
Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)

(19)
EP

3 
09

0 
38

8
B

1
*EP003090388B1*

(11) EP 3 090 388 B1
(12) EUROPEAN PATENT SPECIFICATION

(45) Date of publication and mention 
of the grant of the patent: 
02.12.2020 Bulletin 2020/49

(21) Application number: 14876410.3

(22) Date of filing: 23.12.2014

(51) Int Cl.:
H02J 50/20 (2016.01) A61F 2/14 (2006.01)

H04B 5/00 (2006.01) G02C 7/04 (2006.01)

(86) International application number: 
PCT/US2014/072123

(87) International publication number: 
WO 2015/103036 (09.07.2015 Gazette 2015/27)

(54) METHODS FOR ADJUSTING THE POWER OF AN EXTERNAL READER

VERFAHREN ZUR EINSTELLUNG DER LEISTUNG EINES EXTERNEN LESERS

PROCÉDÉS D’AJUSTEMENT DU COURANT D’UN LECTEUR EXTERNE

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR

(30) Priority: 30.12.2013 US 201314143596

(43) Date of publication of application: 
09.11.2016 Bulletin 2016/45

(73) Proprietor: Verily Life Sciences LLC
Mountain View, CA 94043 (US)

(72) Inventors:  
• PLETCHER, Nathan

Mountain View, CA 94043 (US)
• OTIS, Brian

Mountain View, CA 94043 (US)

• HONORE, Francis
Mountain View, CA 94043 (US)

• NELSON, Andrew
Mountain View, CA 94043 (US)

(74) Representative: Mewburn Ellis LLP
Aurora Building 
Counterslip
Bristol BS1 6BX (GB)

(56) References cited:  
EP-A2- 2 328 254 WO-A2-2006/055431
US-A1- 2008 036 605 US-A1- 2008 136 646
US-A1- 2008 136 646 US-A1- 2008 218 684
US-A1- 2011 193 520 US-A1- 2012 245 444



EP 3 090 388 B1

2

5

10

15

20

25

30

35

40

45

50

55

Description

BACKGROUND

[0001] Unless otherwise indicated herein, the materi-
als described in this section are not prior art to the claims
in this application and are not admitted to be prior art by
inclusion in this section.
[0002] Some electronic devices are of sufficiently small
size that a power supply cannot reasonably accompany
the device. In these instances, the electronic device may
receive power from an external power source. The ex-
ternal power source may be configured to supply power
to the electronic device wirelessly.
[0003] US 2008/0136646 A1 discloses a backscatter
transponder for use in contactless communication for the
purpose of identification.
[0004] EP 2 328 254 A2 discloses a circuit board as-
sembly in which an integrated circuit is powered wire-
lessly via a coil arranged to receive from a wire.
[0005] US 2012/0245444 A1 discloses a wireless pow-
ered contact lens with integrated glucose sensor. Data
from the sensor is transmitted by backscatter communi-
cation.

SUMMARY

[0006] According to one aspect of the invention, there
is provided a system as set out in claim 1. An apparatus
includes an antenna configured to receive electromag-
netic radiation to form a supply signal. The antenna is
also configured to output a backscatter signal based on
the received electromagnetic radiation. The antenna also
can adjust an antenna impedance to cause a backscatter
of the received electromagnetic radiation. The apparatus
also includes a rectifier configured to rectify the supply
signal into a supply voltage. Further, the apparatus in-
cludes a power unit configured to measure the supply
voltage. Additionally, the apparatus includes a measure-
ment unit configured to cause the antenna impedance to
communicate the measured supply voltage via the back-
scatter of received electromagnetic radiation.
[0007] According to another aspect, the invention pro-
vides reader apparatus as set out in claim 7. The reader
apparatus includes an antenna configured to transmit
electromagnetic radiation with a power level. The anten-
na also is configured to receive backscatter electromag-
netic radiation and output a voltage-indication signal
based on the backscatter electromagnetic radiation. The
reader apparatus also includes a control unit. The control
unit may be configured to analyze the voltage-indication
signal to determine a voltage of a device that caused the
backscatter electromagnetic radiation. The control unit
is configured to determine a voltage requirement for the
device. Further, the control unit is configured to respon-
sively adjust the power level based on the voltage re-
quirement.
[0008] According to another aspect, the invention pro-

vides two corresponding methods for a reader and an
apparatus as set out in claims 11 and 15.
[0009] These as well as other aspects, advantages,
and alternatives, will become apparent to those of ordi-
nary skill in the art by reading the following detailed de-
scription, with reference where appropriate to the accom-
panying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010]

Figure 1 is a block diagram of an example system
that includes an eye-mountable device in wireless
communication with a reader, in accordance with an
example embodiment.
Figure 2A is a bottom view of an example eye-mount-
able device, in accordance with an example embod-
iment.
Figure 2B is a side view of the example eye-mount-
able device shown in Figure 2A, in accordance with
an example embodiment.
Figure 2C is a side cross-section view of the example
eye-mountable device shown in Figures 2A and 2B
while mounted to a corneal surface of an eye.
Figure 2D is a side cross-section view of the example
eye-mountable device when mounted as shown in
Figure 2C, in accordance with an example embodi-
ment.
Figure 3 is a functional block diagram of an example
system for measuring a supply voltage, in accord-
ance with an example embodiment.
Figure 4 is a block diagram of an electrical sensor
system operated by a reader to obtain a series of
supply voltage measurements over time, in accord-
ance with an example embodiment.
Figure 5 shows an example wearer wearing two eye-
mountable devices, a band, earrings, and a neck-
lace, in accordance with an example embodiment.
Figure 6 shows a scenario where a reader commu-
nicates with an eye-mountable device and a display
device, in accordance with an example embodiment.
Figure 7 is a flow chart of an example method, in
accordance with an example embodiment.

DETAILED DESCRIPTION

[0011] One aspect of the present disclosure provides
a method for adjusting the power level of an external
reader of an electronic device, such as a contact lens
with integrated electronics. The external reader transmits
power to the electronic device with a radio frequency
electromagnetic signal. The electronic device may rectify
the radio frequency electromagnetic signal and create a
rectified voltage. The rectified voltage may be positively
correlated to the power level transmitted by the external
device. This rectified power may be used to power vari-
ous components of the electronic device. The rectified
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power can also be used to power a sensor of the elec-
tronic device configured to measure either a voltage or
power associated with the rectified voltage. The electron-
ic device may communicate the measured voltage or
power back to the external reader. Based on the com-
municated voltage or power, the external reader may ad-
just its power level of the transmitted power.
[0012] Several benefits may be achieved by adjusting
the transmitted power level of the external reader. First,
the battery of the external reader may be preserved. The
external reader may reduce the power level transmitted,
thus reducing the amount of battery power used, while
still continuing to maintain functionality of the electronic
device. Second, the amount of electromagnetic power
that is coupled into the body of a person using the elec-
tronic device may be minimized. In some embodiments,
the electronic device is part of an eye-mountable device.
The power level of the external reader may be chosen
to minimize the amount of energy that propagates into
the eye of a wearer of the eye-mountable device. Third,
the power level transmitted may be reduced in order to
prevent the power from interfering (e.g., jamming) nearby
electronic devices operating with the same wireless fre-
quency and/or technology. Fourth, if the power level from
the external device is too high, the external device may
have trouble receiving signals from the electric device.
The power may be high enough that the signals commu-
nicated from the electronic device back to the external
reader may be drowned out.
[0013] An external reader device or "reader" can radi-
ate radio frequency radiation to power the sensor. The
reader may thereby control the operation of the sensing
platform by controlling the supply of power to the sensing
platform. In some examples, the reader can operate to
intermittently interrogate the sensing platform to provide
a reading by radiating sufficient radiation to power the
sensing platform to obtain a measurement and commu-
nicate the result.
[0014] The external reader may also include process-
ing logic. The external reader may receive an indication
of a voltage from the electric device and compare the
voltage to the voltage required for certain functionality of
the electronic device. For example, some functionality of
the external device may run on 3.4 Volts while other func-
tionality may require 5 Volts for correct operation. There-
fore, when the external reader receives an indication of
the voltage of the electronic device, it may be able to
adjust its transmitted power to increase (or decrease) the
voltage of the electronic device.
[0015] The sensor of the ophthalmic sensing platform
can be configured with, or be part of, a Radio-frequency
Identification (RFID) tag. The RFID tag and reader can
communicate using an RFID protocol; e.g., an RFID Gen-
eration 2 protocol. The RFID tag can be configured to
receive radio signals from the reader. In some embodi-
ments, the reader’s signals can be used for both com-
municating with and powering the RFID tag; while in other
embodiments, the RFID tag can be a powered device;

