wo 2015/100266 A1 |1 I} N0 OO0 A R

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

2 July 2015 (02.07.2015)

WIPOIPCT

(10) International Publication Number

WO 2015/100266 A1

(51

eay)

(22)

(25)
(26)
(30)

1

(72

International Patent Classification:
A61B 5/145 (2006.01) G02C 7/04 (2006.01)
A61B 3/125 (2006.01)

International Application Number:
PCT/US2014/071986

International Filing Date:

22 December 2014 (22.12.2014)
Filing Language: English
Publication Language: English
Priority Data:
14/139,865 23 December 2013 (23.12.2013) US

Applicant: GOOGLE INC. [US/US]; 1600 Amphitheatre
Parkway, Mountain View, CA 94043 (US).

Inventors: BARROWS, Daniel, Patrick; c/o Google Inc.,
1600 Amphitheatre Parkway, Mountain View, CA 94043
(US). LIU, Zenghe; c/o Google Inc., 1600 Amphitheatre
Parkway, Mountain View, CA 94043 (US). LINHARDT,
Jeffrey, George; c/o Google Inc., 1600 Amphitheatre

(74

(8D

(84)

Parkway, Mountain View, CA 94043 (US). ETZKORN,
James; c/o Google Inc., 1600 Amphitheatre Parkway,
Mountain View, CA 94043 (US).

Agent: SCHAFER, John, M.; McDonnell Boehnen Hul-
bert & Berghoff LLP, 300 South Wacker Drive, Chicago,
IL 60606 (US).

Designated States (uniess otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,

[Continued on next page]

(54) Title: MOLDED ELECTRONIC STRUCTURES IN BODY-MOUNTABLE DEVICES

(57) Abstract: Molded electronic structures con-
figured for use in body-mountable devices and
methods for embedding molded electronic struc-
tures in a body-mountable device are described.
An example method may include molding an
electronic structure to have first curvature corres-
ponding to a first radius of curvature. The elec-
tronic structure may include an antenna, a sensor,
and an electronic device. The example method
may also include adhering the molded electronic
structure to a first polymer layer. The example
method may additionally include forming a
second polymer layer over the molded electronic
structure adhered to the first polymer layer.

3798
~ m



WO 2015/100266 A1 AT 00 TN VT 0T RO

TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, Published:

TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT,
LU, LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SF,
SL SK, SM, TR), OAPI (BF, BJ, CF, CG, CL, CM, GA,

GN, GQ, GW, KM, ML, MR, NE, SN, TD, TG).

with international search report (Art. 21(3))

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))



WO 2015/100266 PCT/US2014/071986

MOLDED ELECTRONIC STRUCTURES IN BODY-MOUNTABLE DEVICES

CROSS-REFERERCE TO RELATED APPLICATION
16661} Priority is claimed to U.S. Patent Application No. 14/139,865 filed on
December 23, 2013, the contents of which are incorporated by reference,
BACKGROUND
{8802} Unless otherwise indicated herein, the materials described in this section are
not prior art to the claims in this applcation and are not admitied to be prior art by inclusion
in this section.
6663} A body-mountable device may be configured to monitor health-related
mformation based on at least one analyte detected in a fluid of a user wearing the body-
mountable device. For example, the body-mountable device may comprise an eye-mountable
device that may be in the form of a contact lens that includes a sensor configured to detect the
at least one analyte (e.g., glucose) in a tear film of a user wearing the eve-mountable device.
The body-mountable device may also be configured to monitor various other types of health-
related mformation.
SUMMARY
18004] In one aspect, a method involves molding an clectronic structure to have a first
curvature corresponding to a first radius of curvature. The electronic structure may inclade
an antenna, a sensor, and an electronic device. The method may also mvolve adhering the
molded clectronic structure to a first polymer layer. Additionally, the method may mvolve
forming a sccond polymer layer over the molded electronic structure adhered to the first
polymer layer.
LTI In another aspect, a device includes a first polymer layer. The device also
includes a molded elocironic structure that has a first curvature corresponding to a first radius
of curvature. The molded clectronic structure is adhered to the first polymer layver. Further,

i
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the molded electronic structure comprises an antenna, a sensor, and an ¢lectronic device, The
device may additionally imchide a sccond polymer layer that is formed over the molded
electronic structure adhered to the first polymer layer.
8086} In yet another aspect, a systom is disclosed. The system mncludes means for
molding an electronic stracture to have a first curvature corresponding to a first radius of
curvature. The electronic struchure may include an antenna, a sensor, and an electronic
device. The system also includes means for adhering the molded electronic structure to a first
polymer fayer. The system further includes means for forming a second polymer layer over
the molded electronic structure adhered to the first polymer layer.
16607] These as well as other aspects, advantages, and alternatives, will become
apparent to those of ordinary skill in the art by reading the following detailed description,
with reference where appropriate to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
{8008} Figure 1 is a block diagram of a system that includes an eye-mountable device

m wireless communication with an external reader, according to an example embodiment.

18009] Figure 2A is a top view of a structure, according to an example embodiment.
[8418] Figure 2B is a side cross-section view of the structure shown in Figure ZA,

according to an example embodiment.

{8011} Figure 3A is a top view of an eye-mountable device, according to an exanple
embodiment.
{8612} Figure 3B is a side view of the eye-mountable device shown in Figure 3A,

according to an example embodiment.
19613} Figure 3C is = side cross-section view of the eye-mountable device shown in
Figure 3A while mounted to a corneal surface of an eye, according to an example

embodiment.
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{8014} Figure 3D is a side cross-section view showing tear film layers surrgunding
the surfaces of the eye-mountable device mounted as shown i Figure 3C, according to an

example embodiment,

[B015] Figure 4 s a top view of another structure, according to an example
embodiment.
8016} Figure SA-C show stages tor molding an clectromic structure, according to an

example embodiment,
18017] Figure 6 is a tlow chart ilhastrating a method, according to an example
embodiment.

DETAILED DESCRIPTION
8018} The following detailed description describes various featires and functions of
the disclosed systems and methods with reference to the accompanying figures, In the
figures, similar symbols typically identify similar components, unless context dictates
otherwise. The Hlustrative system and method embodimenis described herein are not meant
to be hmiting. It will be readily understood that certain aspects of the disclosed systems and
methods can be arranged and combined in a wide variety of differcnt configurations, ali of
which are contemplated herein.
L Introduction
[B8019] A body-mountable device may inchide a transparent polymer and an electronic
structure embedded in the transparent polymer that has an outer diameier and an inuer
diameter. The transparent polymer defines a posterior side and an anterior side of the body-
mountable device. The clectronic structure mclades a sensor configured to detect an analyte,
and an antenna that includes a plurality of conductive loops spaced apart from cach other

between the outer diamcter and the inner diameter.

[SFS]
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186248] As used throgghout this disclosure, the anterior side of the body-mountable
device refers to an outward-facing side of the body-mountable device, whereas the posterior
side of the body-mountable device refers to an inward-facing side of the body-mountable
device. In particular, when the body-mountable device comprises an eve-mountable device
and the eye-mountable device 1s mounted on an eye of the user, the anterior side corresponds
te a side of the eve-mountable device that is facing outward and thus not touching the eye of
the user. Further, when the eye-mountable device is mounted on an oye of the user, the
posterior side corresponds to a side of the eye-mountable device that is facing inward and
thus touching the cye of the user,

{8021} In some embodimonts, the transparent polymer may be formed from a
posterior polymer layer and an anterior polymer layer, each of which may have a curvature,
For mstance, when the body-mountable device s an eye-mountable device, characteristics of
the posterior polymer layer and the anterior polymer layer may be based on a contact lens
prescription of a user of the body-mountable device. The curvature of the posterior polymer
layer may correspond to a curvature of the user’s comea, or base curve radius, while the
anterior polymer layer may have a curvature sufficient to provide an optical correction to
improve the user’s vision.

{8023} When fabricating the body-mountable device, the electronic structure may be
adhered to one of the polymer layvers. However, in embodiments where the electronic
structure i fabricated on a substantially flat substrate (i.e., 3 horizontal surface), the
clectronic structure may have 2 “memory” that causes the structure to flatten over time. This
may result in deformation of the one or both of the polymer layers, and may adversely affect
the operability of the bedy-mountable device.

8023} Bencficially, the embodiments disciosed hercin may reduce the tendency for

the electronic structure to flatten over time, Prior to adhering the clectronic structure to one
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of the posterior polymer layer or the anterior polymer layer, the electronic structure may be
molded to have approximately the same curvature as one (o1, In some examples, both) of the
polymer layers, Molding the electronic structure may reduce the amount of post-fabrication
flattening by the electronic structure, which may reduce the risk of deformations of the body-
mountable device.

it Example Svstems and Devices

{8624} A body-mountabic device may be configired to monitor health-related
mformation based on at least one analvie detected n a fluid of a user wearing the body-
mountabic device. An exanple body-mountable device that comprises an eye-mountable
device that is configured to detect the at least one analyte in a tear film of a user wearing the
eye-mountable device will now be described in greater detail.

