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(57) Abstract: The invention relates to an RFID electronic tag (100) comprising: -an RFID microchip (120) for receiving informa-
tion included in an electromagnetic radiation, -a processing unit (150) for processing said information, -display means(160) for dis-
playing said processed information; -a RF antenna (110) coupled to said RFID microchip and to an energy harvester (130) deemed
O to collect energy from electromagnetic radiation and to provide energy at least to said processing unit and said display means,and -a
means for fixing said tag to an object.
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RFID ELECTRONIC TAG

TECHNICAL FIELD OF THE INVENTION

The present invention relates to RFID electronic tags.
These tags can be implemented within the framework of
the registration and the traceability of objects within

an air, sea or land transport network.

PRIOR ART

These RFID electronic tags are classically powered
remotely by an electromagnetic field at ISM frequencies
which are 13560 kHz and 866-867 MHz in Europe, 902-928
MHz in the USA.

RFID components do not possess any power supply of
their own and recover the energy required for their
operation via the communication electromagnetic field
at the most appropriate ISM frequency, depending on the

desired communication distance.

In NFC (Near Field Communication) applications, the
frequency at 13 560 kHz allows having communication
distances of a few tens of centimeters and makes it
possible to easily recover additional energy to power
ancillary circuits like a e-Ink type bistable screen, a
microcontroller or a D/A (Analog/Digital) converter.
The production of a voltage comprised between 2V and 5
V with an available current of several milliamperes is
easily achieved with a simple diode-based full-wave

rectifier.

In RFID using the UHF band (Far Field Communication),

the difficulty in recovering energy in propagation mode
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limits the applications to the simplest such as
temperature measurement. The UHF voltage rectifier of
the tag harvests at best only 10 to 50 mV and must use
systems of charge pumps with a high number of stages in
order to be able to recover a voltage at a level
sufficient to power microcontrollers at low voltage
i.e. 0.9 V for Texas Instruments and more commonly 1.8
V for the other manufacturers like STM and Microchip.
This greatly limits the number of operations per second

that can be performed by the microcontroller.

The state of the art includes document WO0201193780A1
which describes a luggage tagging electronic device to
be used for transport, comprising at least one
communication interface unit for transmitting
electromagnetic radiation, a processing unit for
processing or transmitting information included in the
electromagnetic radiation, a storage device for storing
the processed or unprocessed information, the storage
device comprising first and second sets of computer-
executable instructions for controlling the
communication and the basic operations of the luggage
tagging electronic device, the luggage tagging device
furthermore comprising: a first unit for presenting
information and optiocnally a second unit for presenting
information, a first field for presenting information
and a second field for presenting information, the
first presentation field being designed to present
dynamic information, such as itinerary information, in
such a way that the information can be updated
electronically by way of a communication authorized for
the luggage tagging device, and the second fields for

presenting static information only. A major drawback of
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such a device is that it is not optimized for operation

without a built-in battery

Also known is the document US2008/0111675 which
pertains to RFID elements that may be passive RFID
elements, and whose observable properties may be
visible changes which require only very little power to
generate them, and very little - or indeed no - power
to maintain them. The visible information can comprise
information relating to articles tracked by means of
the RFID elements such as forwarding information.
Certain embodiments comprise passive RFID elements
which use a single antenna to power an integrated
circuit microchip and a visual identification element.
Certain embodiments comprise methods for locating the
interrogated RFID elements. Certain embodiments

comprise methods for tracking articles.

This state of the art describes a system for tracing
objects wvia passive RFID tags connected to screens not
requiring a continuous power supply. But two distinct
groups of RFID interrogators are required in order to
be able to modify two separately displayed distinct
properties. Moreover no mention is made regarding the
precise implementation of the energy collection system
whatever the position and the composition of the
object. Systems for remote ©powering at operating
distances of a few centimeters for example on the basis
of NFC applications are known from the prior art. Such
systems are implemented in the logistics, for example
for the management of plastics trays in mail sorting

centers. In such systems, a RFID e-ink tag can be
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placed on the edge of the tray and programmed on the
fly.

The major drawback of RFID and NFC at high frequency is
the short distance of communication and of remote

powering, which is lower than 60 cm.

DISCLOSURE OF THE INVENTION

The problem solved by the present invention is to find
an efficient means for collecting RFID energy at UHF
frequencies, thus permitting to perform more complex
auxiliary tasks than the simple reading of a unigue

identifier or data in a nonvolatile memory.

