wo 20107116307 A1 I 0K O OO

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

. TN
1 rld Intellectual Property Organization /) -sady
(9 World Intclectuat Poperty Organization. /85| MR AU RO RO
International Bureau S,/ )
3\ 10) International Publication Number
(43) International Publication Date \'{:/_?___/ (10)
14 October 2010 (14.10.2010) PCT WO 2010/116307 Al
(51) International Patent Classification: AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
GO6K 19/07 (2006.01) CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
. .. DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(21) International Application Number: HN. HR. HU. ID. IL. IN. IS, JP. KE. KG. KM. KN. KP
PCT/IB2010/051437 KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
(22) International Filing Date: ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
1 April 2010 (01.04.2010) NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
. . SE, 8@, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
(25) Filing Language: English TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(26) Publication Language: English  (84) Designated States (unless otherwise indicated, for every
(30) Priority Data: kind of regional protection available): ARIPO (BW, GH,
09157553.0 7 April 2009 (07.04.2009) EP GM, KE, LR, LS, MW, MZ, NA, SD, SL, 87, TZ, UG,
ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
(71) Applicant (for all designated States except US): NXP TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
B.V. [NL/NL]; High Tech Campus 60, NL-5656 AG ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
Eindhoven (NL). MC, MK, MT, NL, NO, PL, PT, RO, SE, SL SK, SM,
. TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
(72) Inventor; and ML, MR, NE, SN, TD, TG)
(75) Inventor/Applicant (for US only): SALFELNER, Anton ? P ’
[AT/AT]; c¢/o NXP Semiconductors, Betchworth House Declarations under Rule 4.17:
57-65 Station Road, Redhill Surrey RH1 1DL (GB). . , .
— as to applicant’s entitlement to apply for and be granted
(74) Agent: WILLIAMSON, Paul, L.; c/o NXP Semiconduc- a patent (Rule 4.17(i1))
tors, Betchworth House, 57-65 Station Road, Redhill Sur- Published:
rey RHI 1DL (GB). ublished:
— ith int ti [ h t (Art. 21(3
(81) Designated States (unless otherwise indicated, for every with international search report (Ar ()

kind of national protection available): AE, AG, AL, AM,

(54) Title: RFID DEVICE BEING OPERABLE IN A FIRST AND A SECOND OPERATING STATE

100

/_/

101

102

Fig. 1

(57) Abstract: An RFID device (100) being operable in a first and a second operating state, the RFID device comprises a control
unit (102), wherein the control unit comprises a contiguration input terminal for receiving a configuration signal, and a processing
unit (101), which is coupled to the control unit, wherein the control unit is adapted for switching the processing unit between the
first and the second operating state based on the configuration signal, wherein the control unit (102) comprises an activation input
terminal for receiving an activation signal.



10

15

20

25

30

WO 2010/116307 PCT/IB2010/051437

Description:

RFID device being operable in a first and a second operating state

FIELD OF THE INVENTION

The invention relates to an RFID device being operable in a first and a sec-
ond operating state.

Beyond this, the invention relates to a method of operating an RFID device
being in a first and a second operating state.

Moreover, the invention relates to a program element.

Furthermore, the invention relates to a computer-readable medium.

BACKGROUND OF THE INVENTION

The importance of automatic identification systems increases particularly in
the service sector, in the field of logistics, in the field of commerce and in the field
of industrial production. Further applications of identification systems are related
to the identification of persons and animals.

In particular contactless identification systems like transponder systems
(for instance using an RFID tag) are suitable for a wireless transmission of data in
a fast manner and without cable connections that may be disturbing. Such sys-
tems use the emission and reflection/absorption of electromagnetic waves, par-
ticularly in the high frequency domain.

For certain RFID applications, it may be required to realize two different
power-modes with an RFID integrated circuit (IC). A Low Power Mode may be
used requiring low current consumption of the IC. Hence, high read-ranges of the
RFID-Tag may be possible. A High Power Mode may be used for applications,
where an extended functionality of the IC is required, resulting in an increased

current consumption of the IC. There may be two reasons for that. First, the IC it-
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self consumes more current due to extended functionality in the digital or analog
part. Second, the IC is supplying current to an externally connected load, another
IC or something else, like an actuator. Currently existing tag-designs only have a
certain setting of center-frequency, frequency response, bandwidth and quality-
factor. Hence the RFID-Tag only has a certain application specific performance
depending on these parameters and it is not possible for the tag to react on spe-
cific needs of the application like close coupled tags or tags on different types of
materials.

US 2005/024187 discloses a radio frequency (RF) communication device
comprising means for switching between a low current operating mode and a high
current operating mode. The low current operating mode is optimized to conserve
power while the RF device is awaiting a wake-up signal from an interrogator. The
high current operating mode is optimized to provide antenna matching during
backscatter communications so as to maximize the range of backscatter commu-
nication between the RF device and the interrogator.