[B025] Figure 1 1s a block diagram of a systern 100 with an eye-mountable device 110
in wircless communication with an external reader 180, according 1o an cxample
cmbodiment. The exposed regions of the eye-mountable device 110 are made of a polymeric
material 120 formed to be contact-mounted to a corneal surface of an eye. In accordance
with exeraplary methods, the polymeric material 120 may comprise a fist polymer layer and
a sccond polymer layer.,

[8826] Substrate 130 is embedded in the polymeric material 120 to provide a
mounting surface for a power supply 140, a controlier 150, bio-interactive electronics 160,
and an antenna 170. The bio-interactive electronics 160 are operated by the controller 150
The power sopply 140 sopplics operating voltages to the controller 150 and/or the bio-
mteractive electromics 160, The antenna 170 is operated by the conmroller 150 to
conununicate information 1o and/or from the eye-mountabiec device 110. The anterma 170,
the controller 150, the power supply 140, and the bio-interactive clectronics 160 can all be

situated on the embedded substrate 130. Because the eye-mountable device 110 ncludes
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clectronics and is configared to be contact-mounted to an eye, it may also be referred to as an
ophthalmic electronics platform.

18827} To facilitate contact-mounting, the polymeric material 120 can have a concave
surface configured to adhere (“mount”) 10 8 moistened corneal surface {e.g., by capillary
forces with a tear film coating the comeal surface). Additionally or alternatively, the eye-
mountable device 110 can be adhered by a vacoum force between the corneal surface and the
polymeric material due o the concave curvature. While mounted with the concave surface
against the eye, the anterior or outward-facing surface of the polymeric material 120 can have
a convex curvature that is formed to wnot ioterfere with eye-lid motion while the eye-
mountabic device 110 is mounted to the eye. For example, the polymeric material 120 can be
a substantially transparent curved polymeric disk shaped similarly to a contact lens.

[B028] The polymeric material 120 can include one or more bio-compatible materials,
such as those employed for use in contact lenses or other ophthalmic applications jnvolving
direct contact with the corneal surface. The polymeric material 120 can optionally be formed
m part from such bio-compatible materials or can inchide an outer coating with such bio-
compatible materials.  The polymeric material 120 can include materials configured to
moisturize the comeal surface, such as hydrogels and the like. In somc instances, the
polymeric material 120 can be a deformable (“non-rigid”) material to enhance wearer
comfort.  In some instances, the polymeric material 120 can be shaped to provide a
predetermined, vision-cosrecting optical power, such as can be provided by a contact lens.
18629] The substrate 130 includes one or more surfaces suitable for mounting the bio-
mteractive electromics 160, the controller 150, the power supply 140, and the anterma 170.
The substrate 130 can be craployed both as 2 mounting platform for chip-based circuitry
(e.g., by flip-chip mounting) and/or as a platform for patierning conductive materials {e.g.,

gold, platinom, palladium, titamiom, copper, aluminom, silver, metals, other conductive
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materials, combinations of these, etc.) to create clectrodes, interconnects, antennae, ete. In
some embodiments, substantially transparent conductive materials (e.g., indium tin oxide)
can be patterned on the substrate 130 to form circuitry, clectrodes, ctc. For gxample, the
antenna 170 can be formed by depositing a pattern of gold or another conduoctive material on
the substrate 130, Similarly, interconnects 151, 157 between the controller 150 and the bio-
mteractive electronics 160, and between the controller 130 and the antenna 170, respectively,
can be formed by depositing suitable patterns of conductive materials on the substrate 130, A
combination of resists, masks, and deposition techniques can be employed to pattern
matcrials on the substrate 130

8036} The substrate 130 can be a relatively rigid polymeric material, such as
polyethylene terephthalate (“PET™), paryiene, or another material sufficient to structurally
support the circuitry and/or clectronmics within the polymeric material 120, The eye-
mountable device 110 can alternatively be arranged with a group of uncounnected substrates
rather than a single substrate. For example, the controller 150 and a bic-sensor ot other bio-
mteractive electronic component can be mounted to one substrate, while the antenna 170 18
mounted fo another substrate and the two car be electrically connected via the futercomects
157.

(6831} In some embodiments, the bio-interactive glectronics 160 (and the substrate
130) can be positioned away from a center of the eye-mountable device 110 and thereby
avoid nterference with light transmission to the eye through the center of the cye-mouniable
device 110. For example, where the eye-mountable device 110 is shaped as 8 concave-
curved disk, the substrate 130 can be embedded around the periphery {(e.g., near the outer
circumference) of the disk. In some cobodiments, the bio-inderactive clectronics 160 (and
the subsirate 130} can be positioned in a center region of the eyec-mountable device 118, The

bio-interactive electronics 160 and/or the substrate 130 can be substantially transparent to
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mcoming visible Hght to mitigate interference with light transmission to the eye. Moreover,
m some embodiments, the bio-interactive electronics 160 can include a pixel array 164 that
emits and/or transmits light to be perceived by the eoye according to display driver
mnstructions.  Thus, the big-interactive electronics 160 can optionally be positioned in the
center of the eye-mountable device so a8 to generate perceivable visual cues to a wearer of
the cye-mountable device 110, such as by displaying infermation via the pixel array 164.
{8032} The substrate 130 can be shaped as a flattencd ring with a radial width
dimension sufficient to provide a mounting platform for the cmbedded electronics
componenis. The substrate 130 can have a thickness sufticiently small to aliow the substrate
130 to be embedded in the polymeric material 120 without influencing the profile of the eye-
mountable device 110, The substrate 130 can have a thickness sufficiently large to provide
structural stability suitable for supporting the electronics mounted thereon. For example, the
subsirate 130 can be shaped as a ving with a 1 cenfimeter diameter, 2 radial thickness of
approximately 1 millimeter, and a thickness of about 50 micrometers. The subsirate 130 can
optionally be aligned with the curvatare of the anterior side of the eye-mountable device 110.
18633} The power supply 140 is configured to harvest ambient energy to power the
controller 150 and the bio-interactive electronics 160. For example, a radio-frequency energy
harvesting antenna 142 can capture energy from incident radio radiation. Additionally or
alternatively, solar cell(s) 144 (“photovoltaic cells”) can capture energy from incoming
pltraviolet, visible, and/or infrared radiation. Furthermore, an inertial power scavenging
system {not shown) can be incleded to capture energy from ambient vibrations. The energy-
harvesting antenna 142 can optionally be a dual-purpose antcnna that 15 also wsed to
communicate information to the external reader 180. That is, the functions of the antenna
170 and the cnergy harvesting antenna 142 can be accomplished with the same physical

antenna.
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{8034} A rectifier/regulator 146 can be used to condition the captured cnergy to a
stable DC supply voltage 141 that 1s supplied to the controller 150. For example, the energy
harvesting antenna 142 can reccive incident radio frequency radiation. Varying clectrical

signals on the leads of the energy harvesting antenna 142 are outpud to the rectifier/regulator
146. The rectifier/regulator 146 rectifies the varying electrical signals to a DC voltage and
regulates the rectified DC voltage to a level suitable for operating the controfler 150,
Additionally or altematively, output voltage from the solar cell(s) 144 can be regulated to a
level suitable for operating the controller 150, The rectifier/regulator 146 can include one or
more energy storage devices arranged to wdtigate high frequency variations i the ambient
encrgy harvesting antenna 142 and/or solar cell(s) 144, For example, an cnergy storage
device {e.g., capacitor, inductor, etc.) can be connected to the output of the rectifier/regulator
146 80 as to function as a low-pass filter.

18035] The controller 150 is turned on when the DC supply voltage 141 is provided to
the controller 150, and the logic in the controlier 150 operates the bio-interactive clectronics
160 and the anterma 170. The controlier 150 can include logic eiveuitry configured to operate
the bio-interactive electronics 160 so as to interact with a biological enviromment of the eye-
mountable device 110, The interaction could inveolve the use of one or more components,
such as an analyte bio-sensor 162, in bio-Interactive electronics 160 to obtain nput from the
biclogical environment. Alternatively or additionally, the interaction could involve the use of
one or more componenis, such as the pixel array 164, to provide an output io the biological
enviromment.

8638} In one example, a sensor interface module 152 can be included for operating
the analyte bio-sensor 162, The analyte bio-sensor 162 can be, for example, an amperometric
electrochemical sensor that includes a working electrode and 8 reference clectrode.

Application of an appropriate voltage between the working and reference clectrodes can
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cause an analyte to undergo electrochemical reactions (e.g., reduction and/or oxidation
reactions) at the working electrode to generate an amperometric current.  The amperometric
current can be dependent on the analyte concentration, and thus the amount of amperomeiric
current can provide an imdication of analyte concentration. In some embodiments, the sensor
mierface module 152 can be a potentiostat configured to apply a voltage difference between
the working and reforence clectrodes while measuring a current through the working
electrode.

18637} In some embodiments, at least a portion of the bio-interactive electronics 160,
the controller 150, the power supply, and/or the antonma 170 can be embedded in the
substrate 130, And, in some embodiments, at least a portion of the bio-interactive electronics
160 (e.g., the analyte bio-sensor 162} can be swrrognded by the substrate 130, except for a
surface of the at least a portion of the bio-interactive electronics 160 being exposed by an
opening in the substrate 130

{6438} in some instances, a reagent can also be included to seusitize the
electrochemical sensor to desired analytes. For example, a layer of glucose oxidase ("GOX™)
can be situated around the working electrode to catalyze ghicose into hydrogen peroxide
(Hx(3). The hydrogen peroxide can then be oxidized at the working electrode, which

releascs electrons to the working clectrode, which generates a current.

glucose + 0, (i H,0, + gluconolactone
H: Gy — 2H -0+ 2 e
{6639} The current generated by either reduction or oxidation reactions can be
approximately proportionate to the reaction rate. Further, the reaction rate can be dependent
on the rate of analyte molecules reaching the electrochemical sensor electrodes to fuel the
reduction or oxidation reactions, cither directly or catalytically through a reagent. In 2 steady

state, where analyte molecules flow and/or diffuse to the electrochemical sensor electrodes
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from a sampled region at approximately the same rate that additional analyte molecules
diffuse to the sampled region from swrounding regions, the reaction ratc can be
approximately proportionsie to the concentration of the analyte molecules. The corrent can
thus provide an indication of the analyte concentration.

