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readings that can be wirelessly transmitted to a reader device via the antenna.
The method may also involve determining configuration parameters associ-
ated with the tag device based on the unique identifier. The method may fur-
ther involve storing, in at least one memory, at least a portion of the configur-
ation parameters in association with the unique identifier.
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Using Unigue Identifiers to Retrieve Configuration Data for Tag Devices

BACKGROUND

166811 Unless otherwise indicated herein, the matenals described in this section
are not prior art to the claims m this application and are not admitted to be prior art by
mclusion in this section.

{88821 Radic-frequency identification (RFID} systems imploment wircless
transference of data uthzing radio-frequency (RF) electromagnetic fields. Such systems
may include a reader device, often referred to as an “Uerrogator,” and a tag device, ofien
referred to as a “label.” In some scenarios, RFID tag devices can be included in objects in
order to identify and/or track the objects using the reader device.

[0863] RFID systems can be classified by whether the tag device is “active” or
“passive.” In an examgple system, a reader device may fransmott an RF interrogator signal
to a passive tag device, thereby divecting the passive tag device fo reply to the imterrogator

signal by transoutting an information signal back to the reader device.
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SUMMARY

{884] In a first aspect, a method is provided. The method includes obtaining a
unique identifier associated with a tag device, where the tag device mcludes an anfenna
and a sensor configured to obtain sensor readings that can be wirelessly transmitted to a
reader device via the antenna. The method also mcludes determining, based on the unigue
wdentificr, configuration parameters associated with the tag device. The methed furtber
includes storing, in at least onc memory, at least a portion of the configuration parameters
i association with the umique identifier.

{6085) In a second aspect, a computing device is provided. The computing device
compriscs at least one radio frequency (RF} transceiver unit, at least one processor, and at
least one memory, where the at least one memory stores instructions that upon execution
by the at least one processor cause the computing device to perform operations. The
operations comprise obiaining a unique identifier associated with at least one tag device,
where the at least one {ag device includes an antenna and a sensor configured to obtain
sensor readings that can be wirelessly transmitted to the computing system via the
anteona.  The operations also comprise determining, based on the wnigue identifier,
configuration parameters associated with the at least one tag device. The operations
further comprise storing, in the at least one memory, at least a portion of the configuration
parameters in association with the unique identifier.

[086] In = third aspect, 8 non-transitory computer readable medivom baving stored
instructions s provided. The instructions are executable by a computing device to cause
the computing device to perform functions. The fonctions include obtaining a unique
identifier associated with a tag device, where the tag device includes an antocona and a
sensor configured to obtain sensor readings that can be wirclessly transmitted to the

computing device via the anterma.  The functions alse include determining, based on the
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umique identificr, configuration parameters associated with the tag device. The fimctions
further nclude storing, in at least one memory, at least a portion of the configuration
parameters in association with the unique identifier.

18887} These as well as other aspects, advantages, and alternatives, will become
apparent to those of ordinary skill 1n the art by reading the following detatled description,

with reference where appropriate to the accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS
B Figure 1 is a block diagram of a system with a tag device in wireless
conununication with a reader device, according to an cxamplc embodiment.
{80891 Figure 2 is a flow chart illustrating an example method according to an
example embodiment.
0814 Figures 3A-3B are block diagrams of an example systemn contigured to
implement the example method, according to an example embodiment.
HTTRY Figures 4A-48 are views of an example eye-mountable device, according

0 an cxample embodiment.
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DETAILED DESCRIPTION

{6812} The following detailed description describes various featuves and functions
of the disclosed systems and methods with refercnce to the accompanying figures. In the
figures, similar symbols typically identify similar components, unless context dictates
otherwise. The illustrative method and systern embodiments described herein are not
meant to be himiting. It will be readily understood that certain aspects of the disclosed
methods and systems can be arranged and combined i a wide variety of differont
configurations, all of which are contemplated herein.

i Overview

{0813} When a tag device is taplemented without non-volatile momory, device-
spectfic information, such as calibration information {or other configuration parameters),
historical sensor readings (or other user-specific mformation) can be stored in a reader
device or in a database accessible to the reader device. To associate such device-specific
information with a particular tag device, the tag device can be configured to gencrate and
output a distinctive signature, such as a substantially unique identification sequence. The
identification sequence can be communicated to the reader device, which can then
associate a particular tag device with corresponding device-specific information using the
substantially uniqoe identification sequence to  distinguish between different tag
devices. The substantially unique identification sequence can be a data series that can be
repeatedly (i.e., consistently) generated by the tag device in response to an inferrogation
signal. In some cascs, the data series is hard-coded into the control electronics of the tag
device {(e.g., during device manutfacture} akin to a serial number. In some cases, the daia
serics is generated dynamically (but substantially repeatably) in accordance with process
variations in g series of semiconductive circuit componenis. For instance, a series of

binary bits can be constructed from the output of a set of comparator circuits that each

LN
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settle in one state or another depending on the difference in threshold voltage between two
thin-film transistors.

{6014} Configuring the tag device without noun-volatile memory, and instcad
storing device-specific information in the reader device or in 8 database accessible to the
reader device, allows the tag device to operate at a reduced power budget. Historical
sensor readings for a particular user can also be loaded to a reader device or database 1o
allow the user to track readings over time, without relying on the resiliency/longevity of
any one particular tag device, which may be disposable. In addition, such tag devices can
be disposed without losing auy user-specific or user-sensitive information (e.g., bio-sensor
measurements, temperature measurements, eic.), because such information is stored only
on the reader device and/or networked database.

[0815] An example method can be implemented by a reader device {and/or by at
least one other computing device) o identify one or moultiple tag devices that do not have
non-volatile memory. The ecxampic method can also be implemented to obtain
configuration parameters for the identified tag device(s) and/or other mformation relevant
to the identified tag device(s). Such configuration parameters and/or other information
can then be transmitted by the reader device to the tag device(s), stored locally at the
reader device, and/or stored remotely at another computing device, such as a smartphone.
{8016} In an example embodiment, a tag device including at least an antenna and a
sensor can be in communication with a reader device that is configured to transmuit a signal
to the tag device, such as a signal including data to provide to the tag device and/or an
nterrogation signal to prompt the tag device to transmit information back to the reader
device. The reader device can also be in comnwnication with a server, at which
configuration parameters for the tag device may be stored. In this embodiment, the reader

device may be configured fo obtain a (substantially) unique identifier associated with the
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tag device. The unique identifier may include information associated with where the tag
device was fabricated, when it was fabricated, and/or other tag devices that it was
fabricated with. Further, the unigue identifier may take the form of a substantially unigue
bit sequence that is generated when the tag device is mitially calibrated and configured,
such as the substantially unique identification sequence noted above.

0817] The reader device can obtain the unique identifier in various ways, By way
of example, the reader device may be configured to scan an optical code associated with
the tag device to obtain the unique identifier. The optical code may be a Quick Response
{QR) code, and may be presented on packaging for the tag device, for example. The
optical code may have encoded the vnique identifier of the tag device. Other methods can
be used by the reader device to obtain the unique identifier as well. For example, the
unique identifier can be embedded or otherwise stoved in an RFID-readable device
associated with the tag device, such as another tag device. As such, the reader device may
be configured to imterrogate the RFID-readable device in order to obiain the unique
identifier. As a further example, the unique identifier can be obtained from the tag device
itself by interrogating the tag device.