e.g., be configured with a battery that powers the tag. In
embodiments, where a battery powers the tag, the read-
er’s signals may be used to charge the battery. Therefore,
the battery may be wirelessly charged in situ.
[0016] The reader can communicate with other devic-
es than the RFID tag. As one possible example, the read-
er can be equipped with a Bluetooth interface as well as
with an RFID interface. The reader can communicate with
other devices, e.g., a display device, via a Bluetooth or
other protocol. In one example, the reader can obtain
data from the RFID tag using RFID command(s); e.g.,
the RFID Generation 2 standard Read command. Upon
obtaining the data, the reader can store, process, and/or
communicate the data using the Bluetooth interface to
another device, such as the display device. Other inter-
faces for communicating with devices using other com-
munication protocol(s) are possible as well.
[0017] As an example, the above-mentioned contact
lens can be configured with a sensor that includes an
RFID tag. As mentioned above, the sensor can be con-
figured to take measurements while being worn in an eye
of a wearer. Upon taking the measurements, the sensor
may store data related to the measurements, and sub-
sequently send the data upon request from the reader.
The reader, in turn, can store and/or process the received
data. For example, the sensor can take current meas-
urements of a supply voltage in the tag. The reader can
process the supply voltage data to determine if the supply
voltage is large enough to power various components of
the tag. The determination may be based on a desired
functionality of the tag.
[0018] In some embodiments, the supply voltage infor-
mation can be sent from the reader to a display device.
The display device could be, for example, a wearable,
laptop, desktop, handheld, or tablet computer, a mobile
phone, or a subsystem of such a device. The display
device can include a processing system; e.g., a central
processing unit (CPU), and a non-transitory computer
readable medium configured to store at least program
instructions. One example of a wearable computer is a
head-mountable display (HMD). The HMD can be a de-
vice that is capable of being worn on the head and places
a display in front of one or both eyes of the wearer. The
display device can store the data received from the read-
er, perhaps process the data, and generate display(s)
based on the received and/or processed data.
[0019] In some embodiments, the reader and the dis-
play device can be configured with configuration data to
perform supply voltage processing. For example, the
reader can include configuration data such as current
measurement data for various levels of the supply volt-
age. Based on this configuration data, the reader can
determine if the supply voltage is high enough to power
various components of the tag. Also, the wearer may
provide an input to the display device to indicate a desired
functionality of the tag. Based on the desired functionality
of the tag, a threshold supply voltage may be needed.
[0020] During operation of these embodiments, the
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RFID tag in an eye of the wearer can generate supply
voltage data and send the supply voltage data to the read-
er. The reader can then process the supply voltage data
to compare it with a threshold supply voltage based on
a desired functionality of the tag. Then, the display device
can be configured to adjust a power level of the signal
transmitted from the reader to the tag. In particular em-
bodiments, either the reader or the display device can
take supply voltage data as inputs and adjust a power
level of the signal transmitted from the reader to the tag
as output; i.e., all processing can take place at either the
reader or display device.
[0021] In some embodiments, the reader can be con-
figured to be worn in proximity to one or more contact
lenses configured with sensors worn by a person. For
example, the reader can be configured to be part of a
pair of eyeglasses, jewelry (e.g.., earrings, necklace),
headband, head cover such as a hat or cap, earpiece,
other clothing (e.g., a scarf), and/or other devices. As
such, the reader can provide power and/or receive meas-
urements while proximate to the worn contact lens(es).
[0022] In other embodiments, both the display and the
reader may be combined into a single unit. For example,
a device, such as a mobile phone, may have functionality
to act as both the display and the reader to interact with
the tag.
[0023] Configuring the reader to be frequently worn in
proximity to one or more contact lenses enables the lens-
es to have a reliable external power source and/or stor-
age for sensor data collection, processing of sensor data,
and transmission of unprocessed and/or processed sen-
sor data to additional devices; e.g., the above-mentioned
display device. Thus, the herein-described reader can
provide valuable support functionality, including but not
limited to power, communication, and processing re-
sources, to enhance use of contact lenses with embed-
ded sensors, while enabling consequent reduction of
support functions on the contact lens. This reduction of
support functions on the contact lens may free resources
on the contact lens to enable addition of more and/or
different sensors and to provide for other functionality on
the contact lens.
[0024] Figure 1 is a block diagram of a system 100 that
includes an eye-mountable device 110 in wireless com-
munication with a reader 180. 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. A substrate 130 is embedded in the
polymeric material 120 to provide a mounting surface for
a power supply 140, a controller 150, voltage sensor 160,
and a communication antenna 170. The voltage sensor
160 may be operated by the controller 150 or it may op-
erate based on receiving the DC Power 141. The power
supply 140 supplies operating voltages to the controller
150 and/or the voltage sensor 160. The antenna 170 is
operated by the controller 150 to communicate informa-
tion to and/or from the eye-mountable device 110. The
antenna 170, the controller 150, the power supply 140,

and the voltage sensor 160 can all be situated on the
embedded substrate 130. Because the eye-mountable
device 110 includes electronics and is configured to be
contact-mounted to an eye, it is also referred to herein
as an ophthalmic electronics platform.
[0025] To facilitate contact-mounting, the polymeric
material 120 can have a concave surface configured to
adhere ("mount") to a moistened corneal surface (e.g.,
by capillary forces with a tear film coating the corneal
surface). Additionally or alternatively, the eye-mountable
device 110 can be adhered by a vacuum force between
the corneal surface and the polymeric material due to the
concave curvature. While mounted with the concave sur-
face against the eye, the outward-facing surface of the
polymeric material 120 can have a convex curvature that
is formed to not interfere with eye-lid motion while the
eye-mountable device 110 is mounted to the eye. For
example, the polymeric material 120 can be a substan-
tially transparent curved polymeric disk shaped similarly
to a contact lens.
[0026] The polymeric material 120 can include one or
more biocompatible materials, such as those employed
for use in contact lenses or other ophthalmic applications
involving direct contact with the corneal surface. The pol-
ymeric material 120 can optionally be formed in part from
such biocompatible materials or can include an outer
coating with such biocompatible materials. The polymer-
ic material 120 can include materials configured to mois-
turize the corneal surface, such as hydrogels and the
like. In some embodiments, the polymeric material 120
can be a deformable ("non-rigid") material to enhance
wearer comfort. In some embodiments, the polymeric
material 120 can be shaped to provide a predetermined,
vision-correcting optical power, such as can be provided
by a contact lens.
[0027] The substrate 130 includes one or more surfac-
es suitable for mounting the voltage sensor 160, the con-
troller 150, the power supply 140, and the antenna 170.
The substrate 130 can be employed both as a mounting
platform for chip-based circuitry (e.g., by flip-chip mount-
ing to connection pads) and/or as a platform for patterning
conductive materials (e.g., gold, platinum, palladium, ti-
tanium, copper, aluminum, silver, metals, other conduc-
tive materials, combinations of these, etc.) to create elec-
trodes, interconnects, connection pads, antennae, etc.
In some embodiments, substantially transparent conduc-
tive materials (e.g., indium tin oxide) can be patterned
on the substrate 130 to form circuitry, electrodes, etc.
For example, the antenna 170 can be formed by forming
a pattern of gold or another conductive material on the
substrate 130 by deposition, photolithography, electro-
plating, etc. Similarly, interconnects 151, 157 between
the controller 150 and the voltage sensor 160, and be-
tween the controller 150 and the antenna 170, respec-
tively, can be formed by depositing suitable patterns of
conductive materials on the substrate 130. A combination
of microfabrication techniques including, without limita-
tion, the use of photoresists, masks, deposition tech-
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niques, and/or plating techniques can be employed to
pattern materials on the substrate 130. The substrate
130 can be a relatively rigid material, such as polyethyl-
ene terephthalate ("PET") or another material configured
to structurally support the circuitry and/or chip-based
electronics within the polymeric material 120. The eye-
mountable device 110 can alternatively be arranged with
a group of unconnected substrates rather than a single
substrate. For example, the controller 150 and a voltage
sensor 160 can be mounted to one substrate, while the
antenna 170 is mounted to another substrate and the two
can be electrically connected via the interconnects 157.
[0028] In some embodiments, the voltage sensor 160
(and the substrate 130) can be positioned away from the
center of the eye-mountable device 110 and thereby
avoid interference with light transmission to the central,
light-sensitive region of the eye. For example, where the
eye-mountable device 110 is shaped as a concave-
curved disk, the substrate 130 can be embedded around
the periphery (e.g., near the outer circumference) of the
disk. In some embodiments, however, the voltage sensor
160 (and the substrate 130) can be positioned in or near
the central region of the eye-mountable device 110. Ad-
ditionally or alternatively, the voltage sensor 160 and/or
substrate 130 can be substantially transparent to incom-
ing visible light to mitigate interference with light trans-
mission to the eye. Moreover, in some embodiments, the
voltage sensor 160 can include a pixel array (not shown)
that emits and/or transmits light to be received by the eye
according to display instructions. Thus, the voltage sen-
sor 160 can optionally be positioned in the center of the
eye-mountable device so as to generate perceivable vis-
ual cues to a wearer of the eye-mountable device 110,
such as by displaying information (e.g., characters, sym-
bols, flashing patterns, etc.) on the pixel array.
[0029] The substrate 130 can be ring-shaped with a
radial width dimension sufficient to provide a mounting
platform for the embedded electronics components. The
substrate 130 can have a thickness sufficiently small to
allow 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 substrate 130 can be shaped as a ring
with a diameter of about 10 millimeters, a radial width of
about 1 millimeter (e.g., an outer radius 1 millimeter larger
than an inner radius), and a thickness of about 50 mi-
crometers. The substrate 130 can optionally be aligned
with the curvature of the eye-mounting surface of the
eye-mountable device 110 (e.g., convex surface). For
example, the substrate 130 can be shaped along the sur-
face of an imaginary cone between two circular segments
that define an inner radius and an outer radius. In such
an example, the surface of the substrate 130 along the
surface of the imaginary cone defines an inclined surface
that is approximately aligned with the curvature of the
eye mounting surface at that radius.