[8046] The controller 150 can optionally include a display driver module 154 for
operating a pixel array 164. The pixel array 164 can be an array of separately programumable
tight trangmitting, light reflecting, and/or light emitting pixels arranged in rows and columns.
The individual pixel circoits can optionally nclude haquid  crystal  techonologies,
microelectromechanical  technologies, emissive diode technologies, cte. to sclectively
transmit, reflect, and/or emit light according to information from the display driver module
154. Such a pixel array 164 can also optionally include more than one color of pixels {e.g.,
red, green, and blue pixels) to render visual content m color. The display driver module 154
can include, for example, one or more data Hnes providing programiming information to the
separately programamed pixels in the pixel array 164 and one or more addressing lines for
setting groups of pixels to receive such programming information.  Such a pixel array 164
situated on the eve can also include one or more lenses to divect Hight from the pixel array to a
focal planc perceivable by the eve.

{88411 The controller 150 can also include a communication circuit 156 for sending
and/or receiving information via the anteoma 170, The commumication circuit 156 can
optionally inchude one or more oscillators, mixers, frequency injectors, cic. to modulate
and/or demodulate information on a carrier frequency to be transmitted and/or reccived by
the antenma 170, In some examples, the eye-mountable device 1106 is configured to indicate
an ouiput from a bio-sensor by modulating an impedance of the anterma 170 in a marmer that

is perceivable by the external reader 180, For example, the communication ¢ircuit 156 can

i1
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cause variations in the amplitade, phase, and/or frequency of backscatter radiation from the
antenma 170, and such variations can be detected by the external reader 180,

18642] The controller 150 is connected to the bio-interactive electronics 160 via
mterconnects 151 For example, where the controller 150 mecludes logic elements
mplemented in an integrated circuit to form the sensor interface module 152 and/or display
driver module 154, a patiomed conductive material (¢.g., gold, platinum, palladium, titanium,
copper, alominum, silver, metals, combinations of these, ¢tc.) can connect a terminal on the
chip to the bip-interactive electronics 160, Similarly, the controller 150 is connected 1o the
antenna 170 via interconnects 157,

{8043} It is noted that the block diagram shown in Figure 1 is described in connection
with finctional modules for convenience in description. However, embodiments of the eye-
mountable device 110 can be arranged with one or more of the fanctional modules (“sub-
systems”) implemerded i a single chip, integrated circuit, and/or physical feature. For
cxample, while the rectifier/regulator 146 is illusirated in the power supply block 140, the
rectifier/regulator 146 can be mplemented in a chip that also includes the logic elements of
the contreller 150 and/or other features of the embedded electronics in the eye-mountable
device 110, Thus, the DC supply voltage 141 that is provided to the controller 150 from the
power supply 140 can be a supply voltage that is provided on a chip by rectifier and/or
regulator components the same chip. That 1, the fimetional blocks in Figure | shown as the
power supply biock 140 and controller block 150 need not be implemented as separaied
modules. Moreover, one or more of the functional modules described in Figure | can be
mnplemented by separately packaged chips electrically connected to one another.

18044] Additionally or alternatively, the cocrgy harvesting avtenpa 142 and the

aitenna 170 can be implemented with the same physical anfenna.  For example, a loop
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antenna can both harvest incident radiation for power generation and communicate
mformation via backscatter radiation.

{8045} The external reader 180 includes an antenna 188 {or group of more than one
antenna) to send and receive wireless signals 171 to and from the eye-mountable device 1140,
The external reader 180 also nclades 8 computing systern with a processor 186 in
communication with a memory 182, The memory 182 is a nou-transitory computer-readable
mediwm that can include, without Hmitation, magnetic disks, optical disks, organic memory,
and/or any other volatile {e.g., RAM) or non-volatile {e.g., ROM) storage system readable by
the processor 186. The memory 182 can include a data storage 183 to store indications of
data substrates, such as sensor readings (e.g., from the analyte bio-sensor 162), program
settings {e.g., to adjust behavior of the eyve-mooantable device 110 and/or external reader 180),
etc. The memory can also include program instructions 134 for execution by the processor
186 to cause the external reader to perform processes specitied by the program instructions
184. For example, the program instructions 184 can cause external reader 180 to provide s
aser interface that allows for retrieving information commumicated from the eyve-mountable
device 110 {c.g., sensor outputs from the analyte bio-sensor 162}, The external reader 180
can aiso include one or more hardware components for operating the antenna 188 to send and
receive the wireless signals 171 to and from the eye-mountable device 110. For example,
oscillators, frequency imectors, encoders, decoders, amplifiers, filters, etc. can drive the
antenina 188 according to instructions from the processor 186.

8646} The extornal reader 180 can be a smart phone, digital assistant, or other
portable computing device with wireless comnectivity sufficient to provide the wircless
conununication link 171, The external reader 180 can also be implemended as an antenna
module that can be plugged into a portable computing device, such as in an example where

the commumication hink 171 operates at carier frequencies not commonly employed in
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portable computing devices. In some instances, the external reader 180 is a special-purpose
device configared to be wom relatively near a wearer’s eye to allow the wireless
communication fink 171 to operatc with a low power budget. For example, the cxtomnal
reader 180 can be integrated in a piece of jowelry such as a necklace, caring, cte. or integrated
m an article of clothing worn near the head, such as a hat, headband, etc.

18047| In an example where the cve-mountable device 110 includes an analyte bio-
sensor 162, the systern 100 can be operated to monitor the analyie concentration in tear film
on the surface of the eye. Thus, the eye-mountable device 110 can be configured as a
platform for an ophthalmic analyte bio-sensor. The tear film is an aqueous layer seercted
from the lacrimal gland to coat the eye. The tear film is in contact with the blood supply
through capillarics in the substrate of the eye and mechides many biomarkers found in blood
that are analyzed to characterize a person’s health condition(s). For example, the tear film
mcludes glucose, calcium, sodium, cholesterol, potassium, other biomarkers, eic.  The
biomarker concentrations i the tear film can be systematically different than the
corresponding concentrations of the biomarkers in the blood, but a relationship between the
two concentration levels can be cstablished to map tear film biomarker concendration values
to blood concentration levels. For cxample, the tear film concentration of glocose can be
gstablished (c.g., empirically determined) to be approximately one tenth the corresponding
blood ghicose concentration. Thus, measuring tear film analyte concentration levels provides
a non-invasive technique for monitoring bomarker levels in comparison to blood sampling
techniques performed by lancing a volhume of blood to be analyzed outside a person’s body.
Moreover, the ophthalmic analyte bio-sensor platform disclosed here can be operated
substantially contfinuously to enable real tirae monttoring of analyte concentrations.

{8048} To perform a reading with the system 100 configured as a tear film analyte

monitor, the external reader 180 can emit radio frequency radiation 171 that is harvested to
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power the eye-mountable device 110 via the power supply 140, Radic frequency electrical
signals captured by the energy harvesting antenna 142 (and/or the antenna 170) are rectified
and/or regulated in the rectifier/regulator 146 and a regulated BC supply voltage 647 is
provided to the controller 150, The radio frequency radiation 171 thus turns on the electronic
components within the eve-mountable device 110. Once turned on, the controller 150
operates the analyte bio-sensor 162 to measure an analyte concentration fevel. For example,
the sensor interface module 152 can apply a voltage between a working electrode and 2
reference clectrode in the analyte bio-sensor 162 sufficient to cause the analyte to undergo an
electrochemical reaction at the working electrode. The current through the working electrode
can be measured to provide the sensor output indicative of the analyte concentration. The
controller 150 can operate the antenna 170 to commumicate the sensor results back to the
external reader 180 (e.g., via the commumication circuit 156). The sensor vesult can be
comumumnicated by, for example, modulating an impedance of the antenna 170 such that the
modolation in mpedance is detecied by the extornal reader 180, The modulation in antenns
impedance can be detected by, for example, backscatter radiation from the antenna 170.

18049} In some embodimonts, the system 100 can operate to non-continuously
(“mtermittently™) supply cnergy to the cye-mountable device 110 to power the on-board
controller 150 and the bio-interactive electronics 166, For example, radio frequency radiation
171 can be supplied to power the eye-mountable device 110 long enough to carry out a tear
film analytc concentration measurement and commumnicate the reselts. For example, the
supplied radio frequency radiation can provide sufficient power to charge two electrodes to a
potential sufficient to mduce electrochemical reactions, measure the resulting amperometric
current, and modulate the anterma impedance to adjust the backscatter radiation in a manner
indicative of the measured current. In such an example, the supplied radio frequency

radiation 171 can be considered an interrogation signal from the extemal reader 180 to the

ot
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eye-mountable device 110 to request a measurement. By periodically intervogating the eye-
mountable device 110 (e.g., by supplying radio frequency radiation 171 to temporarily turn
the device on) and storing the sensor results {(e.g., via the daia storage 183), the external
reader 180 can accumulate a set of analyte concentration measurements over time without
continuously powering the eye-mountable device 110

18056] Figure 2A is a top view of an clectronic structure 230, according fo an
cxample cmbodiment. In particular, the electronic structure 230 has an outer diameter 232
and an fnper diameter 234 and includes electronics 244, electromics 250, a sensor 260, and an
antenna 270 disposed thercon. The clectronic structure 230 may take the form of or be
similar in form to the substrate 130.