[0818] After obtaining the unique identifier of the tag device, the reader device
may transmit the ynigue identifier to the server, and responsively receive the configuration
parameters from the server based on the unique identifier. The reader device may then
store g portion of the configuration parameters in its memory. Further, in some scenarios,
the reader device may also transmit another portion of the configuration parameters to the
tag device. Upon receiving the configuration parameters, the tag device may be enabled to
use the configuration parameters to configure one or more of s components, such as its
sensor and/or other circuitry. The tag device’s seusor may be configured to obtain sensor

readings (e.g., data) that can be wirelessly transmitted by the antenma of the tag device and
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received by the reader device. Further, the reader device may be configured to use its
respective portion of the configuration parameters in accordance with data received from
the tag device in order to determine/estimate mformation about the tag device (c.g., a
temperature of the tag device, glucose or other analyte readings obtained by the tag device,
ete. ).

[0819] In another example cmbodiment, a mobile computing device, such as #
smartphone, can be used to obtain the unique identifier. By way of example, the mobile
computing device may be configured to scan the optical code (or muhtiple optical codes, in
some scenarios). The mobile computing device may be configured to function as a reader
device, or may function as an intermediary between the reader device and the server. The
mobile computing device may also be configured to store mubtiple identifiers and
parameters associated with multiple tag devices. For instance, many tag devices may be
packaged together and a single optical code may be used to identify them. Upon scanning
the signal optical code with the mobile computing device, the mobile computing device
may obtain identifiers for each tag device, transmit the identifiers to the server, and
responsively receive configuration parameters associated with each tag device. The
mobile computing device may transmit some or all of the configuration parameters to the

reader device.

I Example Communication System
[020] Figure 1 is a block diagram of a system 100 that includes a tag device 110

in wireless communication with a reader device 160, The tag device 110 may include a
power supply 120, a controlier 130, sensing electronics 144, and a commumication anterma
150. The tag device may also include other electronics not shown in Figure 1. The
sensing clectronics 140 arc operated by the controller 130, The power supply 120 {(e.g., a

rectifier/regulator component of the power supply 120} sopplics and rectifics/regulates
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operating voltages, such as a DC supply voltage 121, o the controller 130 and/or the
sensing eclectromics 140, The antenna 1530 is operated by the controller 130 to
conununicate information to and/or from the tag device 110,

{6021} In some embodiments, the power supply 120 may be coupled to {or
melude) one or more batteries (not shown).  The one or more batteries may be
rechargeable and each battery may be recharged via a wired connection between the
battery and a power supply 120 and/or via a wircless charging system, such as an inductive
charging system that applics an external ime-varying magnetic field to an internal battery.
10622] In some crubodiments, the power supply 120 may be contigured to harvest
ambient energy to power the controfler 130 and the scusing clectronics 140. For exanple,
the power supply 120 may inchide an RF energy-harvesting antenna configured to capture
energy from incident radio radiation provided by the reader device 160, Moreover, the tag
device 110 may receive all of its operating cnergy from an RE signal transmitted by the
reader device 160, Additionally or alternatively to the RF energy-harvesting antonna, the

ALY

power supply 120 may melade solar cell(s) (“photovoltaic cells’

)y configured to capture

cnergy from incondng ultraviolet, visible, and/or infrared radiation. Other embodiments
are also possible,

{8023} The controller 130 is turned on when the PC supply voltage 121 is
provided to the controller 130, and the logic in the controller 130 operates the sensing
clectronics 140 and the antenna 150, The countrolier 130 can include logic circuitry, such
as a sensor interface module 132, configired to operate the sensing electronics 140 so as
1o interact with a surrounding environment of the tag device 110,

{0624} The controller 130 can also include a comwmunication circuit 134 for
sending and/or receiving information via the antenna 130, The communication circuit 134

can optionally include one or more oscillators, mixers, frequency injectors, etc. to

9
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modulate and/or demodulate information on 8 carrier frequency to be transmitted and/or
received by the antenna 150. In some cxamples, the tag device 110 is configured to
indicate an output from the icraperature-sensing clecironics 140 by modulating an
tmpedance of the antenna 150 in a mamner that is percetvable by the reader device 160,
For example, the communication circuit 134 can cause variations in the amplitude, phase,
and/or frequency of backscatter radiation from the antenna 150, and such variations can be
detectod by the reader device 160, In some ombodiments, after the reader device 160
transmits an RF signal to the tag device 110, the reader device 160 can recetve mdications
of results from the scusing clecironics 140 {c.g., data associated with the clectronic
oscillator 142, data associated with the analyie bio-sensor 144, and/or other data)
transmitted back to the reader device 160 by the backscatter radiation, the backscatter
radiation being at a given frequency.

{B0325] The controfler 130 is connected to the seunsing clectronics 140 via
interconnects 135,  For example, where the controller 130 includes logic clemenis
implemented in an fntegrated circuit to form the sensor interface module 132, a patterned
conductive material {e.g., gold, platimum, palladium, titanium, copper, aluminum, silver,
metals, combinations of these, etc.) can connect 3 terminal on the chip to the temperature-
sensing electronics 14{. Similarly, the controller 130 is connected to the antenna 150 via
mnterconnects 136.

[0826] It is noted that the block diagram shown in Figure 1 is described in
connection with functional modules for convenience in description.  However,
embodiments of the tag device 110 can be arranged with one or more of the functional
modules (“sub-systeras”) implemented 0 2 single chip, integrated circeuit, and/or physical
component. For example, the functional biocks in Figure 1 shown as the power supply

block 120 and controller block 130 need not be implemented as physically separated

10
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modules. Moreover, ong or more of the functional moedules described in Figure 1 can be
mplemented by separately packaged chips electrically connected to one another.

16027} The identification sequence generator 138 can be configured fo output a
unique identifier (e.g., an identification sequence). The oeique identifier can be a
substantially unique series of values {e.g., a series of binary values) that provide a unigue
characterizing “fingerprint” for use in distinguishing the fag device 110 from other tag
devices. In accordance with the method described herein, the unigue identifier may be
communicated by the tag device 110 to the reader device 160 1o be used by the reader
device 160 1o retrieve information associated with the tag device 110, A record of the
unique identificr may also be stored outside of the system 100 shown i Figure 1, such as
at a server or mobile computing device.

{68281 The sensing electronics 140 may include an electronic oscillator 142, The
clectronic oscillator 142 may include a relaxation oscillator, such as a ring osciliatoy, or 2
particular modification of the relaxation oscillator. The electronic oscillator 142 may be
utilized, for example, for sensing a temperature of the tag device 110, In other examples,
the electronic oscillator 142 can be configured o be sensitive to other parameters, such as
tight, movement, and umidity, in addition to or alternatively to temperature. As such, the
electronic gscillator 142 can be used to estimate parameters net just of the tag device 110,
but of the tag device’s surrounding environment.