[0030] The power supply 140 is configured to harvest
ambient energy to power the controller 150 and voltage
sensor 160. For example, a radio-frequency energy-har-
vesting antenna 142 can capture energy from incident
radio radiation. Additionally or alternatively, solar cell(s)
144 ("photovoltaic cells") can capture energy from incom-
ing ultraviolet, visible, and/or infrared radiation. Further-
more, an inertial power scavenging system can be in-
cluded to capture energy from ambient vibrations. The
energy harvesting antenna 142 can optionally be a dual-
purpose antenna that is also used to communicate infor-
mation to the reader 180. That is, the functions of the
communication antenna 170 and the energy harvesting
antenna 142 can be accomplished with the same phys-
ical antenna.
[0031] A rectifier/regulator 146 can be used to condi-
tion the captured energy to a stable DC supply voltage
141 that is supplied to the controller 150. For example,
the energy harvesting antenna 142 can receive incident
radio frequency radiation. Varying electrical signals on
the leads of the antenna 142 are output to the rectifi-
er/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 controller 150. Additionally or alternatively, output
voltage from the solar cell(s) 144 can be regulated to a
level suitable for operating the controller 150. The recti-
fier/regulator 146 can include one or more energy storage
devices to mitigate high frequency variations in the am-
bient energy gathering antenna 142 and/or solar cell(s)
144. For example, one or more energy storage devices
(e.g., a capacitor, an inductor, etc.) can be connected in
parallel across the outputs of the rectifier 146 to regulate
the DC supply voltage 141 and configured to function as
a low-pass filter.
[0032] The controller 150 is turned on when the DC
supply voltage 141 is provided to the controller 150, and
the logic in the controller 150 operates the voltage sensor
160 and the antenna 170. The controller 150 can include
logic circuitry configured to operate the voltage sensor
160 so as to interact with the antenna 170 to control the
impedance of the antenna 170. The impedance of the
antenna 170 may be used to communicate via backscat-
ter radiation. Antenna 170 and backscatter radiation are
discussed further below.
[0033] In one example, the controller 150 includes a
sensor interface module 152 that is configured to inter-
face with the voltage sensor 160. The voltage sensor 160
can be, for example, an electrical sensor configured to
provide an output based on an input voltage of the voltage
sensor 160. A voltage can be applied at the input of the
voltage sensor 160. The voltage sensor 160 may respon-
sively create an output based on the input voltage. How-
ever, in some instances the input voltage may not be
sufficiently high to power the voltage sensor 160. When
the input voltage is not high enough to power the voltage
sensor 160, the voltage sensor 160 may not provide any
output. Although the current disclosure generally refer-
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rers to voltage sensor 160 as sensing a voltage, various
other electrical sensors may be used in the place of volt-
age sensor 160. For example, a current sensor, a power
sensor, or other electrical sensor may be used in the
place of the voltage sensor 160 within the context of the
present disclosure.
[0034] The controller 150 can optionally include a dis-
play driver module 154 for operating a pixel array. The
pixel array can be an array of separately programmable
light transmitting, light reflecting, and/or light emitting pix-
els arranged in rows and columns. The individual pixel
circuits can optionally include liquid crystal technologies,
microelectromechanical technologies, emissive diode
technologies, etc. to selectively transmit, reflect, and/or
emit light according to information from the display driver
module 154. Such a pixel array can also optionally in-
clude more than one color of pixels (e.g., red, green, and
blue pixels) to render visual content in color. The display
driver module 154 can include, for example, one or more
data lines providing programming information to the sep-
arately programmed pixels in the pixel array and one or
more addressing lines for setting groups of pixels to re-
ceive such programming information. Such a pixel array
situated on the eye can also include one or more lenses
to direct light from the pixel array to a focal plane per-
ceivable by the eye.
[0035] The controller 150 can also include a commu-
nication circuit 156 for sending and/or receiving informa-
tion via the antenna 170. The communication circuit 156
can optionally include one or more oscillators, mixers,
frequency injectors, etc. to modulate and/or demodulate
information on a carrier frequency to be transmitted
and/or received by the antenna 170. As previously stated,
in some examples, the eye-mountable device 110 is con-
figured to indicate an output from a voltage sensor 160
by modulating an impedance of the antenna 170 in a
manner that is perceivable by the reader 180. For exam-
ple, the communication circuit 156 can cause variations
in the amplitude, phase, and/or frequency of backscatter
radiation from the antenna 170, and such variations can
be detected by the reader 180.
[0036] The controller 150 is connected to the voltage
sensor 160 via interconnects 151. For example, where
the controller 150 includes logic elements implemented
in an integrated circuit to form the sensor interface mod-
ule 152 and/or display driver module 154, a patterned
conductive material (e.g., gold, platinum, palladium, tita-
nium, copper, aluminum, silver, metals, combinations of
these, etc.) can connect a terminal on the chip to the
voltage sensor 160. Similarly, the controller 150 is con-
nected to the antenna 170 via interconnects 157.
[0037] It is noted that the block diagram shown in Fig-
ure 1 is described in connection with functional modules
for convenience in description. However, embodiments
of the eye-mountable device 110 can be arranged with
one or more of the functional modules ("subsystems")
implemented in a single chip, integrated circuit, and/or
physical component. For example, while the rectifier/reg-

ulator 146 is illustrated in the power supply block 140,
the rectifier/regulator 146 can be implemented in a chip
that also includes the logic elements of the controller 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 to
components on a chip by rectifier and/or regulator com-
ponents located on the same chip. That is, the functional
blocks in Figure 1 shown as the power supply block 140
and controller block 150 need not be implemented as
physically separated modules. Moreover, one or more of
the functional modules described in Figure 1 can be im-
plemented by separately packaged chips electrically
connected to one another.
[0038] Additionally or alternatively, the energy harvest-
ing antenna 142 and the communication antenna 170
can be implemented with the same physical antenna. For
example, a loop antenna can both harvest incident radi-
ation for power generation and communicate information
via backscatter radiation.
[0039] The reader 180 can be configured to be external
to the eye; i.e., is not part of the eye-mountable device.
Reader 180 can include one or more antennas 188 to
send and receive wireless signals 171 to and from the
eye-mountable device 110. In some embodiments, read-
er 180 can communicate using hardware and/or software
operating according to one or more standards, such as,
but not limited to, a RFID standard, a Bluetooth standard,
a Wi-Fi standard, a Zigbee standard, etc.
[0040] Reader 180 can also include a computing sys-
tem with a processor 186 in communication with a mem-
ory 182. Memory 182 is a non-transitory computer-read-
able medium that can include, without limitation, mag-
netic disks, optical disks, organic memory, and/or any
other volatile (e.g. RAM) or non-volatile (e.g. ROM) stor-
age system readable by the processor 186. The memory
182 can include a data storage 183 to store indications
of data, such as sensor readings (e.g., from the voltage
sensor 160), program settings (e.g., to adjust behavior
of the eye-mountable device 110 and/or reader 180), etc.
The memory 182 can also include program instructions
184 for execution by the processor 186 to cause the read-
er 180 to perform processes specified by the instructions
184. For example, the program instructions 184 can
cause reader 180 to provide a user interface that allows
for retrieving information communicated from the eye-
mountable device 110 (e.g., sensor outputs from the volt-
age sensor 160). The reader 180 can also 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, oscil-
lators, frequency injectors, encoders, decoders, amplifi-
ers, filters, etc. can drive the antenna 188 according to
instructions from the processor 186.
[0041] In some embodiments, reader 180 can be a
smart phone, digital assistant, or other portable comput-
ing device with wireless connectivity sufficient to provide
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the wireless communication link 171. In other embodi-
ments, reader 180 can be implemented as an antenna
module that can be plugged in to a portable computing
device; e.g., in scenarios where the communication link
171 operates at carrier frequencies not commonly em-
ployed in portable computing devices. In even other em-
bodiments discussed below in more detail in the context
of at least Figure 5, the reader 180 can be a special-
purpose device configured to be worn relatively near a
wearer’s eye to allow the wireless communication link
171 to operate with a low power budget. For example,
the reader 180 can be integrated in a piece of jewelry
such as a necklace, earring, etc. or integrated in an article
of clothing worn near the head, such as a hat, headband,
etc.
[0042] Figure 2A is a bottom view of an example eye-
mountable electronic device 210 (or ophthalmic electron-
ics platform). Figure 2B is an aspect view of the example
eye-mountable electronic device shown in Figure 2A. It
is noted that relative dimensions in Figures 2A and 2B
are not necessarily to scale, but have been rendered for
purposes of explanation only in describing the arrange-
ment of the example eye-mountable electronic device
210. The eye-mountable device 210 is formed of a pol-
ymeric material 220 shaped as a curved disk. In some
embodiments, eye-mountable device 210 can include
some or all of the above-mentioned aspects of eye-
mountable device 110. In other embodiments, eye-
mountable device 110 can further include some or all of
the herein-mentioned aspects of eye-mountable device
210.
[0043] The polymeric material 220 can be a substan-
tially transparent material to allow incident light to be
transmitted to the eye while the eye-mountable device
210 is mounted to the eye. The polymeric material 220
can be a biocompatible material similar to those em-
ployed to form vision correction and/or cosmetic contact
lenses in optometry, such as polyethylene terephthalate
("PET"), polymethyl methacrylate ("PMMA"), polyhy-
droxyethylmethacrylate ("polyHEMA"), silicone hydro-
gels, combinations of these, etc. The polymeric material
220 can be formed with one side having a concave sur-
face 226 suitable to fit over a corneal surface of an eye.
The opposite side of the disk can have a convex surface
224 that does not interfere with eyelid motion while the
eye-mountable device 210 is mounted to the eye. A cir-
cular outer side edge 228 connects the concave surface
224 and convex surface 226.
[0044] The eye-mountable device 210 can have di-
mensions similar to a vision correction and/or cosmetic
contact lenses, such as a diameter of approximately 1
centimeter, and a thickness of about 0.1 to about 0.5
millimeters. However, the diameter and thickness values
are provided for explanatory purposes only. In some em-
bodiments, the dimensions of the eye-mountable device
210 can be selected according to the size and/or shape
of the corneal surface of the wearer’s eye.
[0045] The polymeric material 220 can be formed with