8851} The electronic structure 230 can have various sizes. For instance, the size of
the clectronic structure 230 may depend on which analvte an cye-mountable device is
configured to detect. Tn an example, the electronic structure 230 bhas a maximum height of
approximately 50 between 150 micrometers. Of course, other maximum heighis of the
electromic structure 230 are possible as well,

18052} In an example, the clectronic structure 230 has a height dumension of at least
50 micrometers. In other words, at some point of the electronic structure 230, the height of
the clectronic structure 230 may be at least SO micrometers. In an example, this height
dimension may correspond to a maximum height of the electronic structwe 230, In
accordance with the present disclosure, the maximum height of the clecironic structure 230
corresponds to the height of the electronie structure 230 at its highest point. For instance, in
the example where the electronie structure 230 comprises the sensor 260 and the electronics
250, the height of the electronic structure 230 may vary {and thus the clectronic structure 230
may have various height dimensions). For example, the height of the electronic structure 230

may be higher at a point where the electronics 250 is mounted on the electronic structure 234,
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whereas the height may be lower at a point where there 18 no chip on the clectronic structme
230, In such an example, the maximum height may correspond to the point where the
electronics 250 is mounted on the electronic structure 230,

{6853 The outer diameter 232 and the inner diameter 234 could take various different
forms in various different embodiments. In some embodiments, the outer diameter can have
a length between 125 and 15 millimeters. Moreover, in some embodiments, the inuner
diameter can have a length greator than 8 millimeters. And other lengths of the outer
diameter 232 and/or inmer diameter 234 are possible as well.

16054] The clectronics 240 and 250 could be configured in a varicty of ways, For
example, the clectronics 240 and/or the electronics 250 may be counfigured to operate the
sensor 260 and the antenna 270, And, in such an example, the clectromics 240 and/or the
electronics 250 may be contigured for wireless commmmication with an extemal reader, such
as the external reader 180, In some embodiments, the electronics 240 and the clectronics 250
may provide a bias voltage for the sensor 260 and adjost backscattered radio frequency (RF)
that is proportional to a current that is passing through the sensor 260,

HHIRSY! The clectronics 240 and the clectronics 250 could take various different forms
i various different cmbodiments.  In some embodiments, the electronics 240 and/or the
electronics 250 can comprise a chip inchuding one or more logical elements. The clectronics
240 and/or the clectronics 230 may take the form of or be similar in form to the controller
156.

18656] The sensor 260 is configured to detect gne or more analyies. The sensor 260
could take various different forms in various different embodiments. In some embodiments,
the sensor 260 can coraprise a pair of electrodes, such as a working electrode and a reference
electrode. The sensor 260 may take the form of or be similar in form to the analyie bio-

sensor 162.
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{8057} The antenma 270 is configured for communications and/or harvesting encrgy
as described herein. The anterma 270 includes a plorality of conductive loops 272 spaced
apart from gach other between the outer diameter 232 and the inner dismeter 234, In the
ustrated example, the plurality of conductive loops 272 includes three conductive loops
272A, 2728, and 272C. However, in other examples, a plorality of condactive loops may
nchude maore than three conductive loops, such as five conductive loops, nine conductive
loops, etc.

{6658} As shown in Figure 2A, the conductive loops 2724, 2728, and 272C are
connected 1o parallel. With this arrangement, cach of the conductive loops in the plurality of
conductive loops 272 is electrically connected to the clocironics 240, the electronics 250, and
the sensor 260 via a first conmection 274 and a second connection 276, And the clectronics
240, the electronics 250, and the sensor 260 are electrically connected via the first connection
274 and the second connection 276. The first connection 274 and the second connection 276
may take the formy of or be similar in form to the interconnects 151 and 157. Moreover, as
shown in Figare 2A, the conductive loops 272A, 2728, and 272C are substantially
concentric. The term “substantially concentric,” as used in this disclosure, refers to exactly
concentric and/or one or more deviations from exactly concentric that do not significantly
mpact embedding a structare in a body-mountable device as described herein.

{3059 And as shown in Figure 24, the conductive loops 2724, 2728, and 272C are
spaced apart from cach other between the outer diameter 232 and the inner diameter 234, In
an example, the conductive loops 272A, 2728, and 272C can be spaced apart from adjacent
conductive toops by a distance between 100 to 200 micrometers. Other distances are possible
as well.

16668] In some embodiments, one of the conductive loops 272A, 2728, and 272 can

have a width of 333 micrometers. Other widths of the conductive loops 272A, 272B, and
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272C are possible as welll Moreover, in some embodiments, the conductive loops 272A,

2728, and 272C can each have the same width (e.g., the conductive loops 272A, 2728, and

ot

272C can cach have a width of 333 micrometers). However, in some ombodiments, the
conductive loops 2724, 272B, and 272C might not have the same width.

ja061] Each conductive loop in the plurahity of conduetive loops 272 can comprise a
respective metal layer disposed between respective polymer layers. With this arrangement,
the polymer layers might block moisture from the metal layer. Figure 2B is a side cross-
section view of the structure shown in Figure 24, according to an example embodiment. As
shown in Figure 28, the conductive loop 2724 comprises a metal layer 280 disposed between
polymer layers 2824 and 2828, The respective metal layers of the conductive loops 2728
and 272C may take the form of or be similar in form to the to the metal layer 280, and the
respective polymer layers of the conductive loops 2728 and 272C may take the form of or be
similar in form to the polymer layers 282 A and 2828,

18862} in some embodiments, the metal layer 280 can comprise gold or another
conductive material that can be deposited on the clectronic stracture 230, such as platinom,
patladium, titanium, carbon, aluminum, copper, silver, and/or silver-chloride. And in at least
one such cmbodimeni, the metal layer 280 can have a thickness between § and 30
micrometers. Other thicknesses of the metal layer 280 are possible as well. In an example,
the metal layer 280 can be formed by a process that includes electroplating.

[8063] Morcover, in some embodiments, the polymer layers 282A and 282B can
comprise a relatively rigid transparent bio-compatible polymer, such as PET or parylenc-C
{e.g., dichlorodi-p-xylylene}). Each bio-compatible polymer included in the polymer layers
282A and 2828 may have an associated glass transition fomperature and an associated
melting temperature.  And in at feast sach cmbodiment, the polymer layers 282A and 2828

can have a thickness between 10 and 50 micrometers, such as 15 micrometers. Other

Mo
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thicknesses of the polymer layers 282A and 282B are possible as well. In an example, the
polymer layers 282A and 2828 can be formed by a process that includes chemical vapor
deposition.

[8864] In an example, the plurality of conductive loops 272 can be formed by a
process that includes etching a portion of a metal layer disposed between polymer layers with
an inductively coupled plasma, such as an oxygen plasma.,

18065} Figure 3A is a top view of an eye-mountable electronic device 310, Figure 3b
is a side view of the eve-mountable electronie device 310 shown in Figure 3A. It 15 noted
that relative dimensions in Figores 3a and 3b arc not necessarily to scale, but have becn
rendered for purposes of explanation only in describing the arrangement of the eyve-
mountable electronic device 310, The eye-mountable device 310 i3 formed of a transparent
polymer 320 shaped as a carved disk.  The transparent polymer 320 can be a substantially
transparent material to allow incident light to be fransmotted to the cve while the eye-
mouniable device 310 is mounted to the eye. The transparent polymer 320 can be a bio-
compatible material similar to those employed to form vision correction and/or cosmetic
contact lenses in optometry, such as PET, polvmethyl methacrviate ("PMMA™), silicone
hydrogels, combinations of these, etc. The transparent polymer 320 could take the form of or
be simnlar in form to the polymeric material 120,

[B066] The transparent polymer 320 can be formed with one side having a posterior
side 326 {i.c., concave swrface) suitable to fif over a corneal surface of an cye. The opposing
side of the disk can have anterior side 324 (ie., convex surface) that does not interfore with
eyehd motion while the eve-mountable device 310 1s mounted to the eve. A circular outer
side edge 328 counects the posterior side 326 and anterior side 324,

18667] The eye-mountable device 310 can have dimensions similar to a vision

correction and/or cosmetic contact lenses, such as a diameter of approximately 1 centimeter,
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and a thickness of about 8.1 to abowt 0.5 millimeters. However, the diameter and thickness
values are provided for explanatory purpoeses only. In some emmbodiments, the dimensions of
the eye-mountable device 310 can be sclected according to the size and/or shape of the
corneal surface and/or the scleral surface of the wearer’s eye.