[6029] The sensing clectronics 140 may also include a frequency divider circait
(not shown), which can be used tn accordance with the electronic oscillator 142 and/or
other components of the sensing electronics 140, such as the analyie bio-sensor and/or
other components not described heremn.  The frequency divider circuit may imchide a
standard frequency divider configured to generate an output signal of a frequency based on

an input signal of a frequency. For example, the tag device 110 may generate an RF signal

i1
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of a resuiting frequency based on the oscillator frequency of the clectronic oscillator 142,
In some embodiments, the frequency divider circuit of the tag device 110 may be a
component of a frequency synthesizer system configured fo generate any resulting
frequency that is within a given range of frequencies (e.g., within an optimal range of
frequencies for the tag device 110 to operate at). The given range may be based on the
type of tag device {¢.g., high-frequency RFID tag or ulira-high-frequency RFID tag). The
resulting frequency may be generated from a single oscillator, such as the ¢lectronic
oscillator 142, Further, the resulting frequency can be generated by the frequency
synihesizer system based on frequency wwltiplication, froquency  division, and/or
frequency mixing. In some embodiments, the sensing electronics 140 may include a
frequency adjuster component other than a frequency divider circuit, which may use a type
of frequency adjustment factor to adjust/correct the oscillator frequency.

180341 The scusing clectronics 140 may include an analyte bic-sensor 144, The
analyte bio-sensor 144 can be, for example, an amperometric clectrochemical sensor that
meludes a working electrode and a reference clectrode. A voltage can be applied between
the working and reference electrodes to cause an analyte (e.g., glucose} 1o undergo an
clectrochemical reaction (c.g., a reduction and/or oxidation reaction) at the working
electrode. The electrochemical reaction can generate an amperometric current that can be
measured throngh the working electrode. The amperometric current can be dependent on
the analyte concentration. Thus, the amount of the amperometric current that is measured
through the working electrode can provide an indication of analyte concentration. In some
embodiments, the sensor interface module 144 can be a potentiostat configured to apply a
voltage difference between working and reference clectrodes while measuring & current

through the working electrode.
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{6831} It should be onderstood that components of the sensing electronics 140
described above may have other functionalities related to the operation of the tag device
119 other than sensing paramecters of the tag device’s environment, and thus the
description of their functions should not be Hmited to the description herein.

[0832] The reader device 160 inclodes an antenna 168 {or a group of more than
one antenoac) to send and receive wircless signals, such as RF sigoals, to and from the tag
device 110. The reader device reader 160 also inciudes a computing system with a
processor 166 in commumication with 2 memory 162. The memory 162 s a non-transitory
computer-readable medium that can include, without limitation, magnetic disks, optical
disks, organic memory, and/or any other volatile {c.g. RAM) or non-volatile (e.g. ROMj}
storage system readable by the processor 166. The memory 162 can inclade a data storage
163 1o store indications of data, such as sensor readings, program settings {¢.g., to adjust
behavior of the tag device 110 and/or the reader device 1603, ctc. The memory 162 can
also include program instructions 164 for execution by the processor 166 o cause the
reader device 160 to perform processes specified by the instructions 164, For exanple,
the program instructions 164 can cause the reader device 160 to provide a user interface
that allows for retrieving information conumunicated from the tag device 110 (¢.g., outputs
from the sensing clectronics 140). The reader device 160 can also include one or more
hardware components for operating the antenna 168 to send and receive the wireless
signals to and from the tag device 110. For example, oscillators, frequency injectors,
encoders, decoders, amplifiers, fikers, etc. can drive the antenna 168 according to
instructions from the processor 166,

{6033) The reader device 160 can be a smart phone, digital assistant, or other
portable computing device with wircless connectivity sufficient to provide the wireless

commumnication link 161, The reader device 160 can also be implemented as an antenna
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module that can be phigged i to a portable computing device, such as in an cxample
where the commumication hink 161 operates at camier frequencics not commonly
cmployed in portable computing devices. In some embodiments, the tag device 110 may
be implemented in an eye-mountable device {c.g., a contact lens) so as o sense a
temperature of the eye-mountable device. In such embodiments, the reader device 160
may be configured to be worn relatively near 2 wearer’s oye to allow the wireless
communication link 161 to operate with a low power budget. For example, the reader
device 160 can be integrated in eyeglasses, jewelry, or integrated in an article of clothing
worn near the head, such as a bat, headband, etc.

{0034] In some embodiments, the tag device 110 and reader device 160 include
one or more wireless interfaces so as to communicate with each other using a radio-
frequency D (RFID) protocol. For example, the tag device 110 and reader device 160 can
communicatc with cach other in accordance with a Ger2 ulira-high frequency (UHF)
RFID protocel, under which the sysiem 100 operates in a frequency range of 860 MHz to
960 MHz. Further, under the Gen2 UHF RFID protocol, the system 100 may be a passive-
backscatter system in which the reader device 160 transmits information to the tag device
110 by modulating an RF signal in the 860 MHz to 960 MHz frequency range.  Still
further, the passive tag device 110 can receive its operating energy from the RF signal, as
noted above, and can modulate the reflection coefficient of its antenna in order to
backscatter a signal to the reader device 160 (after being directed to do so by the reader
device 160, e.g., an “interrogator-talks-first” system}. Gther RFID protocols are also
possible.

16035} In some cmbodiments, the system 100 can operate to non-conttmuously
{“intermittently™) supply energy to the tag device 110 to power the controller 130 and

sensing electronics 140 {c.g., a passive systern).  For example, RF radiation can be

14
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sopplied to power the tag device 110 long enocugh to carry out a sensor reading and
communicate the results.  Further, the supplied RF radiation can be considered am
interrogation signal from the reader device 160 to the tag device 1190 to request 2 scnsor
reading or other information to be acquired and sent back to the reader device 160. By
periodically interrogating the tag device 110 {e.g., by supplying RF radiation 161 to
temporarily turo the device on) and storing the sensor results (e.g., via the data storage
163), the reader device 160 can accumuliate a sct of data/measurements over time without
continuously powering the tag device 110,

i Exarople Methods and Scenarios

16036} Figore 2 18 a flow chart tllustrating an exampic method 200 according to an
example embodiment.  The example wmethod 200 will be deseribed hereafter in
comjunction with Figure 3A, which illustrates an example system 300 configured to
muplement the oxample method 200, Although the example method 200 is described
below as carried out by a reader device, it should be understood that the example method
200 can be carried out, additionally or alternatively, by one or more other devices as well,
such as a2 mobile computing device, a wearable computing device, and any aforcmentioned
devices.

18837} At step 202, the reader dovice 302 obtains a unique identifier associated
with a tag device 306. The tag device 306, such as a RFID tag, may include an antenna
and a scnsor configured to obtain sensor readings that can be wirelessiy transmitted to the
reader device 302 via the antenna. The unique identifier for a particular tag device may be
a unique identifier that was determined during an initial “factory-level” calibration and
contiguration of the particular tag device {e.g., nitial sensor calibration, seiting initial
oscillator tuning lovels, etc).  Alternatively, the unigue identifier may have been

determined at another point in time, or may be determined during the process of obtaining
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it {¢.g., the reader device interrogates the tag device or other tag device that provides or
determines the unigue identifier).