a curved shape in a variety of ways. For example, tech-
niques similar to those employed to form vision-correc-
tion contact lenses, such as heat molding, injection mold-
ing, spin casting, etc. can be employed to form the pol-
ymeric material 220. While the eye-mountable device
210 is mounted in an eye, the convex surface 224 faces
outward to the ambient environment while the concave
surface 226 faces inward, toward the corneal surface.
The convex surface 224 can therefore be considered an
outer, top surface of the eye-mountable device 210
whereas the concave surface 226 can be considered an
inner, bottom surface. The "bottom" view shown in Figure
2A is facing the concave surface 226. From the bottom
view shown in Figure 2A, the outer periphery 222, near
the outer circumference of the curved disk is curved to
extend out of the page, whereas the central region 221,
near the center of the disk is curved to extend into the
page.
[0046] A substrate 230 is embedded in the polymeric
material 220. The substrate 230 can be embedded to be
situated along the outer periphery 222 of the polymeric
material 220, away from the central region 221. The sub-
strate 230 does not interfere with vision because it is too
close to the eye to be in focus and is positioned away
from the central region 221 where incident light is trans-
mitted to the eye-sensing portions of the eye. Moreover,
the substrate 230 can be formed of a transparent material
to further mitigate effects on visual perception.
[0047] The substrate 230 can be shaped as a flat, cir-
cular ring (e.g., a disk with a centered hole). The flat sur-
face of the substrate 230 (e.g., along the radial width) is
a platform for mounting electronics such as chips (e.g.,
via flip-chip mounting) and for patterning conductive ma-
terials (e.g., via microfabrication techniques such as pho-
tolithography, deposition, plating, etc.) to form elec-
trodes, antenna(e), and/or interconnections. The sub-
strate 230 and the polymeric material 220 can be approx-
imately cylindrically symmetric about a common central
axis. The substrate 230 can have, for example, a diam-
eter of about 10 millimeters, a radial width of about 1
millimeter (e.g., an outer radius 1 millimeter greater than
an inner radius), and a thickness of about 50 microme-
ters. However, these dimensions are provided for exam-
ple purposes only, and in no way limit the present disclo-
sure. The substrate 230 can be implemented in a variety
of different form factors, similar to the discussion of the
substrate 130 in connection with Figure 1 above.
[0048] A loop antenna 270, controller 250, and voltage
sensor 260 are disposed on the embedded substrate
230. The controller 250 can be a chip including logic el-
ements configured to operate the voltage sensor 260 and
the loop antenna 270. The controller 250 is electrically
connected to the loop antenna 270 by interconnects 257
also situated on the substrate 230. Similarly, the control-
ler 250 is electrically connected to the voltage sensor 260
by an interconnect 251. The interconnects 251, 257, the
loop antenna 270, and any conductive electrodes (e.g.,
for a voltage sensor, etc.) can be formed from conductive
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materials patterned on the substrate 230 by a process
for precisely patterning such materials, such as deposi-
tion, photolithography, etc. The conductive materials pat-
terned on the substrate 230 can be, for example, gold,
platinum, palladium, titanium, carbon, aluminum, copper,
silver, silver-chloride, conductors formed from noble ma-
terials, metals, combinations of these, etc.
[0049] As shown in Figure 2A, which is a view facing
the convex surface 224 of the eye-mountable device 210,
voltage sensor 260 is mounted to a side of the substrate
230 facing the convex surface 224. In some embodi-
ments, some electronic components can be mounted on
one side of the substrate 230, while other electronic com-
ponents are mounted to the opposing side, and connec-
tions between the two can be made through conductive
materials passing through the substrate 230.
[0050] The loop antenna 270 is a layer of conductive
material patterned along the flat surface of the substrate
to form a flat conductive ring. In some instances, the loop
antenna 270 can be formed without making a complete
loop. For instances, the loop antenna can have a cutout
to allow room for the controller 250 and voltage sensor
260, as illustrated in Figure 2A. However, the loop an-
tenna 270 can also be arranged as a continuous strip of
conductive material that wraps entirely around the flat
surface of the substrate 230 one or more times. For ex-
ample, a strip of conductive material with multiple wind-
ings can be patterned on the side of the substrate 230
opposite the controller 250 and voltage sensor 260. In-
terconnects between the ends of such a wound antenna
(e.g., the antenna leads) can then be passed through the
substrate 230 to the controller 250.
[0051] Figure 2C is a side cross-section view of the
example eye-mountable electronic device 210 while
mounted to a corneal surface 22 of an eye 10. Figure 2D
is a close-in side cross-section view enhanced to show
the eye-mountable device 210. It is noted that relative
dimensions in Figures 2C and 2D are not necessarily to
scale, but have been rendered for purposes of explana-
tion only in describing the arrangement of the example
eye-mountable electronic device 210. For example, the
total thickness of the eye-mountable device can be about
200 micrometers, while the thickness of the tear film lay-
ers can each be about 10 micrometers, although this ratio
may not be reflected in the drawings. Some aspects are
exaggerated to allow for illustration and facilitate expla-
nation.
[0052] The eye 10 includes a cornea 20 that is covered
by bringing the upper eyelid 30 and lower eyelid 32 to-
gether over the top of the eye 10. Incident light is received
by the eye 10 through the cornea 20, where light is opti-
cally directed to light sensing elements of the eye 10 (e.g.,
rods and cones, etc.) to stimulate visual perception. The
motion of the eyelids 30, 32 distributes a tear film across
the exposed corneal surface 22 of the eye 10. The tear
film is an aqueous solution secreted by the lacrimal gland
to protect and lubricate the eye 10. When the eye-mount-
able device 210 is mounted in the eye 10, a tear film

coats both the concave and convex surfaces 224, 226
with an inner layer (along the concave surface 226) and
an outer layer (along the convex layer 224). The tear film
layers can be about 10 micrometers in thickness and
together account for about 10 microliters.
[0053] The tear film layers are distributed across the
corneal surface 22 and/or the convex surface 224 by mo-
tion of the eyelids 30, 32. For example, the eyelids 30,
32 raise and lower, respectively, to spread a small volume
of tear film across the corneal surface 22 and/or the con-
vex surface 224 of the eye-mountable device 210. The
tear film layer on the corneal surface 22 also facilitates
mounting the eye-mountable device 210 by capillary forc-
es between the concave surface 226 and the corneal
surface 22. In some embodiments, the eye-mountable
device 210 can also be held over the eye in part by vac-
uum forces against corneal surface 22 due to the concave
curvature of the eye-facing concave surface 226.
[0054] As shown in the cross-sectional views in Fig-
ures 2C and 2D, the substrate 230 can be inclined such
that the flat mounting surfaces of the substrate 230 are
approximately parallel to the adjacent portion of the con-
vex surface 224. As described above, the substrate 230
is a flattened ring with an inward-facing surface 232 (fac-
ing concave surface 226 of the polymeric material 220)
and an outward-facing surface 234 (facing convex sur-
face 224). The substrate 230 can have electronic com-
ponents and/or patterned conductive materials mounted
to either or both mounting surfaces 232, 234. As shown
in Figure 2D, the voltage sensor 260, controller 250, and
conductive interconnect 251 may be mounted on the out-
ward-facing surface 234. However, in other embodi-
ments, the various components may also be mounted on
the inward-facing surface.
[0055] The polymer layer defining the anterior side may
be greater than 50 micrometers thick, whereas the pol-
ymer layer defining the posterior side may be less than
150 micrometers. Thus, voltage sensor 260 may be at
least 50 micrometers away from the convex surface 224
and may be a greater distance away from the concave
surface 226. However, in other examples, the voltage
sensor 260 may be mounted on the inward-facing surface
232 of the substrate 230 such that the voltage sensor
260 are facing concave surface 226. The voltage sensor
260 could also be positioned closer to the concave sur-
face 226 than the convex surface 224.
[0056] Figure 3 is a functional block diagram of a sys-
tem 300 for adjusting the power of an external reader.
The system 300 includes an eye-mountable device 210
with embedded electronic components in communication
with and powered by reader 180. Reader 180 can also
be configured to communicate with a display device (the
display device may or may not be integrated with the
reader 180 as UI 348). Reader 180 and eye-mountable
device 210 can communicate according to one commu-
nication protocol or standard, shown in Figure 3 as RF
Power 341. In one particular embodiment, the protocol
used for RF Power 341 and Backscatter communication
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343 is an RFID protocol. The eye-mountable device 210
includes an antenna 312 for capturing radio frequency
(RF) power 341 from the reader 180. The antenna 312
may also create backscatter communication 343.
[0057] The eye-mountable device 210 includes rectifi-
er 314, energy storage 316 (that may output unregulated
voltage 317), and regulator 318 for generating regulated
supply voltages 330, 332 to operate the embedded elec-
tronics. The eye-mountable device 210 includes a volt-
age sensor 321 that may have a sensor interface 320.
The eye-mountable device 210 includes hardware logic
324 for communicating results from the sensor 321 to
the reader 180 by modulating the impedance of the an-
tenna 312. An impedance modulator 325 (shown sym-
bolically as a switch in Figure 3) can be used to modulate
the antenna impedance according to instructions from
the hardware logic 324. Similar to the eye-mountable de-
vice 110 discussed above in connection with Figure 1,
the eye-mountable device 210 can include a mounting
substrate embedded within a polymeric material config-
ured to be mounted to an eye.
[0058] With reference to Figure 3, in various embodi-
ments, the voltage sensor 321 measures either the un-
regulated voltage 317 or the regulated supply voltage
332. In various embodiments, the voltage measured by
the voltage sensor 321 may come from different sources.
As shown in Figure 3, the regulator 318 may provide the
regulated supply voltage 332 and the energy storage 316
may provide unregulated voltage 317. However, in other
embodiments, only one of the regulated supply voltage
332 and the unregulated voltage 317 may be provided
to the voltage sensor 321. In additional embodiments,
the regulated supply voltage 332 provided to the voltage
sensor 321 may be the same regulated supply voltage
330 that supplies power to the hardware logic 324. The
connections shown in Figure 3 are one example of pos-
sible configurations for the voltage sensor 321. The sen-
sor interface 320 may be configured as a part of the volt-
age sensor 321 itself. For example, the sensor interface
320 may convert the output of the voltage sensor 321
into a format that in understandable by the hardware logic
324.
[0059] In other embodiments, the sensor interface 320
can contain an electrical sensor other than voltage sen-
sor 321. For example, a current sensor, a power sensor,
or other electrical sensor may be used in the place of the
voltage sensor 321 within the context of the present dis-
closure. The connections to the sensor interface 320 may
change depending on the specific type of sensor that
forms a portion of sensor interface 320. For example, the
sensor unit 320 contains a parallel electrical connection
to the hardware logic 324. A current sensor may be
placed in a series electrical connection with one of the
hardware logic 324, voltage regulator 318, or other com-
ponent.
[0060] The rectifier 314, energy storage 316, and volt-
age regulator 318 operate to harvest energy from re-
ceived RF power 341. RF power 341 causes radio fre-