{8868 While the eye-mountable device 310 is mounted in an eve, the anterior side
324 faces outward to the ambient environmend while the posterior side 326 faces inward,
toward the corneal surface. The anterior side 324 can therefore be considered an outer, top
surface of the eye-mountable deviee 310 whereas the posterior side 326 can be considered an
wner, bottom surface. The “top” view shown in Figure 3A is facing the anterior side 324,
[8869] The clectronic structure 330 is embedded in the transparent polymer 320, The
substrate 330 can be embedded to be situated along an outer periphery 322 of the transparent
polymer 320, away from a center region 321, The electronic structare 330 does not interfere
with vision because i 15 oo close to the eve to be o focus and is positioned away from the
center region 321 where incident light is transmitted to the light-sensing portions of the eye.
The electronic structure 330 can take the form or be similar n form to the substrate 130
and/or the electronic structure 230,

[6878] The electronic structure 330 has an outer diameter 332 and an inner diameter
334 and includes electronics 340, electromics 350, a sensor 360, and an antenna 370 disposed
thercon. The outer diameter 332 may take the form of or be similar in form to the outer
diameter 232, the inmer diameter 334 may take the form of or be similar in form to the inner
dizmeter 234, the clectronics 340 may take the form of or be similar in form to the controller
150 and/or the electronics 240, the electronics 350 may take the form or be similar in form to
the controller 150 and/or the electronics 250, and the sensor 360 may take the form or be

similar in form to the bio-analyte sensor 162 and/or the sensor 260,
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{8671} The antenna 370 15 configured for communications and/or harvesting energy,
like the antenna 270 is configured for commumications and/or harvesting energy. The
antenna 370 includes a plurality of conductive foops 372 spaced apart from cach other
between the outer diameter 332 and the imner diameter 334, In the illustrated example, the
phurality of conductive loops 372 includes three conductive loops 3724, 3728, and 372C.
However, in other examples, a plorality of conductive loops may include more than throe
conductive loops, such as five conductive loops, nine conductive loops, otc. When the
electromic structure 330 is embedded n the transparent polymer 320, the conduetive loops
372A, 3728, and 372C may move relative to each other.

18472} The conductive loops 3724, 3728, and 372C can have an arrangement similar
to an arrangement of the conductive loops 2724, 2728, and 272C. As shown in Figures 3a
and 3b, the conductive loops 372A, 3728, and 272C are comnected in parallel.  With this
arrangement, cach of the conductive loops in the phwality of conductive loops 372 is
ciectrically connected to the clecironics 344, the clectronics 350, and the sensor 360 via 3
first conmection 374 and a4 second comnection 376, And the clectronics 340, the electronics
350, and the sensor 360 are clectrically connected via the first connection 374 and the second
connection 376, The first connection 374 and the second connection 376 may take the form
of or be similar in form to the first connection 274 and the second connection 276 and/or the
miercomnects 151 and 157, Moreover, as shown in Figures 3a and 3b, the conductive loops
372A, 3728, and 372C arc substantially concentric. And as shown in Figures 3a and 3b, the
conductive loops 3724, 3728, and 372C are spaced apart from each other between the outer
diameter 332 and the mner diameter 334.

18673} The conductive foops 372A, 3728, and 372C may have a width that is the
same or similar to a width of the conductive loops 272A, 2728, and 272C. Moreover, cach

of the conductive loops in the plorality of conductive loops 372 can comprise a vespective
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metal layer disposed between respective polymer layers, Bke the conductive loops in the
plurality of conductive loops 272 comprise 3 respective metal layer disposed between
respective polymer layers. And the plurality of conductive loops 372 can be formed like the
phorality of conductive loops 272 is formed.

[B8074] In the illustrated example, the metal and polymer layers in cach conductive
loop 1o the plurality of conductive loops 372 are spaced apart from the metal and polymer
layers in cach adjacent conductive loop mn the in the plurality of conductive loops 372, In
some embodiments, the transparent polymer 320 can extend between adjacent conductive
loops (e.g., the conductive loop 372A and the conductive loop 372B and/or the conductive
ioop 3728 and the conductive loop 372C) in the phurality of conductive loops 372,

[B875] Moreover, m the illustrated example, the metal and polymer layers of
conductive loop 372B are spaced apart from the metal and pelymer layers of adjacent
conductive foop 372A by a first distance 394, and the metal and polyraer layers of conductive
loop 3728 arc spaced apart from the metal and polymer layers of adjacent conductive loop
372C by a second distance 396, In an cxample, the first distance 394 and the second distance
396 can be between 100 to 200 micrometers. Other distances are possible as well.

18476] The first distance 394 could be a different value than the second distance 396,
In some embodiments, the first distance 394 can be greater (or less) than the second distance
396, And the first distance 394 and/or the second distance 396 could vary. In some
cmbodiments, the first distance 394 can vary based on a rotational orientation of the
conductive loop 372B relative to the conductive loop 372A and/or the conductive loop 372C.
Morgover, in some embodiments, the second distance 396 can vary based on a rotational
orientation of the conductive loop 3728 relative to the conductive loop 372C and/or the

conductive loop 372A.
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18677} Figure 3C 1s a side cross-section view of the eye-mountable 310 while
mounted to a corneal surface 384 of an cye 380, according to an example embodiment.
Figure 3D is a close-in side cross-section view enhanced to show tear film layers 390, 392
surrounding exposed surfaces 324, 326 of the eye-mountable device 310, according to an
example embodiment. [t is noted that relative dimensions in Figures 3¢ and 3d are not
necessarily 1o scale, but have been rendered for purposes of explanation only in describing
the arrangement of the eye-mouniable electronic device 310, For example, the total thickness
of the eye-mountable device 310 can be about 200 micrometers, while the thickness of the
tear film layers 390, 392 can cach be about 10 micrometers, although this vatio may not be
reflected in the drawings. Some aspects are exaggeraied to aliow for ilhustration and facilitate
explanation.

{8078} The eye 380 inciudes a cornea 332 that is covered by bringing the upper eyelid
386 and lower cyelid 388 together over the top of the eye 380, Incident Hght s received by
the eve 380 through the cornea 382, where light is optically directed to light-sensing clements
of the eye 380 {e.g., rods and cones, ete.) to stimulate visual perception. The motion of the
eychids 386, 388 distribuies a tear film across the exposed corneal surface 384 of the eye 380,
The tear film is an aqueous solution secreted by the lacrimal gland to protect and lubricate the
eye 380. When the eye-mountable device 310 is mounted in the eye 380, the tear film coats
both the anterior and posterior sides 324, 326 with an inmer layer 390 {along the posterior side
326} and an outer layer 392 (along the anterior side 324}, The tear film layers 390, 392 can
be about 10 micrometers in thickness and together account for about 10 microliters.

HH The tear film javers 390, 392 are distributed across the comeal surface 384
and/or the posterior side 324 by motion of the eyelids 386, 388. For example, the eyelids
386, 388 raise and lower, respectively, (o spread a small volome of tear film across the

corneal surface 384 and/or the anterior side 324 of the eye-mountable device 310, The tear
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film layer 390 on the corneal surface 384 also facilitates mounting the eyve-mountable device
310 by capillary forces between the anterior side 326 and the corneal surface 384, In some
embodiments, the eve-mountable device 310 can also be held over the eye in part by vacuum

forces against the comeal surface 384 due to the concave curvature of the eye-facing anterior

ide 326,

7]

808G In some embodiments, a polymer tayer defining the anterior side 326 may be
greater than SO micrometers thick, whereas 3 polymer layer defining the posterior side 324
may be less than 150 micrometers. Thus, when the sensor 360 18 mounted on an outward-
facing surface 335 (as shown in Figure 312} the sensor 360 may be at least 50 micrometers
away from the anterior side 324 and may be a greater distance away from the posierior side
326. However, in other examples, the sensor 360 may be mounted on an inward-facing
surface 333 of the electronic structure 330 such that the sensor 360 s facing the posterior side
326. The sensor 360 could also be positioned closer to the anterior side 324 than the
posterior side 326. With this arrangement, the sensor 360 can reccive analyte concentrations
m the tear film 392 via a channel 373, In some examples, analyte concentrations in the tear
film 390 and/or 392 may ditfuse through the fransparent polymer 320 to the seosor 360, As a
result, the eve-mountable device 310 might not include the channel 373.

{8081} While the body-mountable device has been described as comprising the eye-
mountable device 110 and/or the eve-mountable device 310, the body-mountable device
could comprise other mouniable devices that arc mounied on or in other portions of the
human body.

186082} For example, in some embodiments, the body-mountable device may comprise
a teoth-mountable device. o some embodiments, the tooth-mountable device may take the
form of or be similar in form to the eye-mountable device 110 and/or the eye-mountable

device 310. For instance, the tooth-mountable device could include a polymeric material ora
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transparent polymer that is the same or simular to any of the polymeric materials or
transparent polymers described herein and a substrate or a stractare that is the same or similar
to any of the substrates or structures described herein. With such an arrangement, the tooth-
mountable device may be configured to detect at least one analyte in a fluid {e.g., saliva) of a
user wearing the tooth-mountable device.

8083 Moreover, in some embodiments, the body-mountable device roay coraprise a
skin-mountable device. In some embodiments, the skin-mountable device may take the form
of or be similar in form 1o the eve-mountable deviee 110 and/or the eye-mountable device
316, For instance, the skin-mountable device could fnclude & polymernic material or a
transparent polymer that is the same or similar to any of the polymeric materials or
transparent polymers described herein and a sobstrate or a structure that is the same or similar
to any of the substrates or structures described herein. With such an arrangement, the skin-
mountable device may be configured to detect at least onc analyte in a fluid (o.g.,
perspiration, blood, ctc.) of 3 user wearing the skin-mountable device.

