the detected physical vanable {e.g., an infensity of received
light) detected using the light sensor or some other type of sensor of the mmplanted device at
one or MOTC points in time, e.g ., determining a pulse rate, pulse timing, blood pressure, or other
properties of a portion of subswrface vasculature and/or blood theremn based on received
mdications of an mtensity of light transmitted through the portion of subsurface vasculature
and detected using the light sensor at a plurality of different points in time. Emitted light could
additionally or alternatively be used to provide optical power to the implanted device, to
provide optical wireless transmissions (e.g.. commands, programming) to the implanted device,
o1 1o provide some other functions. A reader device could include an array of light emitters,
and cach antenna coil of the reader device could be associated with one or more of the light
emitiers. Light emutters of such an array could be operated {¢.g., to provide illumination, as

described above) based on the determined location of the implanted device, 1.¢., one or more



WO 2017/136076 PCT/US2016/069426

light emitiers associated with the location of the implanted device could be operated to provide
the dlumination. The method 800 could mehude further steps, or steps alternative to those listed

here.
VI, Conclusion

{00122 Where example embodiments involve information related to a person or a
device of a person, the embodiments should be understood to include privacy controls. Such
privacy controls include, at least, anonymization of device 1dentifiers, transparency and user
controls, including fonctionality that would enable users to modify or delete formation
relating to the user’s use of a product.

[66123] Further, i situations wherein embodiments discussed heremn collect personal
mformation about users, or may make use of personal information, the users may be provided
with an opportunity to control whether programs or features collect user information {e.g.,
mformation about a user’s medical history, social network, social actions or activities,
profession, a user’s preferences, or a user’s current location), or to control whether and/or how
to receive content from the content server that may be more relevant to the user. In addition,
certain data may be treated in one or more ways before it is stored or used, so that personally
identifiable mformation is removed. For example, a user’s identity may be treated so that no
personally identifiable information can be determined for the user, or a user’'s geographic
location may be generahized where location information 1s 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 over how information is collected about the user and used by a content server.
{00124 The particular arrangements shown in the Figures should not be viewed as
hmiting. It should be understood that other embodiments may nclude more or less of cach
clement shown i a given Figure. Further, some of the illustrated elements may be combined
oromitted. Yet further, an exemplary embodiment may include elements that are not illustrated
mn the Figures.

[O0125] Additionally, while vanous aspects and embodiments have been disclosed herein,
other aspects and embodiments will be apparent to those skilled in the art. The various aspects
and embodiments disclosed herein are for purposes of dhustration and are not intended to be
hmiting, with the true scope and spirit bemng indicated by the following claims.  Other
embodiments may be utilized, and other changes may be made, without departing from the
spirtt or scope of the subject matter presented hergin, It will be readily understood that the

aspects of the present disclosure, as generally described herein, and illustrated in the figures,
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can be arranged, substituted, combined, separated, and designed in a wide vaniety of different

configurations, all of which are contemplated herein.
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CLAIMS

What is claimed is:

i A device comprising:

an array of antenna coils, wherein the array of antenna coils can be mounted proximate
a skin surface and to span a specified arca of the skin surface when so mounted, such that each
antenna cotl of the array of antenna coils has a respective degree of electromagnetic coupling
with an antenng of an implanied device that 1s implanted beneath the skin surface; and

a controller operably coupled to the array of antenna coils, wherein the controller
comprises a computing device programmed to perform operations comprising;

determining a location, relative to the array of antenna coils, of the implanted
device;

selecting, based on the determined location of the implanted device, two or more
antenna cotls of the array of antenna coils;

deternuning, based on the determuned location of the implanted device, an
amplitude and a relative phase for cach of the selected two or more antenna coils; and

operating the selected two or more antenna coils to provide radic frequency
power to the implanted device, wherein operating the selected two or more antenna
cotls comprises emitting from each of the selected two or more antenna coils radio
frequency power according to a corresponding determined amplifude and relative phase.

2. The device of claam 1, wherein at least one antenna coil of the array of
antenna coils has a diameter between approximately 3 millimeters and approximately
3.5 millimeters.

3. The device of claim 1, wherein the device further comprises a ground
plane that is locally substantially parallel to the array of antenna coils, and wherein
the ground plane is separated from the array of antenna coils by a spacing layer.

4, The device of claim 1, further comprising a contact layer, wherein the countact
layer contacts the skin surface and is disposed between the skin surface and the array of antenna
coils when the array of antenna coils is mounted proximate the skin surface.

5. The device of claim 4, wherein the contact layer has a thickness that is between
approximately 0.1 millimeters and approximately 0.4 mullimeters.

6. The device of claim 1, further comprising;

a radio frequency switch, wherein each antenna coil of the array of antenna coils is

coupled to the radio frequency switch, wherein operating the selected two or more antenna
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coils to provide radio frequency power to the implanted device comprises operating the radio
frequency switch to couple the selected two or more antenna coils to the controller.

7. The device of claim 6, wherein each antenna coll of the array of antenna coils
is coupled to the radio freguency switch via a respective modulator, wherein each modulator
is operable to control an amplitude and a relative phase of radio frequency power provided,
from the radio frequency switch, to a respective antenna coil, and wherein emitting from each
of the selected two or more antenna coils radio frequency power according to a corresponding
determined amplitude and relative phase comprises operating two or more modudators
associated with the selected two or more antenna coils according fo respective determined
amplitudes and relative phases.