quency electrical signals on leads of the antenna 312.
The rectifier 314 is connected to the antenna leads and
converts the radio frequency electrical signals to a DC
voltage. The energy storage 316 (e.g., capacitor) is con-
nected across the output of the rectifier 314 to filter out
high frequency components of the DC voltage. The reg-
ulator 318 receives the filtered DC voltage (e.g. unregu-
lated voltage 317) and outputs both a regulated supply
voltage 330 to operate the hardware logic 324 and a reg-
ulated supply voltage 332 to operate the voltage sensor
321 of the sensor interface 320. For example, the supply
voltage can be equivalent to the voltage of the energy
storage 316. In another example, the supply voltage can
be equivalent to the voltage of the rectified DC voltage
from the rectifier 314. Additionally, the regulated supply
voltage 330 can be a voltage suitable for driving digital
logic circuitry, such as approximately 1.2 volts, approxi-
mately 3 volts, etc. The voltage needed as the regulated
supply voltage 330 may change depending on a func-
tionality requirement of the logic 324 (or a voltage re-
quirement of other components of the eye-mountable de-
vice 210). Reception of the RF power 341 from the reader
180 (or another source, such as ambient radiation, etc.)
causes the regulated supply voltages 330, 332 to be sup-
plied to the sensor 320 and hardware logic 324. While
powered, the sensor 320 and hardware logic 324 are
configured to generate and measure a voltage (such as
either unregulated voltage 317 or regulated supply volt-
ages 332) and communicate the results.
[0061] The sensor results can be communicated back
to the reader 180 via backscatter radiation 343 from the
antenna 312. The hardware logic 324 receives the supply
voltage from the sensor interface 320 (or the voltage sen-
sor 321 itself) and modulates (325) the impedance of the
antenna 312 in accordance with the supply voltage meas-
ured by the sensor 320. The antenna impedance and/or
change in antenna impedance are detected by the reader
180 via the backscatter signal 343.
[0062] Reader 180 can include an antenna and RF
front end 342 and logic components 344 to communicate
using a radio protocol, decode the information indicated
by the backscatter signal 343, provide digital inputs to a
processing system 346 and receive inputs and/or provide
outputs via user interface 348. The radio protocol can
be, for example, an RFID protocol. In some embodi-
ments, part or all of eye-mountable device 210 can be
configured to perform some or all features of an RFID
tag. For example, as shown in Figure 3, some or all of
the components shown as tag 370 of eye-mountable de-
vice 210 can perform some or all features of an RFID
tag; e.g., antenna 312, rectifier 314, energy storage 316,
voltage regulator 318, hardware logic 324, etc.
[0063] In some embodiments, one or more of the fea-
tures shown as separate functional blocks can be imple-
mented ("packaged") on a single chip. For example, the
eye-mountable device 210 can be implemented with the
rectifier 314, energy storage 316, voltage regulator 318,
sensor interface 320, and the hardware logic 324 pack-
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aged together in a single chip or controller module. Such
a controller can have interconnects ("leads") connected
to the loop antenna 312 and the sensor electrodes 322,
323. Such a controller operates to harvest energy re-
ceived at the loop antenna 312, measure the supply volt-
age created by the harvested energy, and indicate the
measured supply voltage via the antenna 312 (e.g.,
through the backscatter communication 343).
[0064] A processing system, such as, but not limited
to, processing system 346 or processing system 356,
can include one or more processors and one or more
storage components. Example processor(s) include, but
are not limited to, CPUs, Graphics Processing Units
(GPUs), digital signal processors (DSPs), application
specific integrated circuits (ASICs). Example storage
component(s) include, but are not limited to volatile
and/or non-volatile storage components, e.g., optical,
magnetic, organic or other memory, disc storage; Ran-
dom Access Memory (RAM), Read-Only Memory
(ROM), flash memory, optical memory unit, and disc
memory. The storage component(s) can be configured
to store software and data; e.g., computer-readable in-
structions configured, when executed by a processor of
the processing system, to cause the processing system
to carry out functions such as but not limited to the herein-
described functions of reader 180, eye-mountable device
210, and/or display device 350.
[0065] The reader 180 can associate the backscatter
signal 343 with the sensor result (e.g., via the processing
system 346 according to a pre-programmed relationship
associating impedance of the antenna 312 with output
from the sensor 320). The processing system 346 can
then store the indicated sensor results (e.g., induced sup-
ply voltage) in a local memory and/or an external memory
(e.g., by communicating with the external memory either
on display device 350 or through a network).
[0066] User interface 348 of reader 180 can include an
indicator, such as but not limited to one or more light-
emitting diodes (LEDs) and/or speakers, that can indicate
that reader 180 is operating and provide some informa-
tion about its status. For example, reader 180 can be
configured with an LED that displays one color (e.g.,
green) when operating normally and another color (e.g.,
red) when operating abnormally. In other embodiments,
the LED(s) can change display when processing and/or
communicating data in comparison to when idle (e.g.,
periodically turn on and off while processing data, con-
stantly stay on or constantly stay off while idle). The read-
er 180 may also provide an audio output based on the
voltage sensor data.
[0067] In some embodiments, one or more of the
LED(s) of user interface 348 can indicate a status of sen-
sor data; e.g., not display when sensor data are either
within normal range(s) or unavailable, display in a first
color when sensor data are either outside normal
range(s) but not extremely high or low, and display a
second color when the sensor data are extremely high
and/or low. For example, if the voltage sensor data is

unavailable, it may indicate that the RF Power 341 is too
low to induce a voltage in the eye-mountable device 210
to power the voltage sensor 321. In another embodiment,
the voltage sensor data may indicate the voltage is too
low based on the RF Power 341 being too low to induce
a voltage to power a component (or a function) of the
eye-mountable device 210. In yet another embodiment,
the voltage sensor data may indicate the voltage is too
high based on the RF Power 341 being high enough to
induce a voltage power a component (or a function) of
the eye-mountable device 210, but the voltage is suffi-
ciently higher than needed. In some embodiments, the
processing system 346 may responsively adjust the RF
Power 341 based on the voltage sensor data.
[0068] In some embodiments, reader 180 can commu-
nicate with devices in addition to eye-mountable device
210 / tag 370. For example, the reader 180 may also
function as a cellular phone or other mobile device.
[0069] Figure 4 is a block diagram of a system 400 with
eye-mountable device 210 operated by a reader 180 to
obtain a series of supply voltage measurements over
time. An electrical sensor; e.g., an embodiment of sensor
321, can be included with eye-mountable device 210. As
shown in Figure 4, eye-mountable device 210 is config-
ured to be contact-mounted over a corneal surface of an
eye 10. The ophthalmic electrical sensor can be operated
to be transitioned into an active measurement mode in
response to receiving a signal from the reader 180.
[0070] The reader 180 includes a processing system
346, configured with memory 414. The processing sys-
tem 412 can be a computing system that executes com-
puter-readable instruction stored in the memory 414 to
cause the reader 180 / system 400 to obtain a time series
of measurements by intermittently transmitting a meas-
urement signal to eye-mountable device 210. In re-
sponse to the measurement signal, one or more sensors
of eye-mountable device 210; e.g., electrical sensor 430,
can take measurement(s), obtain results of the measure-
ment(s), and communicate the results to reader 180 via
backscatter 422. As discussed above regarding Figure
3, reader 180 can provide RF power, such as RF power
420, to be harvested by the eye-mountable device 210.
For example, impedance of an antenna of eye-mountable
device 210 can be modulated in accordance with the sen-
sor result such that the backscatter radiation 422 indi-
cates the sensor results. Reader 180 can also use mem-
ory 414 to store indications of supply voltage measure-
ments communicated by the voltage sensor 430. The
reader 180 can thus be operated to intermittently power
the electrical sensor 430 so as to obtain a time series of
supply voltage measurements.
[0071] Figure 5 shows an example wearer 500 wearing
two eye-mountable devices 210a, 210b, a band 522, ear-
rings 524a, 524b, and a necklace 526. As discussed
above at least in the context of Figures 3, 4A, and 4B,
each eye-mountable device 210a, 210b can be config-
ured with sensor(s) to measure at least the supply voltage
induced in the respective lens.

17 18 



EP 3 090 388 B1

11

5

10

15

20

25

30

35

40

45

50

55

[0072] The functionality of band 522 can be performed
by a structure of another device, e.g., an eye-glass frame,
a head-mountable computer frame, a cap, a hat, part of
a hat or cap (e.g., a hat band or bill of a baseball cap), a
headphone headband, etc., or by a separate band; e.g.,
a head band, a scarf or bandanna worn as a head band.
For examples, band 522 can be supported by ear(s),
nose, hair, skin, and/or a head of wearer 500, and per-
haps by external devices e.g., stick pins, bobby pins,
headband elastics, snaps. Other and different support(s)
for band 522 are possible as well.
[0073] One or more of band 522, earrings 524a, 524b,
and necklace 526 can be configured to include one or
more readers; e.g., the above-mentioned reader 180.
Figure 5 shows three example positions 180a, 180b, and
180c for readers in band 522. For example, if only eye-
mountable device 210a has a sensor, then a reader, such
as reader 180, can be mounted in example positions
180a and/or 180b to send commands and power to eye-
mountable device 210a. Similarly, to power and commu-
nicate with a sensor in eye-mountable device 210b, a
reader mounted in band 522, such as reader 180, can
be mounted in example positions 180b and/or 180c.
[0074] Each of or both earrings 524a, 524b can be con-
figured with respective readers 180d, 180e for commu-
nicating with and power sensors in respective eye-
mountable devices 210a, 210b. Necklace 526 can be
configured with one or more readers 180f, 180g, 180h
for communicating with and power sensors in respective
eye-mountable device 210a, 210b. Other embodiments
are possible as well; e.g., readers in positions 180a-180c
or near those positions can be configured as part of a
hat, headband, scarf, jewelry (e.g., a brooch), glasses,
head mounted device, and/or other apparatus.
[0075] In some embodiments, a reader can power a
sensor in eye-mountable device 210 using a low-power
transmission; e.g., a transmission of 1 watt or less of
power. In these embodiments, the reader can be within
a predetermined distance; e.g., 1 foot, 40 cm, of eye-
mountable device 210a, 210b to power the sensor.
[0076] Figure 6 shows a scenario 600 where reader
180 communicates with an eye-mountable device (EMD)
210. In scenario 600, eye-mountable device 210 and
reader 180 communicate using an RFID protocol; e.g.,
an RFID Generation 2 protocol such as specified in
"EPC™ Radio-Frequency Identity Protocols Class-1
Generation-2 UHF RFID Protocol for Communications
at 860 MHz - 960 MHz, Version 1.2.0", October 23, 2008,
EPCglobal Inc.
[0077] In other scenarios, the reader, tag, display de-
vice, and/or other device(s) can communicate using dif-
ferent and/or additional protocols; e.g., an IEEE 802.11
protocol ("Wi-Fi"), an IEEE 802.15 protocol ("Zigbee"), a
Local Area Network (LAN) protocol, a Wireless Wide Ar-
ea Network (WWAN) protocol such as but not limited to
a 2G protocol (e.g., CDMA, TDMA, GSM), a 3G protocol
(e.g., CDMA-2000, UMTS), a 4G protocol (e.g., LTE,
WiMAX), a wired protocol (e.g., USB, a wired IEEE 802