{0038] As noted above, the unique identifier can be obtained in various ways. It
should be understood that while the example method 200 is described herein in
conjunction with the example system 300 of Figore 3, in which the unique identifier is
obtained by scamning an optical code 304, the vnigue identifier may be obtained in other
ways inchiding, but not limited to, those described above.

[6839] With respect to the example system 300, the reader device 302 may scan an
optical code 304, such as a Quick Response (OR) code or other machine-readable code,
associated with a tag device 306 (or multiple tag devices) in order to oblain the unigue
identifier. The optical code 304 may encode the umique identificr. The scamning of the
optical code 304 can also be performed by a computing device 308, sach as a smartphone,
laptop computer, tablet computer, desktop computer, ctc., that is in wired and/or wircless
communication with the reader device 302 and/or with a server 310 at which mformation
associated with the tag device(s) 306 may be stored {e.g., a web server). As noted above,
other types of computing devices, such as a wearable computing device, can also be
configured to obtain the unique identifier (and/or perform any other functions described
hergin).

{88401 fn some embodiments, additional information associated with the tag
device(s} 306 may be included with the unigue ideniifier {or remotely from the unique
identifier) and may be obtained as well by at lcast the same means as the reader device 302
obtains the omigue identifier. For example, the optical code 304 may also encode the
additional information. The additional information may take the form of a header, and
may inclide manufacture information of the tag device(s) 306, such as at least one

timestamp indicating when the tag device(s) were manufactured, calibrated, and/or
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shipped {c.g., production date, calibration date, shipment date, etc.). The manufachwe
mformation may also inchide a lot number representative of a group of tag devices that a
particular tag device was manufactured with. Other information can also be included as
part of the additiopal information, such as a particular tag device’s expiration date.
Additionally or alternatively 1o being encoded in the optical code 304, it is possible for
some o7 all additional information to be fncluded on the tag device 306 uself, via masking
and/or other methods, or included on/at another device.

{6641} The unique identifier and additional mformation can be hard coded to the
optical code 304, and the optical code 304 may be included on a packaging of the tag
device{s) 306. In an cxample embodiment, an individual tag device may include a
respective optical code included on packaging for the individual tag device. In such an
embediment, a larger packaging can be used for nuiltiple tag devices, each tag device with
s own optical code. Additionally or alternatively, in another example cmbodiment, the
larger packaging may include an optical code that encodes information for cach tag device
contained in the larger packaging (e.g., one optical code associated with every tag device
in the packaging rather than moultiple optical codes, cach associated with a particular tag
device in the packaging). In such other embodimenis, the optical code may encode the
unique identifiers of each tag device contained in the larger packaging.

[0842] At step 204, the reader device 302 (and/or the computing device 308, in
some examples) determings, based on the scaoned optical code 304, the unique identifier
and configuration parameters associated with the tag device 306 {or tag devices, if the
optical code encodes multiple unique identifiers for muldtiple tag devices). When the
reader device 302 scans the optical code 304, it may retrieve the unique identifier of the
tag device 306 encoded in the optical code 304. The reader device 307 may then trapsmit

the unique identifier to the server 310 and/or other such database(s) which may be utilized
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to look up the configuration parameters associated with the tag device 306. The reader
device 302 may then receive the configuration parameters from the server.

16043} For tag dovices equipped with clectrochemical bio-sensors, temperature
sensors, and other sensors, the configuration parameters may inchude sensor calibration
mformation associated with the g device’s sensor or other components of the tag device
306, In other embodiments, the configuration parameters may also joclude calibration
information associated with one or more components of the reader device 362 and/or the
computing device 308, The calibration information may relate to interpreting results from
the tag device 306. For example, the calibration information may be used by the reader
device 302 in interpreting the seunsor readings as indications of analyte levels {c.g,
mapping sensor readings to analyte concentrations), as indications of temperature, or as
mdications of other parameters. The calibration information may be based on a
manufacturing batch of a particolar tag device {e.g, lot number), Addutonally or
alternatively, calibration information may be based on proviously obtained calibration
results for a particular tag device. The configuration parameters may additionally or
alternatively include sensor configuration information and/or user preferences for
operating the semsor (e.g., voliage offset seitings, sensor stabilization durations,
measarement frequencies, etc.). Such configuration information can then be used to cause
the tag device 306 to obfain measurements n accordance with the configuration
information. For example, an indication of sensor stabilization time can cause the reader
to initiate a stabilization operation prior to obtaining a sensor measorement with a duration
specified in the configuration mformation.

{3044] In addition to the sensor calibration information, other tag device-specific
information can be stored at the server 310 {and/or other databases). Such other tag

device-specific information may include device manufacture information {e.g., lot number
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identification, production date, shipment date, expiration date, serial number, efc),
associated user mformation {(e.g., user identity, user configuration/profile information,
such as number or frequency of measurements o perform for the particular user,
predetermined alert fevels, etc.), and/or device usage history (e.g., historical sensor
measurements, time since last usage, time since last calibration, ete.). Other examples of
tag deovice-specific information are alse possible as the examples provided herein are
generally included by way of example and not Hmitation. It should be understood,
however, that while tag device-specific information can include user-specific information,
such user-specific information may not be fethered to the identity of mdividual users of the
tag device(s). Further, users of the tag device(s) can clect not to participate in collection of
such oser-specific information.

{80451 In some embodiments, at least a portion of the configuration parameters,
such as calibration information associated with at least one tag device 306, can be encoded
in the optical code 304 on a packaging of the at least one tag device 306. In such
embodiments, the computing device 308 {or reader device 302, in similar embodiments)
can scan the optical code 304 and subsequently download some or all of the
aforementioned configuration parameters of the tag device(s) 306 (mcluding at least a
unique identifier for each tag device) so as to temporarily or permanently store the
configuration parameters in a database at the computing device 308 and/or at other
devices. By doing so, the computing device 308 can refer to its own database nstead of
having to scan the optical code 304 more than an initial scan and communicate with the
server 310 every time configuration information 1s desired. The configuration parameters,
including calibration inforration for the tag device(s) 306, may be stored in a database.
{0846 At step 206, the reader device 302 (and/or the computing device 308, in

some cxamples) stores, in at least one memory, at least a portion of the configuration
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parameters in associated with the onigue identifier.  The at least one momory can be
meluded m one or more of the reader device 302, the computing device 308, and other
computing device(s) in communication with the devices of the system 300 illustrated in
Figure 3A.