8. The device of claim 1, wherein determining a location of the implanted device
COMPYises:

for each antenna coil, (i) providing radio frequency power via the antenna coil, and (31}

detecting a reccived signal strength of a radio frequency signal received by each antenna coil;

and

determining a location of an implanted device based on the detected received signal
strengths.

9. The device of claim 1, wherein deternvining a location of the vuplanted device
COMPIISES:

for each antenna coil, (i) providing radio frequency power via the antenna coil, and (31}
receiving, from the mmplanted device, a wircless transmission imdicating an amount of radio
frequency power received, by the implanted device, from the antenna coil; and

determiming a location of an implanted device based on the received wircless
fransnissions.

16. The device of claim 1, wherein selecting, based on the determined location of
the mmplanted device, two or more antenna coils of the array of antenna coils comprises
selecting two coils of the array of antenna coils.

11. The device of claim 1, wherein selecting, based on the determined location of
the implanted device, two or more antenna coils of the amay of antenna coils comprises
selecting three coils of the array of antenna cotls.

12. A method comprising:

determining a location of an implanted device relative to an array of antenna coils in a
reader device mounied to a skin surface, wherein the arrav of antenna coils spans a specified
arca of the skin surface, wherem the mmplanted device is implanted beneath the skin surface,

and wherein each antenna coil of the array of antenna coils has a respective degree of
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electromagnetic coupling with an antenna of the implanted deviee;

selecting, based on the determined location of the mmplanted device, two or more
antenna coils of the array of antenna coils;

determining, based on the determined location of the implanted device, an amphitude
and a relative phase for each of the selected two or more antenna cotls; and

providing, via the selected two or more antenna coils, radic frequency power to the
implanted device, wherein providing radio frequency power to the implanted device comprises
emtting from each of the selected two or more antenna coils radio frequency power according
to a corresponding determined amplitude and relative phase.

13. The method of claim 12, wheremn at least one antenna coil of the array of
antenna coils has a diameter between approximately 3 millimeters and approximately 3.5
millimeters. 14, The method of claim 12, wherein the reader device further comprises a
contact layer, wherein the contact layer contacts the skin surface and is disposed between the
skin surface and the arrvay of antenna coils when the array of antenna coils is mounted
proximate the skin surface, and wherein the contact layer has a thickness that is between
approximately 0.1 millimeters and approximately 0.4 millimeters.

15. The method of claim 1, further comprising a radio frequency swiltch and a
source of radio frequency power, wherein each antenna coil of the arvay of antenna coils 1s
coupled to the radio frequency switch, and wherem providing, via the selected two or more
antenna coils, radio frequency power to the implanted device comprises operating the radio
frequency switch to couple the selected two or more antenna coils to the source of radio
frequency power.

16. The method of claim 15, wherein each antenna coi of the array of antenna coils
is coupled to the radio frequency switch via a respective modulator, and whercin emitting from
each of the selected two or more antenna coils radio frequency power according to a
corresponding determined amplitude and relative phase comprises conirolling, using two or
more modulators associated with the selected two or more antenna coils, an amplitude and a
relative phase of radio frequency power provided, from the radio frequency switch, to the
selected two or more antenna coils according to respective determined amphitudes and relative
phases.

17. The method of claim 12, wherein determining a location of the implanted device
COMprises:

for cach antenna coil, (i) providing radio frequency power via the antenna coil, and (i1)
detecting a received signal strength of a radio frequency signal received by each antenna coil;
and

determining a location of an implanted device based on the detected received signal
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strengths.
18.  The method of claim 12, wherem determining a location of the implanted device
COMPIiSSs:

for each antenna coil, (i) providing radio frequency power via the antenna coil, and (i)
recerving, from the implanted device, a wireless transmission indicating an amount of radio
frequency power received, by the implanted device, from the antenna coil; and

determining a location of an implanted device based on the received wircless
ransmissions.

19.  The method of claim 12, wherein selecting, based on the determined location of
the mmplanted device, two or more antenna coils of the amay of antenna coils comprises
selecting two couls of the array of antenna coils.

20. The method of claim 12, wherein selecting, based on the determined tocation of
the implanted device, two or more antenna coils of the array of antenna coils comprises

selecting two coils of the array of antenna coils.
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DETERMINE A LOCATION, RELATIVE TO AN ARRAY OF
ANTENNA COILS OF A READER DEVICE, OF AN IMPLANTED
DEVICE 800

SELECT, BASED ON THE DETERMINED LOCATION OF THE
IMPLANTED DEVICE, TWO OR MORE ANTENNA COILS OF THE
ARRAY OF ANTENNA COILS

DETERMINE, BASED ON THE DETERMINED LOCATION OF THE
IMPLANTED DEVICE, AN AMPLITUDE AND A RELATIVE
PHASE FOR EACH OF THE SELECTED TWO OR MORE
ANTENNA COILS

o,

PROVIDE, VIA THE SELECTED TWO OR MORE
ANTENNA COILS, RADIO FREQUENCY POWER TO THE

IMPLANTED DEVICE, WHEREIN PROVIDING RADIO

FREQUENCY POWER TO THE IMPLANTED DEVICE INCLUDES
EMUTTING FROM EACH OF THE SELECTED TWO OR MORE

ANTENNA COILS RADIO FREQUENCY POWER ACCORDING TO

A CORRESPONDING DETERMINED AMPLITUDE AND

RELATIVE PHASE
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