6684} Further, some embodiments may inclode privacy controls which may be
automatically implemented or controlled by the wearer of a body-mountable device. For
example, where a wearer’s collected physiological parameter data and health state data are
uploaded to a clood computing network for trend analysis by a chinician, the data may be
treated in one or more ways before 1t iy stored or used, so that personally identifiable
mformation is removed. For example, 2 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 generalized where location information is obtained (such as to a city, ZIP code, or state
level), so that a particular location of a user canmot be determined.

{8085] Additionally or alternatively, wearers of a body-mountable dovice may be

provided with an opportunily to control whether or how the device collects information about
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the wearer {e.g., information about a wser’s medical history, social actions or activities,
profession, a user’s preferences, or a user’s cwrent location), or to control how such
information may be used. Thus, the wearer may have contrel over how information is
colfected about him or her and used by a chinician or physician or other user of the data. For
example, a wearer may clect that data, such as health state and physiological parameters,
cellected from his or her device may only be used for generating an individual baschine and
recommendations in response to collection and comparison of his or her own data and may
not be used in generating a population baseline or for use in population correlation studies.
16888} Figure 4 is a top view of a structure 430, according to an oxample
embodiment. In particular, the electronic structure 430 includes a spacer 478 configured to
maintain substantially uniform spacings between adjacent conductive loops in a plorality of
conductive loops 472, The term “substantially unitorm,” as wsed in this disclosure, refers to
exactly uniform and/or one or more deviations from cxactly votform that do not significantly
impact cmbedding an structure in a body-mountable device as described herein.

166871 More specifically, the electronic structure 430 has an outer diameter 432 and
an inner diameter 434 and includes electronics 440, electronics 450, a sensor 460, and an
antenna 470 disposed thereon. The outer diameter 432 may take the form of or be similar in
form to the outer diameter 232 andVor the outer diameter 332; the inmer diameter 434 may
take the form of or be similar in form to the inner dlameter 234 and/or the inner diameter 334;
the electronics 440 may take the form of or be similar in form to the controller 150, the
clectromics 240, and/or the clectronics 340, the clectromics 450 may take the form or be
stmifar in form to the controller 150, the electronics 250, and/or the electronics 350; and the
sensor 460 may take the form or be similar in form to the bio-analyie seusor 162, the sensor

260, and/or the sensor 360,
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{6038} The antenna 470 15 configured for communications and/or harvesting energy,
like the anterma 270 and the antenna 370 are configured for commumications and/or
harvesting energy. As noted, the sntenna 470 includes the plurality of conductive loops 472.
The plurality of condactive loops 472 i3 spaced apart from cach other between the outer
diameter 432 and the nner diameter 434, In the illustrated example, the plurality of
conductive loops 472 includes three conductive loops 472A, 4728, and 472C. However, in
other examples, a plurality of conductive loops may include more than three conductive
loops, such as five conductive loops, nine conductive loops, ete.

16689] The conductive loops 4724, 4728, and 472C can have an arrangement similar
to an arrangement of the conductive loops 2724, 2728, and 272C and/or the conductive
foops 372A, 3728, and 372C. As shown in Figure 4, the conductive loops 472A, 4728, and
472C are connected in parallel. With this arrangement, cach of the conductive loops in the
plurality of conductive loops 472 15 clectrically couneccted to the electronics 440, the
clectronics 450, and the sensor 46{) via a first connection 474 and a second connection 476,
And the electronics 440, the electronics 450, and the sensor 460 are electrically comnnected via
the first connection 474 and the second counection 476, The fust connection 474 and the
second connection 476 may take the form of or be similar in form to the interconnects 151
and 157, the first connection 274 and the second connection 276, and/or the first connection
374 and the second connection 376.

{6094 Moreover, as shown in Figure 4, the conductive loops 4724, 4728, and 472C
are subsiantially concentric. And as shown in Figure 4, the conductive loops 472A, 4728,
and 472C are spaced apart from each other between the outer diameter 432 and the inner
diameter 434, To an example, the conductive loops 4724, 4728, and 472C can be spaced
apart from adjacent conductive loops by a distance between 100 to 200 micrometers. Other

distances are possible as well,
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18691} The conductive loops 472A, 4728, and 472C may have a width that is the
same or similar to a width of the conductive loops 2724, 2728, and 272C and/or the
conductive foops 372A, 3728, and 372C. Moroover, cach of the conductive loops in the
phorality of conductive loops 472 can comprise a respective metal layer disposed between
respective polymer layers, like the conductive loops in the plurality of conductive loops 272
comprise a respective metal layer disposed between respective polymer layers,  And the
phurality of conductive loops 472 can be formed like the plorality of condoctive loops 272
and/or the plorality of conductive loops 372 is formed.

16092} The clectronic structure 430 may be embedded in a transparent polymoer, such
as the transparent polymer 320, For instance, when the electronic structure 430 is embedded
i the transparent polymer, when each of the conductive loops in the plurality of conductive
loops 472 comprise a respective metal layer disposed between respective polymer lavers, the
metal and polymer lavers in each conductive loop in the plurality of conductive loops 472 can
be spaced apart from the metal and polymer layers in each adjacent conductive foop in the
plurality of conductive loops 472, And the transparent polymer can extend between adjacent
conductive foops in the plurality of conductive loops 472,

16093] As noted, the electronic structure 430 includes the spacer 478, When the
electronic structire 430 13 cmbedded in the transparent polymer the conductive loops 472A,
4728, and 472C may not move relative to cach other based on the spacer 478,

[8694] As shown in Figure 4, the spacer 478 is connected to the conductive loops
4724, 4728, and 472C and is located on the electronie structure 430 substantially opposite of
the sensor 260, Other locations of the spacer 478 on the electronic structure 430 are possible
as well. For instance, the spacer 478 could be located on the clectronic structure 430 at a
predetermined rotational orientation, such as 30°, 45°, 60°, 90°, etic. The term “substantially

opposite,” as used in this disclosure, vefers to exactly opposite {e.g., 8 rotational orientation of
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1807} or one or more deviations from exactly opposite that do not significantly impact
embedding a structure in a body-mountable device as deseribed herein,

[B495] The spacer 47¢ could take various different forms in various different
embodiments. For example, in some embodiments, the spacer 478 can have a width between
50 and 300 micrometers.  Other widths of the spacer 478 are possible as well. Moreover, in
some embodiments, the spacer 478 can comprise a metal, such as gold, platinum, palladiam,
fitandum, ahiminum, copper, and/or silver. In some examples, the spacer 478 can comprise
the same metal as the respective metal layers of the conductive loops 472A, 4728, and 472C.
However, in other cxamples, the spacer 478 can comprise a different mctal than the
respective metal layers of the conductive loops 472A, 472B, and 472C. In an example, the
spacer 478 can be formed by a process that includes clectroplating,

{6096 Fuarthermore, in some embodiments, the spacer 478 can comprise a polymeric
material, such as PET or paralyene. In some cxamples, the spacer 478 can conprise the same
polymeric material as the respective polymer layers of the conductive loops 472A, 4728, and

472C. However, in other cxamples, the spacer 478 can comprise a different polymeric
material than the respective pelymer layers of the conductive loops 4724, 4728, and 472C.
In an example, the spacer 478 can be formed by a process that includes chemical vapor
deposition.

(8897} And in some embodiments, the spacer 478 can comprise a metal layer
disposed between polymer layers, like the respective metal layers disposed between the
respective polymer layers of the conductive loops 472A, 4728, and 472C.

6698} In an example, the spacer 478 1s formed by a process that includes etching a
portion of a metal and/or a polymeric material with an fnductively coupled plasma, such as an

oxygen plasma.
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18699} In the illustrated example, the electronic structure 430 includes one spacer, the
spacer 478, However, in other examples, a structure may include more than one spacer, such
as two spacers, three spacers, four spacers, etc. For instance, a structure could include one or
more spacers configured to maintain substantially wmiform spacings between adjacent
conductive joops m a plurality of conductive loops. And ecach spacer n the one or more
spacers could be located on the structire in a predetermined rotational orientation, such as
309, 457, 607, 90°, etc. Each of the spacers in the one or more spacers could take the form or
be similar in form to the spacer 4738,

HEA N Fxampie Methods

18106] Each of the clectronic structures 230, 330, 430 may be fabricaied on a
substantially flat surface. Moreover, each of the described electronic stroctures may have a
“memory” characteristic. That is, if the electronic structure 15 adhered to a polymer layer
such that the clectronic device has a curvature, the memory characteristic of the electronic
device may cause the clectronic structure to flatien over time.

18101} To minimize the amount of flattening of the electronic structures 230, 330,
430, the electronic structures 230, 330, 430 may be melded to bave a first curvature, Figures
SA-C illosirate stages in a process for molding an elecironic stracture configured for use in
body-mountable device, such as a molded electronic structure 530 shown in Figure SC.

[8102§ Figure 5A shows a cross-sectional view of a molding apparatus 500 that
inchudes a lower molding piece 502 and an upper molding picce 504, As shown in Figure
SA, an electronic structure S30A is inserted into a mwold cavity 506 of the lower molding
piece 502. The clectronic structure 330A may be the same as or substantially similar to any
one of the clectronic structures 230, 330, 430 described with rtespect to Figures 2-4,
respectively.  Similarly, a phirality of conductive loops 570 may be the same as or

substantially similar o any one of the plurality of conductive loops 270, 370, 470, and
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conductive loops 572A-C may be the same as or substantially similar to the conduoctive loops
272A-C, 372A-C, 472A-C. Additionally, the conductive loops 572A-C may be substantially
concentric rings, as illusirated in Figore SA.