180471 The portion of the configuration parameters may include, for example,
calibration information associated with the scusor of the tag device 306, such that
measured values can be determined based on the sensor readings and the calibration
mformation. In some scenarios, the reader device 302 can use an RT signal to prompt the
tag device 306 to obfain a scusor reading. The tag device 306 may then transmi, via
backscatter radiation, data representative of the sensor reading, data ropresentative of the
tag device’s umique identifier, and possibly other information. Upon receiving the sensor
reading, the reader device 302 may then retrieve, from the at least one memory, the
calibration mformation (e.g., calibration curves} and other relevant information of the first
portion of the configuration paramcters based on the unique identifier. The reader device
302 can also retrieve the calibration information using header data associated with the tag
device 306, such as the tag device’s lot number, production date, etc., as noted above., The
reader device 302 can then determine 2 measured value based on the sensor reading and
the first portion of the configuration parameters {(e.g., compare the sensor reading to data
points of the calibration curve to estimate/determine the measured vahue).

048] In some embodiments, upon recciving the unigue identifier from the tag
device 306 {(the unique identifier being substantially vmigue due to reasons described
below with respect to Figure 3B), the reader device 302 may refer to a database of tag-
device specific information that was stored in #ts memory after obtairing the unigue
identifier {¢.g., scanning the optical code ) in order to verify the identity of the tag device

306 {or a user of the tag device). Alternatively, the reader device 302 may query the
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computing device 308 and/or the server 310 in order to refer to the database. The reader
device 302 may then check the database to determine which unique identifier in the
database is closest to or identical to the unigue identifier received from the tag device 306,
It should be understood that while the tag device 306 may be configured to commanicate
s unigue identifier in response to an interrogation signal from the reader device 302, the
reader device 302 may vot need to use the unique identifier received from the tag device
306 in some scenarios, and may insicad refer to a unique identifier associated with the tag
device 306 that is already stored in memory responsive to the obtaining of the unigue
identifier by the reader device 302 and/or other devices.

16049} In some embodiments, in addition to storing the portion (Le., a first portion)
of the configuration parameters at the reader device 302 and/or other device(s), the reader
deviee 302 (and/ov the computing device 308, m some examples) communicates at least
another portion (i.c., a second portion)} of the configuration parameters to the tag device
306. In examples where the computing device 308 performs the obtaining described at
step 202, the computing device 308 may subsequently download from a server 110 a fivst
portion of the configuration parameters associated with a particular tag device to store
cither locally at the computing device 308 or remotely at the reader device 302, The
computing device 308 may also download a second portion of the configuration
parameters of the particular tag device and commumicate the second portion to the
particular tag device.

[B058] The second portion of the configoration parameters may relate to
parameters that can be utilized for configuring at least one component of the tag device,
such as an clectronic oscillator of the tag device {e.g., a ring oscillator), an analyte bio-
sensor of the tag device, an RF transceiver, a voltage reference, a current reference, and/or

other circuitry/components.  As such, the tag device 306 can be configured to provide a
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sensor reading to the reader device 302 after receiving an interrogation signal from the
reader device 302, The reader device 302 can then interpret the sensor reading using the
first portion of configuration parameters, such as calibration information associated with
the tag device 306.

{8051 In an example scenario of the reader device interpreting a sensor reading
using calibration information, the reader device may obtain a sensor reading from the tag
device, such as an eyo-mountable device {(c.g., a tag device embedded in a contact lens)
cquipped with an electromic oscillator. For instance, the reader device can transmit RF
radiation to the cye-mountable device, the eye-mountable can then perform a measurement
and modulate backscatter radiation to indicate the measured frequency of the clectronic
oscillator, and the reader device can receive the indication of the measurement., The RF
radiation may indicate a reference frequency or other information as well that may be
needed in order to cnable the cye-mountabic device to perform the measurement. The
reader device can then use calibration information included in the first portion of
configuration parameters retrieved from a database and stored at the reader device to
cstiroate/determine a temperature of the cye-mountable device comresponding to the
received measured oscillator frequency. To do so, the first portion of configuration
parameters may inclade a calibration curve relating the oscillator frequency of the eye-
mountable device and a3 temperature of the eve-mountable device. Other types of
calibration curves and calibration information arc possible, and other example scenarios
are possible as well.

[B882] Figure 3B is a detatled block diagram of a system 350 with tag device 364
in communication with a reader device 352, similar to the tag dovices 110, 306 and reader
devices 160, 302 of Figures 1 and 3A. The tag device 364 can operate to cuiput a unigue

identifier {e.g., a substantially unique identification sequence) and commumicate the
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unique identifier o the reader device 352, Using the unique identifier, the reader device
352 can then retrieve and/or store data specific to the particular tag device 364, such as
configuration and/or calibration information. The reader device 352 can differentiate
between different tag devices, using the unique identifiers from each, and associate tag
device-specific data with each device. As such, the tag device 364 does not have any need
for non-volatile memory to store data.  lostead, the reader deovice 352 {or a databasc
accessible by the reader device 352, such as a database at & mobile computing device
and/or server) can store tag device-specific information in a manner that associates the
stored information with the unigue identifiers of the tag device 364,

16053} The reader device 352 includes a processing system 353, an optical code
scanner 354 for scanning machine-readable code, and a memory 356, The memory 356
can be a volatile and/or non-volatile computer readable media located in the reader device
352 and/or in network communication with the reader device 352, The memory 356 can
be similar to, for exanple, the memory 162 in the reader device 160 discussed with regard
to Figure | above. The processing system 353 can be a computing system that executes
software stored in the memory 356 to cause the syster 350 to operate as described herein
The reader device 352 may be incorporated into a wearable device, such as a device
configured to be worn relatively near a user’s eye, such as a hat, a headband, an carring, a
pendant, eve glasses, etc. The reader device 352 may also be incorporated into a watch, a
mobile phone, or ancther personal electronics device.

[6854] In some examples, the reader device 352 may obtain one or morg
measurements from sensor(s} on the tag device 364 {e.g., by intermitiently transmitting a
mcasurement signal to cause an electrochemical senser included in the tag device 364 fo
obiain a measurement and communicate the results). The reader device 352 can also

mclude an antenna (not shown) {e.g., an RF transceiver unit) for transmitting RF radiation
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360 to be harvested by the tag device 364, The reader device 352 can also receive
mformation transmitied back to the reader by backseatter radiation 362, For example, the
antenna impedance of the tag device 364 can be modulated in accordance with a unigue
identifier such that the backscatter radiation 362 indicates the uniqoe identifier.  The
backscatter radiation 362 may also indicate sensor measurements and oscillator frequency
readings, among other examples, The reader device 352 can also use the memory 356 to
store indications of tag device-specific information 358 (ec.g., amperometric curent
measurements) compumicated from the tag device 364, The reader device 352 can also
use the memory 356 to store other tag device-specific information 358 (e.g., calibration
information) received from a mohile device, server, or other computing deovice after
scanning an optical code associated with the tag device 364,

{8855 The tag device 364 can include commumication eclectromics 366, an
wdentification sequence generator 368, an antenma 370, and at least one sensor 372 {(which
may incluode components found in the scnsing clecironics 140 of the tag device 110
ithustrated in Figure 1), As noted above with respect to Figure 1, the identification
sequence generator 368 can be configured to output a unigque identifier {c.g., an
identification sequence). The unigue identifier can be a substantially unique series of
values {e.g., a series of binary valies) that provide a unique characterizing “fingerprint”
for use i distinguishing the particular tag device 364 from others. The sequence
generator 368 can be configured to repeatably {(e.g., consistently) output the series in
response to a prompt, such that the same particular device 364 can be consistently
associated with the same unigque identifier.  For example, the identification sequence
generator 368 can be a circuit that receives a prompt and outputs the unique identifier.
The identification sequence gonerator 368 may be a circuit that is corporated into a

contrel chip of the tag device 364, In some examples, the unique identifier can be a serial
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munber that 15 imprinted into the tag device 364 during a memefacturing process. For
example, a circuit implementation of the identification scquence generator 368 can be
customized, during manufacture, {0 output a substantially unique series of high/low
values. Each ophthalmic device that is produced can then be assigned a different unigue
identificr, and the identification sequence generator circuits of cach can be customized
accordingly.