protocol, RS-232, DTMF, dial pulse). Many other exam-
ples of protocol(s) and combination(s) of protocols can
be used as well.
[0078] Although scenario 600 in shown in a linear or-
der, the blocks may also be performed in a different order.
Additionally, in some embodiments, at least one block of
scenario 600 may be performed in parallel to another
block of scenario 600.
[0079] Scenario 600 begins with reader 180 sending
communication to the eye-mountable device (EMD) 210
with a transmit RF Power 620. The transmitted RF Power
620 may be a radio signal with a defined radio power. In
some embodiments, the radio power may be transmitted
as a continuous wave (CW) radio signal or the radio pow-
er may be transmitted as a pulse-modulated radio signal.
In other embodiments, the RF Power 620 transmission
may take a form other than a CW or pulse-modulated
radio signal. In some embodiments, the communication
may be an initialization of the eye-mountable device 210.
However, in other embodiments, the communication may
be the normal operation of the eye-mountable device
210.
[0080] When the EMD 210 received the RF power 620,
it converts the RF power 620 into a supply voltage. The
supply voltage is used to power various components
within the EMD 210. The EMD 210 may also be config-
ured to measure the supply voltage created in the EMD
210. The EMD 210 may include an electrical component
configured to measure the supply voltage induced in the
EMD 210 from the RF power 620. Additionally, the EMD
210 may be configured to create a backscatter signal
based on the measured supply voltage 622.
[0081] After transmitting RF Power 620 to an EMD 210,
the reader 180 may responsively receive a Supply Volt-
age Indication 624 communicated from the EMD 210.
The EMD may communicate the Supply Voltage Indica-
tion 624 through backscatter radiation of the RF Power
620. The backscatter radiation may be created by a mod-
ulation of an impedance of an antenna of the EMD 210.
The EMD 210 may be configured to modulate the anten-
na impedance to create a signal to communicate a supply
voltage induced in the EMD 210 by RF Power 620.
[0082] Once the Reader 180 receives the Supply Volt-
age Indication 624, it may Analyze the Voltage Indication
626. When the Reader 180 Analyzes the Voltage Indica-
tion 626, it may determine a supply voltage that was in-
duced in the EMD 210 by the RF power 620. In some
embodiments, Analyzing the Voltage Indication 626 may
determine that a signal received as Supply Voltage Indi-
cation 624 does not actually contain an indication of sup-
ply voltage. In this instance, the lack of an indication of
a supply voltage may indicate to the Reader 180 that the
there is an error in the EMD 210.
[0083] Once the Reader 180 Analyzes the Voltage In-
dication 626, it may responsively Determine a Voltage
Requirement 628. The Reader 180 may Determine a
Voltage Requirement 628. The Reader 180 may deter-
mine a voltage requirement in several ways. First, the
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Reader may determine a desired function for the EMD
210. Each desired function may have an associated volt-
age requirement. The Reader 180 may compare the volt-
age requirement for the desired function of the EMD 210
(or, in an instance where the EMD 210 performs multiple
functions, the highest voltage requirement needed for
any function). Once the Reader 180 Determines a Volt-
age Requirement 628, the Reader 180 may compare the
voltage requirement with the voltage indication to deter-
mine a difference between the Determined Voltage Re-
quirement 626 and the Voltage Indication 626. In other
embodiments, the Reader 180 may not have been able
to determine an inducted voltage in the EMD 210 when
Analyzing the Voltage Indication 626. In this embodi-
ment, the Reader 180 may determine that the voltage
induced in the EMD 210 is too low to power the voltage
sensor.
[0084] Once the reader has Determined Voltage Re-
quirement 628 (or determined the induced voltage is too
low), the reader may transmit to the EMD 120 with an
Adjusted RF Power 630. If the Determined Voltage Re-
quirement 628 is greater than the induced voltage deter-
mined by Determined Voltage Requirement 628, then
the Adjusted RF Power 628 will be increased compared
to the RF Power 620. If the Determined Voltage Require-
ment 628 is less than the induced voltage determined by
Determined Voltage Requirement 628, then the Adjusted
RF Power 630 may be decreased compared to the RF
Power 620. The Adjusted RF Power 630 does not have
to be decreased in order to power various components
of the EMD 210 (as the voltage is already sufficiently
high), but the Adjusted RF Power 630 may be lowered
to both conserve power of the Reader 180 and reduce
the amount of RF Power coupled into the body of the
person wearing the EMD 210. If the Reader 180 deter-
mines that the voltage induced in the EMD 210 is too low
to power the voltage sensor, the Reader 180 may in-
crease the RF Power when transmitting the Adjusted RF
Power 630. Scenario 600 may be repeated after the RF
Power is adjusted. Other examples of scenario 600 are
possible as well.
[0085] Figure 7 is a flow chart of an example method
700. Method 700 can be carried out by a device, such
as a tag in an eye-mountable device, or a device that
includes a processor, such the hardware logic 324, the
hardware logic may include a computer readable medium
storing machine-readable instructions, where the ma-
chine-readable instructions, when executed by a
processing component of the device, are configured to
cause the device to carry out some or all of the techniques
described herein as method 700.
[0086] Method 700 can begin at block 710. At block
710, the tag can receive RF (i.e. electromagnetic) power,
such as discussed above in the context of at least Figure
6. An antenna in the tag may receive the RF power and
output an RF signal (as a voltage). The RF signal may
be proportional to the received RF power. The tag can
be part of an eye-mountable device; e.g., tag 370 of eye-

mountable device 210, such as discussed above in more
detail in the context of at least Figure 3. In some embod-
iments, the reader can be within a predetermined dis-
tance from the tag when transmitting RF power to the
tag, such as discussed above in the context of at least
Figure 5. In other embodiments, the reader can be part
of an HMD, such as discussed above in the context of at
least Figure 5.
[0087] At block 720, the tag can rectify the RF signal
output from the antenna. By rectifying the supply signal,
a direct current (DC) supply voltage may be created. Be-
cause the supply signal may be a conversion of the prop-
agating RF power to a guided electric RF signal, it may
have alternating current properties. For example, the am-
plitude of the supply signal may vary from a positive volt-
age to a negative voltage. After rectification, the supply
voltage does not have an amplitude that swings from
positive to negative. Therefore the supply voltage may
be considered an unregulated DC supply voltage.
[0088] Additionally, the rectified supply voltage may al-
so be applied across a capacitor or other electrical stor-
age component. The capacitor (or storage component)
may perform at least one of two functions. First, the ca-
pacitor may store some electrical energy. This electrical
energy may be used to power components of the tag if
the RF power is no longer applied to the antenna of the
tag. Second, the capacitor may also provide some
smoothing (e.g. low-pass filtering) of the rectified voltage.
This smoothing may allow a more consistent supply volt-
age to be supplied to the various components of the tag.
[0089] At block 730, the tag may measure the supply
voltage with a measurement unit, such as a voltage sen-
sor. The voltage sensor may be configured to use both
the supply power to power itself, as well as measure the
voltage of the supply voltage. In other embodiments, the
tag can contain an electrical sensor other than a voltage
sensor. For example, a current sensor, a power sensor,
or other electrical sensor may be used in the place of the
voltage sensor within the context of the present disclo-
sure. If the electronic unit has a sensor other than a volt-
age sensor, a different electrical property of the supply
voltage may be measured.
[0090] In some embodiments, the supply voltage
measured by the voltage sensor is an unregulated volt-
age. The unregulated voltage may be provided by the
output of the capacitor (or other energy storage device).
In other embodiments, the supply voltage the voltage
sensor may measure is a regulated voltage. The regu-
lated voltage may be a voltage that comes out of a reg-
ulator component. A regulated voltage may have a more
consistent and stable voltage than the unregulated volt-
age. Additionally, regulated voltage may be used to sup-
ply power to various components of the device.
[0091] At block 740, the tag may adjust an antenna
impedance based on the measured supply voltage. The
antenna impedance may be adjusted in a way to cause
a backscatter signal of the RF power. The backscatter
signal may communicate the measured voltage back to
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a reader device. Therefore, through the impedance ad-
justment, the tag may communicate the measured supply
voltage back to the reader.
[0092] The present disclosure is not to be limited in
terms of the particular embodiments described in this ap-
plication, which are intended as illustrations of various
aspects. Many modifications and variations can be made,
as will be apparent to those skilled in the art. Functionally
equivalent methods and apparatuses within the scope of
the disclosure, in addition to those enumerated herein,
will be apparent to those skilled in the art from the fore-
going descriptions.
[0093] The above detailed description describes vari-
ous features and functions of the disclosed systems, de-
vices, and methods with reference to the accompanying
figures. In the figures, similar symbols typically identify
similar components, unless context dictates otherwise.
The example embodiments described herein and in the
figures are not meant to be limiting. Other embodiments
can be utilized, and other changes can be made, without
departing from scope of the subject matter presented
herein. It will be readily understood that the aspects of
the present disclosure, as generally described herein,
and illustrated in the figures, can be arranged, substitut-
ed, combined, separated, and designed in a wide variety
of different configurations, all of which are explicitly con-
templated herein.
[0094] With respect to any or all of the ladder diagrams,
scenarios, and flow charts in the figures and as discussed
herein, each block and/or communication may represent
a processing of information and/or a transmission of in-
formation in accordance with example embodiments. Al-
ternative embodiments are included within the scope of
these example embodiments. In these alternative em-
bodiments, for example, functions described as blocks,
transmissions, communications, requests, responses,
and/or messages may be executed out of order from that
shown or discussed, including substantially concurrent
or in reverse order, depending on the functionality in-
volved. Further, more or fewer blocks and/or functions
may be used with any of the ladder diagrams, scenarios,
and flow charts discussed herein, and these ladder dia-
grams, scenarios, and flow charts may be combined with
one another, in part or in whole.
[0095] A block that represents a processing of infor-
mation may correspond to circuitry that can be configured
to perform the specific logical functions of a herein-de-
scribed method or technique. Alternatively or additional-
ly, a block that represents a processing of information
may correspond to a module, a segment, or a portion of
program code (including related data). The program code
may include one or more instructions executable by a
processor for implementing specific logical functions or
actions in the method or technique. The program code
and/or related data may be stored on any type of com-
puter readable medium such as a storage device includ-
ing a disk or hard drive or other storage medium.
[0096] The computer readable medium may also in-

clude non-transitory computer readable media such as
computer-readable media that stores data for short pe-
riods of time like register memory, processor cache, and
random access memory (RAM). The computer readable
media may also include non-transitory computer reada-
ble media that stores program code and/or data for longer
periods of time, such as secondary or persistent long
term storage, like read only memory (ROM), optical or
magnetic disks, compact-disc read only memory (CD-
ROM), for example. The computer readable media may
also be any other volatile or non-volatile storage systems.
A computer readable medium may be considered a com-
puter readable storage medium, for example, or a tangi-
ble storage device.
[0097] Moreover, a block that represents one or more
information transmissions may correspond to information
transmissions between software and/or hardware mod-
ules in the same physical device. However, other infor-
mation transmissions may be between software modules
and/or hardware modules in different physical devices.
[0098] The particular arrangements shown in the fig-
ures should not be viewed as limiting. It should be un-
derstood that other embodiments can include more or
less of each element shown in a given figure. Further,
some of the illustrated elements can be combined or omit-
ted. Yet further, an example embodiment can include el-
ements that are not illustrated in the figures.
[0099] It will be readily understood that the aspects of
the present disclosure, as generally described herein,
and illustrated in the figures, can be arranged, substitut-
ed, combined, separated, and designed in a wide variety
of different configurations, all of which are explicitly con-
templated herein. While various aspects and embodi-
ments have been disclosed herein, other aspects and
embodiments will be apparent to those skilled in the art.
[0100] Example methods and systems are described
above. It should be understood that the words "example"
and "exemplary" are used herein to mean "serving as an
example, instance, or illustration." Any embodiment or
feature described herein as being an "example" or "ex-
emplary" is not necessarily to be construed as preferred
or advantageous over other embodiments or features.
Reference is made herein to the accompanying figures,
which form a part thereof. In the figures, similar symbols
typically identify similar components, unless context dic-
tates otherwise. Other embodiments may be utilized, and
other changes may be made. The various aspects and
embodiments disclosed herein are for purposes of illus-
tration and are not intended to be limiting, with the true
scope being indicated by the following claims.