8183} The upper mold 504 may be substantially centered over the lower meold 502,
Additionally, the lower mold 502 and/or the upper mold 504 may include cutouts (not shown)
for componerts of the compressed clectronic structure 5304, such as clectronics components
and/or sensor components {e.g., the electronics 250, 350, 450 and the sensors 260, 360, 460
described with respect to Figures 2-4, respectively),

19104} The mold cavity 506 may be concave and have a radius of curvature, The
radius of curvature of the mold cavity 506 may depend on a number of factors. In onc
example, the radivs of aurvature of the mold cavity 506 may be the same as or substantially
similar to the radius of curvature of a polymer layer of a body-mountable device. In an eye-
mountable device, for imstance, the radius of curvature of the mold cavity 506 may
correspond {0 a radius of curvature of one of 2 user’s cornea (i.¢., a base curve radius for the
user’s cormnea). In another example, however, the radius of curvature of the mold cavity 506
may be the same as or substantially similar to the anterior polymer layer of a body-mountable
device. In yet another example, the radius of curvature of the mold cavity 506 may be
selected to be between the radii of curvatire of the posterior polymer layer and the anterior
polymer layer.

[8105] Morcover, the radius of curvature of the mold cavity 506 may be less than the
radius of curvature of the posterior polymer layer. In some embodiments, the radius of
curvature of a molded clecirical structuve may flatten shghtly over time, which may
correspond to an increase in the radius of curvature of the molded electrical structure. The
increase in the radivs of curvatore may be estimated, perhaps by measuring the increase in the

radius of curvature of other molded electronic structures over a period of time. The radius of
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curvature of the mold cavity S06 may account for the estimated increase in the radins of
curvature of the molded electrical structure.

18166] As one example, the radius of curvature of the mold cavity 506 may be the
radius of cwrvature of one of the polymer layers of the body-mouontable device mimus an
offset. The offset may be based on the cstimated increase i the radius of curvature of a
molded clectronic structure.  Further, the offset may be within a tolerance of ranges. For
imstance, if the anticipated increase in a molded electrical structuve is approximately .5 mm,
the offset may be .S num +/- .2 mm. Other offsets and/or tolerances may also be used in other
exanples.

18167} The upper mold 504 includes a convex molding surface 508, The radius of
curvature of the molding sarface SO8 may be the same as or substantially similar to the radius
of curvature of the mold cavity S06. When the molding surface 508 is inserted iuto the mold
cavity 506, the conductive loops 572A-C may be compressed between the mold cavity 504
and the upper surface 508, which may cause the molded clectronic structure 530A to bave a
radius of curvature that is approximately equal to the radius of curvature of the mold cavity
504.

{8108} Figure SB shows a compressed electronic structure 530B that i1s compressed
by the molding apparatus 500 in the mold cavity 506 by the molding sorface S08. The
compressed electronic structure S30B comprises the same components as the electronic
structure 530A depicted in Figore SA.

18169} A force used to compress the compressed electronic structure S30B may
generally depend on the materials and components of the compressed electronic structure
530B. That is, the compression force may be sutficient to cause the plurality of conductive
foops 572 to conform to the shape of the mold cavity 504 withouot damaging the components

of the compressed electronic structure S30B.

(O8]
[N
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8114} During the molding process, the compressed electronic device 5308 may be
baked by heating the molding apparatus 500 to a predetermined temperature and maintaining
the predetermined temperature for a peried of time. The predetermined temperature and the
period of time may depend on one or more of the materials used to form the clectronic
structure. In one example, the compressed clectronic device 530B may comprise a layer ofa
bio-compatible polymer. The predetermined temperature may be greater than a glass
ransition temperatore and less than a meling temperature of the bio-compatible polymer.
The period of time may depend on the predetermined temperature. That s, the period of time
may be longer for lower predetermined femperatures than for higher predetermined
temperaturcs. For tnstance, the compressed electronic structure 5308 may include a layer of
parylene-C. In this example, the predetermined temperature may be between 80° C and 150°
C, and, more specifically, between 90° C and 110° C. The period of time may vary from a
few minutes to ninety minutes or more, depending on the predetermined temperature.

8111} After baking is compiete, the compressed structure 5308 may be cooled and
removed from the molding apparatus 500 to provide a molded electronic structure. Figure 5C
shows a side profile of a molded electronic structure 530C. The molded electronic structure
530C may bave a radius of curvature that is the same as or substantially similar to the radius
of corvatore of the mold cavity 504 of the lower mold 502.

{8112 Figure SC also shows spacers 578A and 578B. The spacers 378A, 3788 are
the same as or are substantiaily similar to the spacer 478 described with respect to Figure 4.
In addition to separating the conductive loops 572A-C, the spacers S78A, 578B may also
provide additional support for the molded electronic structuve 530

18113} The spacers 578A, 5788 may be composed of a material that does not have a

oy
i
i

“memory.” That is, the spacers 378A, S788 may not have a tendency to returm to their initial,

pre-mold shape. In this regard, the spacers 5784, 5788 may reduce or otherwise hmit the
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change in the radius of corvature (i.c., flatiening of the curvature over time) of the molded
electromic structure 530C. Consequently, the spacers 3784, S78B may further reduce the
likelihood of deformations in a body-mountable device that includes the molded clectronic
structure S30C.

(8114} In the molded electromic structure 530C, the spacers 578A, 378B are
substantially opposite from one another. That is, the spacers 5784, 5788 are approximatcly
1807 apart from onc apother. In other embodiments, however, the molded electronic
structure 530C may inchide more or fewer spacers.  For mstance, the melded clectronic
structure 330C may ioclude one spacer that is substantially opposite from the clectronics 550.
Other configurations of spacers may also be possible.

[B115] Figure 6 is a flow chart illustrating a8 method, according to an example
embodiment. The method 600 15 one example of a method that may be implemented to
fabricate a body-mountable device, such as one of the body-raountable device described with
respect to Figures 1.4, For purposes of illustration, the method 600 is described below as
being carried out by a fabrication device that utilizes cast or compression molding. It should
be understood, however, that the method 600 may be carried out by a fabrication device that
utilizes other methods for forming the polymer layers. It should also be understood that the
method 600 may be carried out by more than one fabrication device.

{811} Moreover, for purposes of illustration, the method 600 1s described below i a
scenario where a body-mountable device comprises an eye-mountable device. It should be
understood, however, that the method 600 may invelve scenarios where the body-mountable
device comprises other mountable devices that are mounted on or in other porfions of the
huraan body. For cxample, the method 600 may involve scenarios where the body-
mountabic device comprises a tooth-mountable device and/or a skin-mountable device as

described herein.

[N
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{6117} At block 602, the method 600 comprises molding an electronic structure to
have a first curvature corresponding to a first radins of curvature. Performing block 602 may
provide a molded clectronic structore that is the same as or substantially similar to the
molded electronic structure S30C described with respect to Figure 5C. Similarly, performing
block 602 may invelve employing a molding apparatus that fumetions n a manner that is the
same as o7 stmilar to the molding apparatus 500 described with respect to Figures SA-B.
(8118} At block 604, the method 600 comprises adhering the molded electronic
structure 1o a fivst polymer layer. The first polymer layer may comprise a polymer material.
The fabrication device may form the polymer material to provide the fust polymer layer,
perhaps by compressing the polymer material using one or more molding pieces.

[8119] After the polymer material is formed inte the first polymer layer, the
fabrication device may cure the first polymer layer. Curing involves the hardening of a
polymer material by cross-linking of polymer chains, and curing may be, for exaraple,
brought about by chemical additives, ultraviclet radiation, ¢lectron beam, and/or heat. In an
example, the polymer material can be a lght-curable polymer material, and the fabrication
device may be configured to cure the light-curable polymer material using light, such as
uftraviolet light or visible light

{6126} The first polymer layer may be formed to have a thickness that is suitable for
use in a body-mountable device. In one example, the thickness of the first polymer layer can
be sclected based on a particular analyte or analytes an eye-mountable device is configured to
detect. For example, an optimal thickness for a first analyte may be 10 micrometers, while an
optimal thickness for a second analyte may be 25 micrometers. Other examples are possible
as well,

{8121} Additionally, the fabrication device may form the first polymer layer to have a

second aurvature. The second corvature may correspond to a second radins of curvatire. In
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an example in which the first polymer layer is a posterior layer of an eye-mountable device,
the second curvature may be substantially similar to the curvature of a user’s cornea. That is,
the second radius of curvature may be substantially similar to the base corve radius of a
contact lens. In one eoxample, the first curvature is approximately equal to the second
curvature.  In another example, the first curvature may be greater than the second curvature.
In this example, the first curvature may be based on an estimated increase in the first radius
of curvature over a period of time. The difference between the first radivs of curvature and
the second radius of corvature may be approximately equal to the estimated increase in the
first radius of curvature. Moreover, the difference between the first radius of curvature and
the second radius of curvature may be within a tolerance of the cstimated increase in the first
radius of curvature. Other examples may also be possible,

{8122 The fabrication device may apply an adhesive to the molded electrome
structure and/or the first polymer layer. The applied adhesive may facilitate adbesion of the
molded electronic structure to the first polymer layer. For instance, a small amount of
adhesive may be applied to the first polymer layer. Additionally or alternatively, a small
amount of adhesive may be applied to the molded clectronic structure.  The fabrication
device may then position the molded clectronic structure on the first polymer layer, and the
adhesive may be cured such that the molded glectronic structure adheres to the first polymer
layer. With this arrangement, the molded clectromic structure may remain adhered to the first
polymer laver in a secure location during subsequent formation steps. In some embodiments,
a force and/or a torque can be applied to the molded electronic structure during curing of the
adhesive.