[6056] Additionally or alternatively, the identification sequence generator 368 can
be configured to generate the unique identifier for the tag device 364 based on process
variations in one or more circuit componends. For example, a comparator circuit can be
created that compares threshold voltages of two different transistors {(or sets of transistors).
The uncorrelated threshold voltage variations i such pairs can be amplified and digitized
to create a sequence of binary values depending on the state of cach comparator eircuit.
The individual binary statc comparator circuits can cach be formed from a comparator
circuit {c.g., a latch circuit) with cross-coupled logic gates. Following a reset, cach
comparator circuit settles on one of two possible states depending on the random offse
between the threshold voltages.  Positive feedback in the cross-coupled arrangement
amplifics the small variations to aliow for rcadout. An array of many such circuits can
then be used to create a unique identifier: an identification sequence with a desired number
of bits. Because the resulting identification sequence is based on random, uncorrelated
variations in transistor threshold voltage {or other process variations in the die, eic.}, the
identification sequence may not be entirely umique (i.e., two different identification
circuits may generate identical identification sequences). Moreoves, such an identification
sequence gencrator 368 that relics on random process variations may not consistently
seitle on the same cutput sequence. For example, comparisons between particularly close

threshold voltages may not consistently settie on the same value, and some circuits may
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systematically change their output over time due to differential degradation of the
compared circuit components. However, the probability of such ambiguities can be
mitigated by using identification sequences with relatively greater word length {e.g., a
greater number of bits, sach as 128 bits).

{0887} In an example, the identification sequence generator 368 can inclode
muitiple state circuits that are cach configured to setile in one of multiple possible states,
and cach state circuit can then represent a bit (or multiple bitg) in the substantially vunique
identification sequence. An example of such a state circuit can include a cross-coupled
NOR gate. A pair of transistors can be arranged to cause the circuit to settle in one state or
another depending on the difference in threshold voltage between the two. Each transistor
has a gate terminal, a source torminal, and a drain terminal. The conductivity between the
drain and source terminals is determined in part by the voltage applied across the gate and
source ternunals, with a gate-source veltage V,; exceeding a threshold Vy, resulting i a
non-zero drain-source current I, The pair of ransistors can be connected with the gate of
the first transistor comnected to the source of the second transistor and the gate of the
second transistor conuected to the scurce of the fust transistor.  The drain of cach
transistor can be connected to a supply line and the source of cach transistor can be
comected to a ground line. The respective comnections to the supply line and the groond
lime can cach be made through a transistor driven by a reset bne.  Upon resetting the
circuit the source terminals and cross-coupled gate terminals are all set low (e.g., set to
ground),

Y During the reset to low voltage one of the two cross-coupled transistors
becomes conductive before the other one (e.g., the one with the lower threshold voltage).
Current through the transistor that becomes conductive first creates positive feedback (o

mcrease the gate-source voltage of the first conductive transistor while decreasing the
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conductivity of the second transistor, via the cross-coupled drain/gate connection. The
drains of the two cross-coupled transistors then settle with one at a high voltage and one at
a low voltage, depending on which of the two iransistors has a higher threshold voltage.
Because the threshold veltage Vy, is 2 function of variations in the physical properties of
the tansistor chanmel regions (e.g., charge carrier mobility, channel width and length,
oxide conductance, efc.), cither of the two states occur with roughly equal probability m a
given cell due to vncorrelated process variations in the manufacture of the circuit. The
drains of the two ransistors {or one of them) thus represents an output state of the example
state circuit that settles in one of wwltiple possible states based on random process
variations in the menufacture of the state circuit. Other state circuits based on process
variations in physical features in the constructed circuitry can also be emploved: the above
state circuit 18 deseribed for example purposes only.

{8359 In some embodiments, upon receipt of backscatier radiation 362 ndicative
of the unique identifier of the tag device 364 and a sersor reading obtained by the
sensor(sy 372, the reader device 352 can use the unique identifier of the tag device 364 to
access tag device-specific mformation 35% in the memory 356. For example, the reader
device 352 may lookup configuration parameters {¢.g., calibration information, such as
calibration curves) for the tag device 364, a date of manufacture, production batch,
shipment date, or expiration date of the tag device 364, any mformation regarding prior
usc of the tag device 364, an particular user associated with the tag device 364, ete. Such
tag device-specific mformation 358 may be previously loaded to the memory 356 in
connection with manufacture, calibration, testing, or prior use(s) of the device 364, for
example. [n addition, the reader device 352 may supplement such tag device-specific
information 358 with additional sensor readings, user preforences, ofc., such that the

additional information is associated with the unique identifier that identifies the particudar
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tag device 364, Additionally or alternatively, the reader device 352 may access tag device-
specific information stored non-locally {(e.g., a database stored on a server
conununication with the reader device 352 or a database siored in memory on a
smartphone in communication with the reader device 352).

{80661 Once accessed, the tag device-specific information 358 can then be used by
the reader device 352 to operate the tag device 364, For example, the reader device 352
may use configuration paramcters and other data included in the tag device-specific
mformation 358 to determine how often (or under what conditions) to query the tag device
364 for readings. In soroe cmbodiments, the configuration parameters may specity a
desired amperometric current stabilization time for the electrochemical sensor 372, and the
reader device 352 may therefore be configured to instruct the tag device 364 to fivst apply
a voltage across electrodes n the sensor 372 for a period while the amperometric current
stabilizes {c.g., as the electrochemical reactions at the working clectrode reach a steady
state). Following the stabilization time, the reader device 352 can then prompt the tag
device 364 to measure the amperometric current and indicate the measured current via the
backscatter radiation 362. Other tag device-specific operation preforences are also
possible.  Additionally or alterpatively, the reader device 352 may usc calibration
information to tnterpret sensor readings {(i.c., amperomeiric current measurements). Such
calibration information may include, for example, a sensitivity and/or offset to define a
calibration curve that relates current measurcments to analyte concentrations, a calibration
curve that relates an oscillator frequency of the tag device 364 to temperature, a calibration
curve that relates current supphed to the tag device 364 to temperature, among other
calibration fnformation.