The solution afforded by the invention consists in
widening the spectrum of the ambient radio frequencies
that can be rectified and stored in the RFID electronic
tag in an opportunistic manner by using GSM and/or Wi-
Fi and/or Bluetooth waves within the close environment
of the device, such an environment being typically the
environment encountered in an industrial and commercial
setting. It permits to harvest more energy which is

stored in a high-value capacitor.

Another point is that the materials from which objects
like items of luggage are manufactured make them to be
objects that are highly perturbing for Radio Frequency
(hereinafter RF) standpoint: they are often made of

metal or of an absorbent material.

So another aim of the invention is to make it possible
to separate the electrical antenna of the tag from the

metallic parts of the luggage such that the antenna of
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the electronic tag is disturbed as 1little as possible

by the materials of the object.

The fixing means attaching the tag to the object is
fixed on the object can be designed to include the RF
antenna. More specifically, the cord of the tag
attaching it to the object can be exploited to form an
efficient radiating wire, distancing the tag from
metallic parts of the object. It also can be used to
separate the antenna from the metallic parts of the
object since, in the luggage application, it is tied on
a non metallic part of the object (to the plastic
handle of the luggage). The tag is thus less disturbed
by the material of the object.

Another way to separate the antenna from the object is

to use a thick packaging for the tag.

Another way i1s to use a semi rigid cord of spring type.

Thus the electronic tag according to the invention is
capable of operate and communicate at distances of
several meters and to do so whatever the orientation of

the tag.

More gpecifically, the invention relates to an RFID
electronic tag comprising:

- an RFID microchip for receiving information
included in an electromagnetic radiation,

- a processing unit for processing said
information,

- display means for displaying said processed

information:;
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- a RF antenna coupled to said RFID microchip and
to an energy harvester deemed to collect energy from
electromagnetic radiation and to provide energy at
least to said processing unit and said display means,
and

- a means for fixing said tag to an object.

According to particular embodiments:

- the energy harvester is the RFID microchip;

- the energy harvester is a non radiofrequency energy
harvester, for example a harvester collecting solar
energy or vibration;

- the fixing means is a cord for retaining the tag, the
RF antenna being an electrical wire inside or on the
cord;

- the fixing means is a conductive cord;

- the tag is included within a thick dielectric package
in order to move away the RF antenna from the object,
said package comprising said fixing means;

- the package of the tag is made of material having a
dielectric constant comprised between 1 and 5 and
tand<1/1000;

- the cord is semi rigid and of spring type allowing
the antenna to be routinely distanced from said object;
- the display means is an electronic paper display;

- the object is an item of luggage;

- the tag comprises physical measurement sensors for:
temperature, time, humidity, mechanical stress

undergone.

This solution adds value-enhancing functionalities to a
simple RFID tag replacing a disposable barcode which is

used just once for the tracing of objects.
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The electronic tag of the invention can be a personal
tag for freguent travelers on certain 1lines. The
traveler ties RFID tags and then deposits their luggage
in a dedicated self-service deposit counter for fast

boarding.

DESCRIPTION OF THE FIGURES

Other advantages and characteristics of the invention
will be more apparent on reading the description of a
preferred embodiment which follows, with reference to
Figure 1, effected by way of indicative and non
limiting example:

- Fig.l shows the electrical scheme of a first
embodiment of the tag according to the invention;

- Fig.2 shows the electrical scheme of a second
embodiment of the tag according to the invention;

- Fig.3 shows the electrical scheme of a third
embodiment of the tag according to the invention;

- Fig.4 shows a first tag according to the invention;

- Fig.b shows the tag of Fig.5 attached to the handle
of a luggage; and

- Fig.6 shows a second tag according to the invention.

EMBODIMENTS OF THE INVENTION
Various embodiments of the RFID electronic tag of the

invention are presented hereinafter.

According to Fig.l, the RFID electronic tag 100
comprises a radiofrequency antenna 110 coupled to a
RFID microchip 120 and an energy harvester 130. More
specifically, the RF antenna is an electrical dipole

which is coupled to the magnetic antenna of the RFID
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microchip 120. The magnetic antenna of the chip 1is
magnetic loop 121 connected to the integrated circuit

122 of the RFID microchip.

The RF antenna 110 is also connected to the energy
harvester 130 to collect energy from electromagnetic

radiation.