18123} In another example, the first polymer layer may be in a partially-cured state.
As such, the first polymer layer may have a tackiness that facilitates adhesion thereto, With

this arrangement, the molded electronic structure may be positioned on the first polymer layer
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and remain adhered to the first polymer layer in a secure location during subsequent
formation steps.

18124} At block 606, the method 600 includes forming a second polymer layer over
the molded electronic structure adhered to the first polymer layer. The fabrication device
may form a second polymer laver over the first polymer layer and the structure, such that the
molded clectromic structure is fully enclosed by the first polymer layer and the second
polymer layer, perbaps by using one or more molding pieces to compress the polymer
material and the molded electronic structure adhered to the first polymer layer.

191258} In some embodiments, the second polymer layer can extend between adjacent
conductive loops, such as the conductive loop 572A and the conductive loop 5728 and/or the
conductive loop 5728 and the conductive loop 572C, in the phurahity of conductive loops 572,
With this arrangement, the second polymer laver may bond to the first polymer layer between
the adjacent conductive loops in the plurality of conductive loops 5772,

{8126} After the second polymer fayer is formed, the fabrication device may cure the
second polymer layer. In one exarople, the second polymer layer can be cured hike the first
polymer layer. However, in other examples, the second polymer layer may be cured by
different techniques than the first polymer layer. The second polymer layer can be cured by
any of the technigues mentioned herein. In another example, the fabrication deviee may also
cure the first polymer layer at this stage.

{8127} After the second polymer layer is cured, there may not be a visible boundary
line separating the first polymer layer from the sccond polymer layer. As noted, Figore 3A
ithustrates the eve-mountable device 310, In particular, Figure 3A illustrates the eye-
mountable device 300 includes the transparent polymer 320, The fransparent polymer 320

can be arranged like the first polymer layer and the second polymer layer.



WO 2015/100266 PCT/US2014/071986

{6128} The fabrication device may be configired to form the sccond polymer layer to
have a thickness suitable for a body-mountable device. In one example, the fabrication
device may form the second polymer to have a defined a thickness of the second polymer
layer. In another example, the fabrication device may be configured to define a final
thickness of a body-mountable device, such as the eve-mountable device 310, Further, the
fabrication device may be configured to allow for a layer having a given desired thickness
between the first and second polymer layers {in addition to a thickness of the first polymer).

18129] In one example, the second polymer layer may have a thickness of greater than
50 micrometers. However, in other examples, the second polymer layer can bave a thickness
between S0 and 300 micrometers, such as 130 micrometers. It should be understood that
since the second polymer layer molds over the molded electronic structure, the second
polymer layer may not have a uniform thickness. For iustance, the thickness of the second
polymer layer sbove an electronic component of the molded electronic structure may be less

than the thickness of the sccond polymer layer is not touching the electronic component.

{8138} In another example, the thickness of the second polymer layer may depend on
a particular apalvte or analytes that the body-mountable device, such as the eyc-mountable
device 310, 1s configured to detect. For example, an optimal thickness for a first analyte may
be 10 nucrometers, while an optimal thickness for a second analyte may be 25 micrometers.
Other exarnples are possible as well.

{8131} The second polymer layer may be composed of the same polymer material as
the first polymer layer. However, in other examples, the second polymer layer may be
composed of a different polymer material than the first polymer layer. The second polymer
fayer can be any one of the polymer materials mentioned berein. In an example, the structure

can be more rigid than the second polymer layer.
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{8132} The second polymer layer may define an anterior side of an eye-mountable
device. That 1s, the second polymer layer defines an ocuter edge of the eye-mountable device.
When mounted on an eye of a user, the anterior side of the eye-mountable device defined by
the second polymer layer corresponds to the side of the device that is not touching the eye of
the user. The corvature of the second polymer layer may depend on a different characteristic
of a contact lens prescription, such as a maguification power of a contact lens.

V. Conclusion

{8133} it should be understood that arrangements described herein are for purposes of
example only. As such, those skilled n the art will appreciate that other arrangements and
other olements {¢.g., machines, inferfaces, functions, orders, and groupings of functions, ¢tc.)
can be used instead, and some cloments may be omitted altogether according to the desired
results. Further, many of the clements that are described are fimctional entities that may be
implemented as discrete or distributed components or in corjunction with other components,
in any suitable combination and focation,

18134} While various aspects and embodiments have been disclosed herein, other
aspects and embodiments will be apparent to those skilled i the art. The various aspects and
embodiments disclosed hercin are for purposes of illustration and arc not intended to be
timiting, with the trae 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 10 be understood that the
terminology used herein is for the purpose of describing particular embodiments ooly, and is
not intended to be Hmiting,

18135} Where example embodiments mvolve information related to a person or a
device of a person, some embodimenis may include privacy controls. Such privacy controls

may inclade, at least, anonymization of device identifiers, transparcncy and user confrols,
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mchiding functionality that would enable users to modify or delete information relating to the
user’s use of a product.

16136} Further, in situations in where embediments discussed herein 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, 8 user’s prefercnces, or a user’s current location), or to control whether and/or
how 1o 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 i is stored or used, so that
persenally identifiable information is removed. For example, a user’s identity may be treated
50 that no personally identifiable mformation can be determined for the user, or a user’s
geographic location may be generalized where location information is obtained (such as to a
city, Z1P code, or state level), so that a particular location of & user cannot be determined.
Thus, the user may have control over how information is collected about the user and used by

a content server.
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CLAIMS
We claim:

i. A method comprising:

molding an electronic structure 1o have a first curvature corresponding to a first radius
of curvature, wherein the clectronic structure comprises at least one antenna, a sensor, and an
electromic device;

adhering the molded clectronic structure to a first polymer fayer; and

forming a sccond polymer layer over the molded electronic structure adhered to the

first polymer layer.

2 The method of claim 1, wherein the first polymer layer has a second curvature
corresponding to a sccond radius of curvature, and wherein first radius of curvature is

approximately equal to the second radius of corvahire.

3. The maethod of claim 1, wherein the first pelymer layer has a second curvature
corresponding to a second radius of curvature, and wherein the first radius of corvature is less

than second radius of carvature.

4, The method of claim 3, wherein a difference between the first radius of

curvature and the second radius of curvature is within a predetermined tolerance.

5. The method of claim 1, wherein molding the electronic struchire comprises:
placing the clectronic structre in & meold cavity baving 2 curvature that is
approximately equal to the first curvatore; and

compressing the electronic stracture in the mold cavity.
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6. The method of claim S, wherein molding the cloctronic structure further
COMPriSes:

heating the compressed electronic structure at a predetermined temperature; and

maintaining the compressed electronie structure at the predetermined temperature for
a predetermined period of time.

7 The method of claim 5, wherein the electronic structme comprises a bio-
compatible polymer, and wherein the predetermined temperatore iz greater than 3 glass
transition temperature of the bio-compatible polymer and less than a melting temperature of

the bio-compatible polymenr.

3. The method of claim 1, wherein the electronic structure is formed as a ring
structure, and wherein molding the clectronic structure 1o have a first curvature comprises
placing the clectronic structure in a molding apparatus configured to mold a ring structure to

have the first curvature.

9. The method of claim 1, wherein the formed electronic structure includes at
least one support structure, and wherein, in the molded clectronic structure, the at least one

support struciure limits a change in the first curvature over a period of time.

13, The method of claim 9, wherein the at least one support structure inchides a

support structure positioned substantially opposite of the clectronic device.

it The method of claim 9, wherein the at least ong support structures inchudes

two sapport structures positioned approximately 1807 apart.
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12, The method of claim 8, wherein the antenna comprises two or more
conductive loops, and wherein the at least one support structure provides spacing between at

ieast two of the two or more conductive loops.

13, A device comprising:

a first polymer layer;

a moolded electronic structure having a first curvature that corresponds o a first radius
of curvature, wherein the molded electronic structure is adhered to the first polymer layer,
and wherein the molded clectronic structure comprises an antenna, a sensor, and an electronic
device; and

a sccond polymer layer that is formed over the molded electronic siructure adhered to

the first polymer layer.

4. The device of claim 13, wherein the first polymer layer has a second curvature
corresponding to a sccond radius of curvature, and wherein first radius of curvature is

approximately equal to the second radius of curvature,

15.  The device of claim 13, wherein the first polymer layer has a second curvature
corresponding to a second radius of curvatore, and wherein the first radius of curvatore is less

than second radius of curvature.

16, The device of claim 15, wherein a difference between the first radius of

curvature and the second radius of curvature is within a predetermined tolerance.

17. The device of claim 13, wheremn the molded electronic structure includes at
least one support structare that lunits a change in the first curvature over a peried of time.

44
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I8  The device of claim 17, whercin the at least one support structure mncludes a

support structure positioned substantially opposite the electronic device.

19, The device of claim 17, wherein the at least one support structures inciudes

two support structures positioned approximately 180° apart.

20, The device of claim 17, wherein the at least onc antenna comprises two o
more conductive loops, and wherein the at least one support structure provides spacing

between at least two of the two or more conductive loops.
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