0861} By storing tag device-specific information 358 off of the tag device 364,

and mapping such information to the tag device 364 using the (substantially) unigue
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identifier output from the identification sequence generator 368, the tag device 364 does
not require on-board programmabie memory. As such, the memory-free tag device 364
does not store any uscr-specific information {e.g., prior sensor readings, ctc.). Such a
memory-free configuration thereby alleviates potential privacy concerns because user-
spectfic information is stored on a platform suitable for incorporating data-protection
routings, such as credentialed logins, encryption schemes, etc., which platform may be any
combination of the rcader device 352, a2 mobile computing device that is in
conununication with the reader device 352, and/or other external servers/devices.
Moreover, the memory-free configuration alleviates concerns over losing data stored inthe
tag device 364 in the ovent of losing the tag device 364, As such, the memory-free
configuration described herein faciiitates implementations in which the tag device 364
may be a disposable product, similar to a disposable contact lens employed in vision

correction applications.

v, Embedding a Tag Device in 8 Contact Lens
B2} A tag device, such as an RFID tag, can be embedded in a body-mountable

device, such as an eye-mountable device, which may be worn on the eye as a contact lens.
Further, the tag device may be in RF comuwnication with a reader device so as to enable
the reader device to receive data and other information from the tag device and/or eve-
mountable device.

[0863] Figure 4A is a boitom view of an cxample eyc-mountable device 410 (or
ophthalmic electronics platform), and Figure 4B is a side view of the example eye-
mountable device 410, Tt is noted that relative dimensions in Figures 4A and 4B are not
necessarily to scale, but have been rendered for purposes of explanation only in describing

the arrangement of the example eye-mountable deviee 410,
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G064} The cye-mountable device 410 is formed of a polymeric material 420
shaped as a curved disk. The polymeric material 420 can be a substantially transparent
material to aflow incident fight to be transmitied {o the eyve while the cye-mountable
device 410 s mounted to the eye. The polymeric material 420 can be a bivcompatible
material similar to those employed to form vision correction and/or cosmetic contact
lenses in optometry, such as polyethyviene terephthalate (“PET™), polymethyl methacrylate
("“PMMA™), polyhydroxyethyimethacrylate (“polyHEMA™), silicone  hydrogels,
combmations of these, ete. The polymeric material 420 can be formed with one side
having a concave surface 426 suitable to fit over a corneal surface of an eye. The opposite
side of the disk can have a convex surface 424 that does not interfere with ¢yelid motion
while the eye-mountable device 410 1s mounted to the eve. A circolar cuter side edge 428
commects the concave surface 424 and convex surface 426.

{3065] The eve-mountable device 410 can have dimensions similar to a vision
correction and/or cosmetic contact lenscs, such as a diamcter of approximately 1
centimeter, and a thickness of about 0.1 to about 0.5 millimeters. However, the diameter
and thickness values are provided for explanatory purposes only. In some embodiments,
the dimensions of the eye-mountable device 410 can be sclected according to the size
and/or shape of the comeal surface of the wearer’s eye.

{8066] The polymeric material 420 can be formed with a curved shape in a variety
of ways. For example, techniques similar to those employed to form vision-correction
contact lenses, such as heat molding, mjection molding, spin casting, etc. can be employed
to form the polymeric material 420, While the eye-mountable device 410 is mounted in an
cye, the convex surface 424 faces outward to the ambicnt environment while the concave
surface 426 faces inward, foward the corncal surface. The convex surface 424 can

therefore be considered an outer, top surface of the eye-mountable device 410 whereas the
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concave surface 426 can be considered an inner, bottom surface. The “bottom™ view
shown in Figure 4A is facing the concave surface 426. From the bottom view shown in
Figure 4A, the outer periphery 422, near the outer circumterence of the curved disk is
curved to extend out of the page, whercas the central region 421, near the center of the
disk s curved to extend into the page.

[0867] A substrate 430 is cmobedded in the polyraeric material 420. The substrate
130 can be cmbedded to be sttuated along the outer periphery 422 of the polymeric
material 420, away from the ceniral region 421. The substrate 430 does not interfere with
vision because it s too close to the eye to be in focus and is positioned away from the
ceniral region 421 where incident Hght is transmiited to the eyce-sensing portions of the
eye. Morcover, the substrate 430 can be formed of a transparent material to further
mitigate effects on visual perception.

[0868] The substrate 430 can be shaped as a flat, circular ring {c.g., a disk with &
centered hole). The flat surface of the substrate 430 (c.g., along the radial width) is a
platform for mowumting electronics such as chips (e.g., via flip-chip mounting} and for
patterning  conductive  aterials  (e.g., via wdcrofabrication techmiques such  as
photolithography, deposition, piating, etc.} to form clecirodes, antenna{e), and/or
interconnections. The substrate 430 and the polymeric material 420 can be approximately
cylindrically symmetric about a comamon central axis. The substrate 430 can have, for
example, a diameter of about 10 millimeters, a radial width of about 1 millimeter (e.g., an
outer radius | millimeter greater than an inner radivs), and a thickness of about 50
micrometers. However, these dimensions are provided for example purposes only, and in
no way limit the present disclosure. The substrate 430 can be toplemented in a variety of

different form factors.
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[6669] In some examples, the substrate 430 may include a tag device. As such,
components of the tag device may also be disposed on the embedded substrate 533, For
instance, a loop antenna 470, a controller 450, and sensing clectronics 460 (e.g., an
electronic oscillator, analyte bio-sensor, etc.), such as those described with respect to
Figure |, can be disposed on the embedded substrate 4306, The controller 450 can be a
chip including logic clements configured to operate the sensing electronics 460 and the
loop antenna 470, The coniroller 450 is electrically connected o the loop antenna 470 by
intercommnects 457 also situated on the substrate 430, Swmlarly, the controller 450 s
clectrically connected to the sensing electromics 460 by an interconnect 451, The
interconnects 451, 457, the loop anienna 470, as well as other components can be formed
from conductive materials patterned on the substrate 430 by a process for precisely
patterning such materials, such as deposition, photolithography, ctc. The conductive
materials patterned on the substrate 430 can be, for example, gold, platinom, palladium,
titanium, carbon, aluminum, copper, silver, silver-chloride, conductors formed from noble
materials, metals, combinations of these, ete. The controller 450 and sensing electronics
360 can alse be implemented as a single chip, rathor than two separate counected
COMPOnenis,

168761 As shown in Figure 4A, which is a view facing the concave surface 426 of
the eye-mountable device 410, the sensing electronics 460 are mounted to a side of the
substrate 430 facing the concave surface 526. In general, any electronics, electrodes, ete.
situated on the substrate 430 can be mounted to either the “inward” facing side (e.g.,
situated closest to the concave surface 426} or the “outward” facing side {e.g., situated
closest to the convex surface 424). Moreover, in some embodiments, some clectronic

componenis can be mounted on one side of the substrate 430, while other clectronic
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components are mounted to the opposing side, and connections between the two can be
made through conductive materials passing through the substrate 430,

16071} The loop antenna 470 is a layer of conductive material patterned along the
flat surface of the substrate to form a flat conductive ring. In some instances, the loop
anterma 470 can be formed without making a complete loop. For instances, the loop
antenna 470 can have a cutout to allow room for the controller 450 and sensing electronics
460, as ilhustrated m Figure 4A. However, the loop antenna 470 can also be arranged as a
continuous strip of conductive material that wraps entively around the flat surface of the
substratc 430 one or more times. For example, a strip of conductive material with multiple
windings can be pattemed on the side of the substrate 430 opposite the controller 450 and
sensing electronies 460, Interconnects between the ends of such a wound antenma {(e.g.,
the antenna leads) can then be passed through the substrate 430 to the controller 450.