So the RF antenna 110 1is wused to 1improve the
communication with the RFID microchip and to collect

energy via the energy harvester.

Said RF antenna is able to operate whatever its
orientation. It allows the capture of the field
whatever the orientation of the tag on an object or the

container of a product.

Advantageously, the energy harvester 130 1is equipped
with a storage capacitor 140 to store the harvested
energy. The energy harvester is for example a diode-

based full-wave rectifier.

It can also be a non radiofrequency energy harvester.
It can be a harvester collecting solar energy or

vibration energy or thermocouple energy.

The energy harvester 130 provides energy to a
processing unit 150 via the storage capacitor 130. The
integrated circuit 122 of the RFID microchip 1is
connected to the processing unit 150. This unit is a

low power microcontroller.
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The role of this microcontroller 1is to process
information coming from the RFID microchip and to

manage the components of the tag.

This microcontroller supplies information to be
displayed to a display means 160. It also converts the
low voltage coming from the energy harvester 130 into a

higher voltage.

The voltage outputted by the energy harvester is for
example comprised between 1,8 volts and 2,3 volts. The
microcontroller converts it into a voltage of about 15

volts by means pump charge stages.

The display means is advantageously of electronic paper
display/screen type (E-paper display) or any other
bistable display not requiring input of energy unless

there is a change of visual state.

The tag operates in radio bands of ISM (Industrial
Scientific and Medical) frequencies, for example at 868
MHz in Europe, at 902-928 MHz in the United States and
at 940 MHz in Japan. It depends on the size of the RF
antenna determines the operating band of the tag. Other
radio bands can be envisaged by modifying the size of
the RF antenna. The ISM band 433-435 MHz could also be

envisaged for tags having a bigger antenna.

The Figs.2 and 3 show variants of the scheme of Fig.l.

In Fig.2, the energy harvester a RFID microchip 130’

which is used only for collecting energy.



WO 2014/013439 PCT/IB2013/055851

10

15

20

25

30

-10-

In Fig.3, the RFID microchip 120 is used to collect
energy and to collect information from the

electromagnetic radiation.

According to the invention, the RFID electronic tag
also comprises fixing means of the retaining cord type
for fixing the tag to the object and more specifically
to the handle of the luggage.

Advantageously, the RF antenna 110 is coupled to the
fixing means and is arranged with the fixing means in
order to move away the RF antenna from metallic parts
of the object. Thus, the RF antenna will be less

disturbed by these metallic parts.

According to a first embodiment, the fixing means is a
cord and the RF antenna is an electrical wire placed
inside or on the cord. So the fixing means can act as a
RF antenna. In the luggage sector, luggage tagging
electronic devices 1s attached to the handle of the
luggage by way of a cord. So this cord is attached to a
non-metallic part of the luggage.

In this application, the RF antenna is thus separated
naturally from the metallic parts of luggage since it
is present near the handle of the 1luggage which 1is
usually a non-metallic part. So the RF antenna is not

disturbed by the metallic part of the object.

The RF antenna 110 is a coupled to the magnetic antenna

121 of the RFID microchip.
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This embodiment is illustrated by Fig.4. It shows a tag
200 comprising displays means 260 displaying departure
information, destination information and a bar code.
This tag is equipped with a cordon 270 wherein the RF
antenna is present. Fig.5 shows this tag attached to a

luggage. The cord is attached around the handle of the

luggage.

In a variant illustrated by Fig.6, the tag 300 is
included in a thick dielectric packaging 380 with low
losses at the radio frequencies. It permits to move
away the RF antenna of the tag from the object from at
least half of the thickness of the packaging. This
embodiment makes it possible to ally robustness and
enhanced protection of the electronics which may be
mishandled in the air transport chain. Increasing the
distance between the RF antenna of the tag and the
metallic parts of the object permits to minimize the
mistuning of the antenna and thus to maintain
sufficient electric field collection to communicate and

remotely power the RFID tag.

This package comprises at least a clamp 381 to fix the

tag on the handle of the item of luggage.

Of course, the RF antenna 110 can be distinct from the

fixing means.

Some simulation results are now presented for different

embodiments of the invention.

In a first embodiment called V1, the tag comprises two

RFID chips (EM4325), one for RFID communication and one
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for energy harvesting, coupled to an electrical dipole
acting as an RF antenna. It corresponds to the

architecture of Fig.2.