Claims

1. A system (100, 300) comprising an apparatus (210)
and a reader (180), the apparatus comprising:

an antenna (312) configured to:
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receive electromagnetic radiation (341)
from the reader to form a supply signal, and
output a backscatter signal (343) based on
the received electromagnetic radiation;
a rectifier (314) configured to rectify the sup-
ply signal into a supply voltage;

a measurement unit (321) configured to meas-
ure the supply voltage; and
a control unit (324) configured to communicate
the measured supply voltage to the reader via
the backscatter of received electromagnetic ra-
diation, wherein the backscatter signal is creat-
ed by a modulation of the antenna impedance;
wherein the apparatus is configured to perform
one or more functions, each of the one or more
functions having an associated voltage require-
ment;
wherein the reader is configured to determine a
desired function of the apparatus from the one
or more functions and;
wherein the antenna is configured to receive ad-
justed electromagnetic radiation from the reader
to provide a supply voltage for performing the
desired function of the one or more functions.

2. The system according to claim 1, wherein the supply
voltage provides power to the components of the ap-
paratus.

3. The system according to claim 1, wherein the control
unit is further configured to determine a voltage re-
quirement threshold.

4. The system according to claim 3, wherein the voltage
requirement threshold is based on a function per-
formed by the apparatus.

5. The system according to claim 1, wherein the ad-
justed electromagnetic radiation is based on a func-
tionality requirement of the apparatus.

6. The system according to claim 1, wherein the appa-
ratus comprises an eye-mountable device.

7. A reader apparatus (180) comprising:

an antenna (188) configured to:

transmit electromagnetic radiation with a
power level, and
receive backscatter electromagnetic radia-
tion resulting from the transmitted electro-
magnetic radiation and output a voltage-in-
dication signal based on the backscatter
electromagnetic radiation;

a control unit configured to:

analyze (626) the voltage-indication signal
to determine a voltage of a device (210) that
caused the backscatter electromagnetic ra-
diation;
determine a desired function of the device;
determine (628) a voltage requirement for
the device based on a voltage requirement
associated with the desired function of the
device; and
responsively adjust the power level based
on the voltage requirement for the device.

8. The reader apparatus according to claim 7, wherein
the control unit determines the voltage requirement
based on any of:

a threshold power requirement for the device,
and
a function the device will perform.

9. The reader apparatus according to claim 7, wherein
the control unit is further configured to:

responsively adjust the power level based on
both the voltage requirement and a power usage
of the reader apparatus, or
responsively increase the power level based on
not receiving backscatter, or
responsively increase the power level based on
analyzing the voltage-indication signal to deter-
mine the voltage of the device is not high enough
to power a power unit of the device.

10. The reader apparatus according to claim 7, further
comprising a speaker, wherein the speaker is con-
figured to output a sound based on the voltage-indi-
cation signal.

11. A method (700) comprising:

receiving (710), at an apparatus, electromagnet-
ic radiation with an antenna to form a supply
signal;
rectifying (720) the supply signal into a supply
voltage;
measuring (730) the supply voltage with a meas-
urement unit;
modulating (740) an antenna impedance of the
antenna to create a backscatter signal that com-
municates the measured supply voltage via a
backscatter of the received electromagnetic ra-
diation to a reader;
determining, by the reader, a desired function
of the apparatus, wherein the apparatus is con-
figured to perform one or more functions, each
of the one or more functions having an associ-
ated voltage requirement; and
receiving, at the apparatus, adjusted electro-
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magnetic radiation with the antenna to provide
a supply voltage for performing the desired func-
tion of the one or more functions.

12. The method according to claim 11, further compris-
ing powering components of the apparatus with the
supply voltage provided by the adjusted electromag-
netic radiation.

13. The method according to claim 11, further compris-
ing determining a voltage requirement threshold
based on the desired function.

14. The method according to claim 11, wherein the an-
tenna is disposed on an eye-mountable device.

15. A method performed by a reader apparatus (180),
the method comprising:

with an antenna (188) of the reader apparatus:

transmitting electromagnetic radiation with
a power level;
receiving backscatter electromagnetic radi-
ation resulting from the transmitted electro-
magnetic radiation, and outputting a volt-
age-indication signal based on the back-
scatter electromagnetic radiation;

with a control unit of the reader apparatus:

analysing the voltage-indication signal to
determine a voltage of a device (210) that
caused the backscatter electromagnetic ra-
diation;
determining a desired function of the de-
vice;
determining a voltage requirement for the
device based on a voltage requirement as-
sociated with the desired function of the de-
vice; and
responsively adjusting the power level
based on the voltage requirement for the
device.

Patentansprüche

1. System (100, 300), das eine Vorrichtung (210) und
eine Leseeinheit (180) umfasst, wobei die Vorrich-
tung Folgendes umfasst:

eine Antenne (312), die ausgelegt ist, um:

elektromagnetische Strahlung (341) von
der Leseeinheit zu empfangen, um ein Ver-
sorgungssignal auszubilden und
ein Rückstreusignal (343) basierend auf der

empfangenen elektromagnetischen Strah-
lung auszugeben;
einen Gleichrichter (314), der ausgelegt ist,
um das Versorgungssignal zu einer Versor-
gungsspannung gleichzurichten;

eine Messeinheit (321), die ausgelegt ist, um die
Versorgungsspannung zu messen; und
eine Steuereinheit (324), die ausgelegt ist, um
die gemessene Versorgungsspannung über die
Rückstreuung der empfangenen elektromagne-
tischen Strahlung an die Leseeinheit zu kommu-
nizieren, wobei das Rückstreusignal durch eine
Modulation der Antennenimpedanz erzeugt
wird;
wobei die Vorrichtung ausgelegt ist, um eine
oder mehrere Funktionen auszuführen, von de-
nen jede der einen oder mehreren Funktionen
eine zugeordnete Spannungsanforderung auf-
weist;
wobei die Leseeinheit ausgelegt ist, um eine ge-
wünschte Funktion der Vorrichtung aus der ei-
nen oder den mehreren Funktionen zu bestim-
men; und
wobei die Antenne ausgelegt ist, um eine ein-
gestellte elektromagnetische Strahlung von der
Leseeinheit zu empfangen, um eine Versor-
gungsspannung zum Durchführen der ge-
wünschten Funktion aus der einen oder den
mehreren Funktionen bereitzustellen.

2. System nach Anspruch 1, wobei die Versorgungs-
spannung die Komponenten der Vorrichtung mit
Leistung versorgt.

3. System nach Anspruch 1, wobei die Steuereinheit
ferner ausgelegt ist, um eine Spannungsanforde-
rungsschwelle zu bestimmen.

4. System nach Anspruch 3, wobei die Spannungsan-
forderungsschwelle auf einer Funktion basiert, die
durch die Vorrichtung ausgeführt wird.

5. System nach Anspruch 1, wobei die eingestellte
elektromagnetische Strahlung auf einer Funktiona-
litätsanforderung der Vorrichtung basiert.

6. System nach Anspruch 1, wobei die Vorrichtung eine
am Auge anbringbare Vorrichtung umfasst.

7. Lesevorrichtung (180), die Folgendes umfasst:

eine Antenne (188), die ausgelegt ist, um:

elektromagnetische Strahlung mit einem
Leistungspegel zu übertragen und
elektromagnetische Rückstreustrahlung zu
empfangen, die aus der übertragenen elek-
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tromagnetischen Strahlung resultiert, und
ein Spannungsangabesignal basierend auf
der elektromagnetischen Rückstreustrah-
lung auszugeben;

eine Steuereinheit, die ausgelegt ist, um:

das Spannungsangabesignal zu analysie-
ren (626), um eine Spannung einer Vorrich-
tung (210) zu bestimmen, die die elektro-
magnetische Rückstreustrahlung verur-
sacht hat;
eine gewünschte Funktion der Vorrichtung
zu bestimmen;
eine Spannungsanforderung für die Vor-
richtung basierend auf einer Spannungsan-
forderung zu bestimmen (628), die der ge-
wünschten Funktion der Vorrichtung zuge-
ordnet ist; und
den Leistungspegel basierend auf der
Spannungsanforderung für die Vorrichtung
responsiv einzustellen.

8. Lesevorrichtung nach Anspruch 7, wobei die Steu-
ereinheit die Spannungsanforderung basierend auf
einem beliebigen der folgenden bestimmt:

einer Schwellenleistungsanforderung für die
Vorrichtung und
einer Funktion, die die Vorrichtung ausführen
wird.

9. Lesevorrichtung nach Anspruch 7, wobei die Steu-
ereinheit ferner ausgelegt ist, um:

den Leistungspegel basierend auf der Span-
nungsanforderung sowie auf einem Leistungs-
verbrauch der Lesevorrichtung responsiv einzu-
stellen oder
den Leistungsspeigel basierend auf dem aus-
bleibenden Empfang von Rückstreuung respon-
siv zu erhöhen oder
den Leistungspegel basierend auf dem Analy-
sieren des Spannungsangabesignals responsiv
zu erhöhen, um zu bestimmen, dass die Span-
nung der Vorrichtung nicht hoch genug ist, um
eine Leistungseinheit der Vorrichtung mit Leis-
tung zu versorgen.