V. Conclusion

16072} It should be understood that arrangements described herein are for purposes
of example only. As such, those skilled in the art will appreciate that other arrangements
and other clements {c.g., machines, imerfaces, functions, orders, and groupings of
functions, ctc.) can be used instead, and some clements may be omitted altogether
according to the desired vesults. Further, many of the clements that are described are
functional entities that may be implemented as discrete or distributed components or in
conjunction with other components, in any suitable combination and location.

104731 While various 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 illustration and are not intended to
be limiting, with the true scope and spirit being indicated by the following claims, along

with the full scope of equivalents to which such claims are entitled. It is also to be

33



WO 2015/026401 PCT/US2014/033994

understood that the terminology used herein is for the purpose of describing particular

embodiments only, and is not intended to be Hmiting.
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CLAIMS

What is claimed is;

1. A method, comprising:

obtlaining a unique identificr associated with a tag device, wherein the tag device
meludes an antenna and & sensor coufigured to obtain sensor readings that can be
wirglessly transmitied to a reader device via the antenns;

determining, based on the umigue identifier, configuration parameters associated
with the tag device; and

storing, in at lcast one memory, at least a portion of the configuration parametcrs in

association with the anigue identifier.

2. The method of ¢laim 1, whercin the portion of the configuration parameters
is a first portion of the configuration parameters, the method further comprising:
communicating, by the reader device, at least a second portion of the configuration

parameters to the tag device.

3. The method of claim 2, wherein the second portion of the configuration

parameters relates to configuring at least one component of the tag device.

4 The method of claim 3, wherein the at least one component comprises at
least one of an electronic oscillator, a radio frequency fransceiver, a voltage reference, or a

current reference.
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5. The method of claim 2, wherein the obtaining is performed by a mobile
computing device, further comprising the mobile computing device transmitting at least

the second portion of the configuration paramceters {0 the reader device.

6. The method of claim S, wherein the at least one memory is 1n at least one of

the reader device or mobile computing device.

/. The method of claim §, wherein obtaining the unique identifier comprises
scanning an optical code associated with the tag device, wherein the optical code encodes

the unique identificr.

5. The method of ¢laim 1, whevein the portion of the configuration parameters
includes calibration information associated with the sensor, such that measured values can

be deiermined based on the sensor readings and the calibration information.

9. The method of claim §, further comprising:

receiving, by the reader device, data from the tag device, wherein the data is
representative of the unique identifier and a sensor reading obtained by the sensor;

retrieving, from the at least one memory, the portion of the configuration
parameters based on the unique identifier; and

determining a measured value based on the sensor reading and the portion of the

configuration parameters,

10.  The method of claim I, wherein the tag dovice is in a body-mountable

device.

[N
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il The method of claim 10, wherein the body-mountable device is an eye-

mountable device,

12. A computing system, comprising:
at least one radio frequency (RF) transceiver unit;
at least one processor;
at least one memory, wherein the at least one memory stores instructions that upon
execution by the at least one processor cause the computing system to perform operations
comprising:
obtaining a unique identifier associated with at least one tag device,
wherein the at least one tag device includes an antenna and a sensor configured to
obtain sensor readings that can be wirelessly transioitted to the computing system
via the antenna;
determining, based the unique identifier, configuration parameters
associated with the at least one tag device; and
storing, in the at least one memory, at feast a portion of the configuration

parameters in association with the unique identifier.

13 The computing system of claim 12, the operations further comprising:
transmitting, via the at least one RF transceiver unit, an RF sigual to the at least
one tag device, wherein the RF signal fncludes at least another portion of the configuration

parameters.

[N
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14. The computing system of claim 13, wherein transmitting the RF signal to
the at least one tag device comprises transmitting the RF signal to the at least one tag

device using a radio-frequency identification (RFID) protocol.

15, The computing system of claim 12, wherein obtaining the unique identifier
comprises scanning an optical code associated with the at least one tag device, wherein the

optical code encodes the unique identifier.

16, The computing systern of claim 15, wherein the optical code includes a

(Quick Response {QR) code.

17, The computing system of claim 135, wherein the optical code encodes

additional information agsociated with the at least one tag device.

18. The computing system of claim 17, wherein the additional information

includes a date associated with fabrication of the at least one tag device.

19. The computing system of claim 17, wherein the additional information

mcludes a lot number associated with fabrication of the at least one tag device.

20, The computing system of claim 12, wherein the computing system forther

compriscs a reader device and a mobile computing device.

[N
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21, The computing system of claim 20, wherein the obtaining is performed by
the mobtle computing device, the operations further comprising the mobile computing
device transmitting at least another portion of the configuration parameters to the reader

device.

22. A wpon-transitory  computer  readable medium  having stored  thercin
instructions exccutable by a computing device {o cause the computing device to perform
fimetions, the functions comprising:

obtaining a unique identifier associated with a tag device, wherein the tag device
includes an antenna and a seosor configured to obiain sensor readings that can be
wirclessly transmitted to the computing device via the antenna;

determining, based on the unique identifier, configuration parameters associated
with the tag device; and

storing, in at feast one memory, at least a portion of the configuration parameters in

association with the unique identifier.

23. The non-transitory computer readable medivm of claim 22, the functions
further comprising:
communicating at least another portion of the configaration parameters to the tag

device.

24. The non-transitory computer readable medium of claim 22, wheremn
determining, based on the unigue iderdifier, the configuration parameters associated with
the tag device compriscs:

transmitting the unique identifier to a server; and
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recetving the configuration parameters from the server.

25. The non-transitory computer readable medium of claim 22, wherein

obtaining the unique identifier comprises scanning an optical code associated with the tag

deviee, wherein the optical code encodes the unique identifier.

26. The non-trapsitory computer readable medium of claim 25, wherein the

configuration parameters are encoded in the optical code.
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CBTAINING A UNIQUE IDENTIFIER ASSOCIATED WITH A TAG DEVICE,
WHERE THE TAG DEVICE INCLUDES AN ANTENNA AND A SENSOR
CONFIGURED TO OBTAIN SENSOR READINGS THAT CANBE
WIRELESSLY TRANSMITTED TO A READER DEVICE VIA THE ANTENNA

DETERMINING, BASED ON THE UNIQUE IDENTIFIER, CONFIGURATION
PARAMETERS ASSOCIATED WITH THE TAG DEVICE

STORING, IN AT LEAST ONE MEMORY, AT LEAST A PORTION OF THE
CONFIGURATION PARAMETERS IN ASSOCIATION WITH THE UNIQUE
IDENTIFIER
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