The first EM4325 chip is configured to as a salve mode
handling SPI (Serial Peripheral Interface) and the
second EM4325 chip is configured to generate 2 volts

DC.

The simulations are made for a load of 39 k€, a load

of 18 k and for a connection to an ePaper display

prototype.
39k load 18k load Connected to
ePaper display
Harvested power (UW) 102 222 32-56
Range (cm) 90 60 60
Overall efficiency 3% 3% NA

In a second embodiment, the tag comprises only one
EM4325 <chip for RFID communication and a specific
circuit for energy harvesting. This configuration
corresponds basically to the architecture of Fig.l. The
EM4325 chip is coupled to an electrical dipole acting
as a RF antenna. The EM4325 chip is configured to be a
SPI master and the display means 1is the slave. The
energy harvester is a wide band Powercast chip P2110.
It can collect energy in the frequency band 400 MHz to
2 450 MHz (WiFi, Bluetooth, GSM).

The E-paper display is disconnected by the EM4325 chip
when it 1is possible to keep high sensitivity on the

RFID read.
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The tag is controlled to stay 10-20 seconds in the RF
field before starting the RFID operations in order to

have enough time to load the storage capacitor
With this configuration, a range higher than 100
centimeters for RFID and display activation seems

possible.

This configuration gives the following results:

EIRP | Load | Voltage | Harvested | Chip | Total RF | Range | efficiency
(W) Q) (V) Power | Power | Power | Power | (cm)

W) | (W) | (W) | (W)

4 12000 3,3 908 32 939 | 7205 60 13%
4 | 39000 3,3 279 32 311 1153 | 150 27%
4 1120000 | 33 N 32 122 801 180 15%
4 1120000 | 33 N 100 191 648 200 29%

With this architecture, at 2 meters, the EM4325 can be
written when the received power is at least -10 dBm,
meaning 91 mW and the energy harvester harvests 3.3

Volts on a resistor of 120 kOhms, meaning 100 mW.

The wuse of two distinct chips, one for RFID
communication with a standard chip and a second one
dedicated to the collection of energy of the ISM gives
better results. These two chips are coupled to a RF

antenna tuned to the main ISM frequency.

The invention can be implemented within the framework
of luggage tracing with automatic airport check-in. An
X-ray sensor 1s then associated so as to verify transit
through check-in. Thus, it will be possible to have an

automatic check-in of luggage Dby remotely powered
electronic tag communicating by  RFID. In this

application, the display means 1is advantageously a
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bistable screen to display information linked to the

luggage.

In a variant, the tag comprises a second antenna for
collecting RF energy from any ISM Band (27 MHz, 433
MHZ, 940-960 MHz, 2,45GHz, 5,8 GHz). The design of this
second antenna is optimized to capture any one of these

frequencies.

In another application, the tag comprises physical
measurement sensors for measuring temperature, time,
humidity, mechanical stress undergone, etc. These
sensors give for example information like temperature,
time elapsed or maturity to verify the quality of a

perishable or sensitive product such as fresh foods.



WO 2014/013439 PCT/IB2013/055851

10

15

20

25

30

-15-

Claims

1. An RFID electronic tag (100) comprising:

- an RFID microchip (120) for receiving information
included in an electromagnetic radiation,

- a processing unit (150) for processing said
information,

- display means (160) for displaying said processed
information;

- a RF antenna (110) coupled to said RFID microchip
and to an energy harvester (130) deemed to collect
energy from electromagnetic radiation and to provide
energy at least to said processing unit and said
display means, and

- a means (270) for fixing said tag to an object.

2. Tag according to c¢laim 1, wherein the energy

harvester is the RFID microchip (120).

3. Tag according to claim 1 or 2, wherein it further

comprises a non radiofrequency energy harvester.

4. Tag according to the preceding claims, wherein the
fixing means is a cord (270) for retaining the tag, the

RF antenna being a wire inside the cord.

5. Tag according to the preceding claims, wherein the
tag is included within a thick dielectric package (380)

in order to move away the RF antenna from the object.

6. Tag according to claim 5, wherein the package 1is
made of a material with a dielectric constant comprised

between 1 and 5.
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7. Tag according to the preceding claims, wherein said
cord 1s semi rigid and of spring type allowing the

antenna to be routinely distanced from said object.

8. Tag according to the preceding claims, wherein the

display means (160) is an electronic paper display.

9. Tag according to the preceding claims, wherein said

object is an item of luggage.
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