10. Lesevorrichtung nach Anspruch 7, die ferner einen
Lautsprecher umfasst, wobei der Lautsprecher aus-
gelegt ist, um basierend auf dem Spannungsanga-
besignal Ton auszugeben.

11. Verfahren (700), das Folgendes umfasst:

Empfangen (710) von elektromagnetischer
Strahlung mit einer Antenne an einer Vorrich-

tung, um ein Versorgungssignal zu bilden;
Gleichrichten (720) des Versorgungssignals zu
einer Versorgungsspannung;
Messen (730) der Versorgungsspannung mit ei-
ner Messeinheit;
Modulieren (740) einer Antennenimpedanz der
Antenne, um ein Rückstreusignal zu erzeugen,
das die gemessene Versorgungsspannung
über eine Rückstreuung der empfangenen elek-
tromagnetischen Strahlung an eine Leseeinheit
kommuniziert;
Bestimmen einer gewünschten Funktion der
Vorrichtung durch die Leseeinheit, wobei die
Vorrichtung ausgelegt ist, um eine oder mehrere
Funktionen auszuführen, wobei jede der einen
oder mehreren Funktionen eine zugeordnete
Spannungsanforderung aufweist; und
Empfangen einer eingestellten elektromagneti-
schen Strahlung mit der Antenne an der Vorrich-
tung, um eine Versorgungsspannung zum
Durchführen der gewünschten Funktion aus der
einen oder den mehreren Funktionen bereitzu-
stellen.

12. Verfahren nach Anspruch 11, das ferner das Versor-
gen von Komponenten der Vorrichtung mit Leistung
durch die Versorgungsspannung umfasst, die durch
die eingestellte elektromagnetische Strahlung be-
reitgestellt wird.

13. Verfahren nach Anspruch 11, das ferner das Bestim-
men einer Spannungsanforderungsschwelle basie-
rend auf der gewünschten Funktion umfasst.

14. Verfahren nach Anspruch 11, wobei die Antenne auf
einer am Auge anbringbaren Vorrichtung angeord-
net ist.

15. Verfahren, das durch eine Lesevorrichtung (180)
ausgeführt wird, wobei das Verfahren Folgendes
umfasst:

mit einer Antenne (188) der Lesevorrichtung:

Übertragen von elektromagnetischer Strah-
lung mit einem Leistungspegel;
Empfangen von elektromagnetischer Rück-
streustrahlung, die aus der übertragenen
elektromagnetischen Strahlung resultiert,
und Ausgeben eines Spannungsangabesi-
gnals basierend auf der elektromagneti-
schen Rückstreustrahlung;

mit einer Steuereinheit der Lesevorrichtung:

Analysieren des Spannungsangabesig-
nals, um eine Spannung der Vorrichtung
(210) zu bestimmen, die die elektromagne-
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tische Rückstreustrahlung verursacht hat;
Bestimmen einer gewünschten Funktion
der Vorrichtung;
Bestimmen einer Spannungsanforderung
für die Vorrichtung basierend auf einer
Spannungsanforderung, die der gewünsch-
ten Funktion der Vorrichtung zugeordnet ist;
und
responsives Einstellen des Leistungspe-
gels basierend auf der Spannungsanforde-
rung für die Vorrichtung.

Revendications

1. Système (100, 300) comprenant un appareil (210)
et un lecteur (180), l’appareil comprenant :

une antenne (312) configurée pour :

recevoir un rayonnement électromagnéti-
que (341) à partir du lecteur afin de former
un signal d’alimentation, et
émettre un signal de rétrodiffusion (343) sur
la base du rayonnement électromagnétique
reçu ;

un redresseur (314) configuré pour redresser le
signal d’alimentation en une tension
d’alimentation ;
une unité de mesure (321) configurée pour me-
surer la tension d’alimentation ; et
une unité de commande (324) configurée pour
communiquer la tension d’alimentation mesu-
rée au lecteur via la rétrodiffusion du rayonne-
ment électromagnétique reçu, dans lequel le si-
gnal de rétrodiffusion est créé par une modula-
tion de l’impédance d’antenne ;
dans lequel l’appareil est configuré pour exécu-
ter une ou plusieurs fonctions, chacune des une
ou plusieurs fonctions ayant une exigence de
tension associée ;
dans lequel le lecteur est configuré pour déter-
miner une fonction souhaitée de l’appareil à par-
tir des une ou plusieurs fonctions et ;
dans lequel l’antenne est configurée pour rece-
voir un rayonnement électromagnétique ajusté
à partir du lecteur afin de fournir une tension
d’alimentation pour exécuter la fonction souhai-
tée des une ou plusieurs fonctions.

2. Système selon la revendication 1, dans lequel la ten-
sion d’alimentation fournit de la puissance aux com-
posants de l’appareil.

3. Système selon la revendication 1, dans lequel l’unité
de commande est en outre configurée pour détermi-
ner un seuil d’exigence de tension.

4. Système selon la revendication 3, dans lequel le
seuil d’exigence de tension est basé sur une fonction
exécutée par l’appareil.

5. Système selon la revendication 1, dans lequel le
rayonnement électromagnétique ajusté est basé sur
une exigence de fonctionnalité de l’appareil.

6. Système selon la revendication 1, dans lequel l’ap-
pareil comprend un dispositif pouvant être monté sur
les yeux.

7. Appareil de lecture (180) comprenant :
une antenne (188) configurée pour :

transmettre un rayonnement électromagnétique
avec un niveau de puissance, et
recevoir un rayonnement électromagnétique de
rétrodiffusion résultant du rayonnement électro-
magnétique transmis et délivrer en sortie un si-
gnal d’indication de tension basé sur le rayon-
nement électromagnétique de rétrodiffusion ;
une unité de commande configurée pour :

analyser (626) le signal d’indication de ten-
sion pour déterminer une tension d’un dis-
positif (210) qui a provoqué le rayonnement
électromagnétique de rétrodiffusion ;
déterminer une fonction souhaitée de
l’appareil ;
déterminer (628) une exigence de tension
pour le dispositif sur la base d’une exigence
de tension associée à la fonction souhaitée
du dispositif ; et
ajuster en réponse le niveau de puissance
en fonction de la tension requise pour l’ap-
pareil.

8. Appareil de lecture selon la revendication 7, dans
lequel l’unité de commande détermine l’exigence de
tension sur la base de l’un quelconque :

d’une exigence de tension de seuil pour le dis-
positif, et
d’une fonction que l’appareil exécutera.

9. Appareil de lecture selon la revendication 7, dans
lequel l’unité de commande est en outre configurée
pour :

ajuster en réponse le niveau de puissance en
fonction à la fois de l’exigence de tension et
d’une consommation de puissance de l’appareil
de lecture, ou
augmenter en réponse le niveau de puissance
sur la base d’une non-réception de rétrodiffu-
sion, ou
augmenter en réponse le niveau de puissance
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sur la base de l’analyse du signal d’indication
de tension afin de déterminer que la tension du
dispositif n’est pas suffisamment élevée pour
une alimentation électrique une unité d’alimen-
tation électrique du dispositif.

10. Appareil de lecture selon la revendication 7, com-
prenant en outre un haut-parleur, dans lequel le
haut-parleur est configuré pour délivrer en sortie un
son basé sur le signal d’indication de tension.

11. Procédé (700) comprenant les étapes consistant à :

recevoir (710), au niveau d’un appareil, un
rayonnement électromagnétique avec une an-
tenne pour former un signal d’alimentation ;
redresser (720) le signal d’alimentation en une
tension d’alimentation ;
mesurer (730) la tension d’alimentation à l’aide
d’une unité de mesure ;
moduler (740) une impédance d’antenne de
l’antenne afin de créer un signal de rétrodiffusion
qui communique la tension d’alimentation me-
surée via une rétrodiffusion du rayonnement
électromagnétique reçu vers un lecteur ;
déterminer, par l’intermédiaire du lecteur, une
fonction souhaitée de l’appareil, dans lequel
l’appareil est configuré pour exécuter une ou
plusieurs fonctions, chacune des une ou plu-
sieurs fonctions ayant une exigence de tension
associée ; et
recevoir, au niveau de l’appareil, un rayonne-
ment électromagnétique ajusté à l’aide de l’an-
tenne pour fournir une tension d’alimentation
pour exécuter la fonction souhaitée des une ou
plusieurs fonctions.

12. Procédé selon la revendication 11, comprenant en
outre l’alimentation électrique des composants de
l’appareil avec la tension d’alimentation fournie par
le rayonnement électromagnétique ajusté.

13. Procédé selon la revendication 11, comprenant en
outre la détermination d’un seuil d’exigence de ten-
sion sur la base de la fonction souhaitée.

14. Procédé selon la revendication 11, dans lequel l’an-
tenne est disposée sur un dispositif pouvant être
monté sur les yeux.

15. Procédé exécuté par un appareil de lecture (180), le
procédé comprenant les étapes consistant à :

à l’aide d’une antenne (188) de l’appareil de
lecture :

transmettre un rayonnement électroma-
gnétique avec un niveau de puissance ;

recevoir un rayonnement électromagnéti-
que de rétrodiffusion résultant du rayonne-
ment électromagnétique transmis, et déli-
vrer en sortie un signal d’indication de ten-
sion basé sur le rayonnement électroma-
gnétique de rétrodiffusion ;

à l’aide d’une unité de commande de l’appareil
de lecture :

analyser le signal d’indication de tension
pour déterminer une tension d’un dispositif
(210) qui a provoqué le rayonnement élec-
tromagnétique de rétrodiffusion ;
déterminer une fonction souhaitée du
dispositif ;
déterminer une exigence de tension pour le
dispositif sur la base d’une exigence de ten-
sion associée à la fonction souhaitée du
dispositif ; et
ajuster en réponse le niveau de puissance
sur la base de l’exigence tension pour l’ap-
pareil.

33 34 



EP 3 090 388 B1

19



EP 3 090 388 B1

20



EP 3 090 388 B1

21



EP 3 090 388 B1

22



EP 3 090 388 B1

23



EP 3 090 388 B1

24



EP 3 090 388 B1

25



EP 3 090 388 B1

26



EP 3 090 388 B1

27

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• US 20080136646 A1 [0003]
• EP 2328254 A2 [0004]

• US 20120245444 A1 [0005]


	bibliography
	description
	claims
	drawings
	cited references