US 2008/136643 discloses an apparatus receiving a radio frequency (RF)
signal transmitted from a Radio Frequency ldentification (RFID) reader. The appa-
ratus measures the strength of the received RF signal, and controls the power
supplied from the power supply unit included in the tag or the power excited by
the RF signal to be supplied to the tag according to whether the power excited by
the received RF signal exceeds a level necessary to operate the tag based on the
measured strength of the RF signal.

US 2008/311861 discloses a transponder comprising a capacitor for storing
power transmitted via an air interface and an arithmetic logic unit that can be sup-
plied with the stored power. A capacitor voltage of the capacitor is compared with
a first threshold and with a second threshold, whereby the first threshold and the
second threshold are different. In a first operating mode, when the capacitor volt-
age is above the first threshold, the arithmetic logic unit performs a number of rou-
tines with a different priority. In a second operating mode, when the capacitor volt-
age is between the first threshold and the second threshold, a number of low-

priority routines are stopped and a number of high-priority routines are continued.
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OBJECT AND SUMMARY OF THE INVENTION

It is an object of the invention to provide an RFID device being operable in a
first and a second operating state integrating both power-modes into a single RFID device
and still maintaining an optimized efficiency of the RFID device for both power modes.

In order to achieve the object defined above, an RFID device being
operable in a first and a second operating state, a method of operating an RFID
device in a first and a second operating state, a program element and a computer-
readable medium according to the independent claims are provided.

According to an exemplary embodiment of the invention, an RFID device
being operable in a first and a second operating state is provided, wherein the
RFID device comprises a control unit, wherein the control unit comprises a
configuration input terminal for receiving a configuration signal, and a processing
unit, which is coupled to the control unit, wherein the control unit is adapted for
switching the processing unit between the first and the second operating state
based on the configuration signal.

According to another exemplary embodiment of the invention, a method for
operating an RFID device in a first and a second operating state is provided. The
method may comprise receiving a configuration signal at a configuration input
terminal of a control unit, and switching a processing unit, which is coupled to the
control unit, between the first and the second operating state based on the
configuration signal.

According to still another exemplary embodiment of the invention, a
program element (for instance a software routine, in source code or in executable
code) is provided, which, when being executed by a processor, is adapted to
control or carry out an operating method having the above mentioned features.

According to yet another exemplary embodiment of the invention, a
computer-readable medium (for instance a semiconductor memory, a CD, a DVD,
a USB stick, a floppy disk or a hard disk) is provided, in which a computer
program is stored which, when being executed by a processor, is adapted to
control or carry out an operating method having the above mentioned features.

Operating an RFID device in a first and a second operating state which

may be performed according to embodiments of the invention can be realized by a
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computer program that is by software, or by using one or more special electronic
optimization circuits, that is in hardware, or in hybrid form, that is by means of
software components and hardware components.

The term “RFID device” may denote a transponder adapted for wireless
communication. More generally, an RFID device may be a device (for instance
comprising a chip) which may automatically transmit certain (for example
encoded) data when activated by a special signal from an interrogator. Such an
RFID device may be adapted for communication with a communication partner
device such as a reader device. The term “reader device” may denote a base
station adapted for sending an electromagnetic radiation beam for reading out an
RFID device and detecting a back reflected signal. Such a reader device may be
an RFID reader, for instance.

The term “control unit” may denote any kind of unit which may change its
configuration. It may be for example a frontend block. The control unit as well as
the geometric positions of feedpoints may be designed in order to satisfy specific
electric requirements. The control unit may configure itself to influence the
behavior of the overall system to operate in the first or the second operating state.
For this purpose, the control unit may comprise a configuration input terminal for
receiving a configuration signal which is indicative of a configuration for the first or
the second operating state.

The term “processing unit” may denote an integrated circuit for storing and
processing information, modulating and demodulating a radio frequency signal
and other specialized functions. The processing unit may be coupled to the
control unit. The processing unit may be an integrated circuit (IC). The IC may
comprise an analog and a digital part.

The control unit may be adapted for switching the processing unit between
the first and the second operating state based on the configuration signal. When
the processing unit is switched between the two operating states, the complete
RFID device may be switched between the two operating states. Therefore, the
control unit may for example influence a setting of center-frequency, a frequency
response, a bandwidth and a quality-factor. Hence the RFID tag or device may

have a plurality of application specific performance depending on these
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parameters and may therefore react on specific needs of the application like close
coupled tags or tags on different types of materials.

The term “close coupled tags“ may denote that there is a plurality of tags
directly about one another, for example ten tags. By using common technologies,
these tags would be inoperative as all tags would like to start in a high power
mode and the available energy would not be sufficient for all tags. This may be
improved by using a default low power mode for tags, i.e. that all tags may be
started in the low power mode. Hence, all tags may be operable even though they
may be in a restricted mode. Following the starting, one tag may be chosen by a
random process to switch to a high power mode in order to be readout. The
chosen tag may switch to the high power mode while all other tags may remain in
the low power mode. Therefore, the available energy may be sufficient for all tags,
especially for the tag in the high power mode. After a successful transaction, the
chosen tag may switch again to the low power mode and another tag may be
chosen to switch to high power mode.

The term “tags on different types of materials” may denote that a tag may
have not enough energy available as the tag be mounted on a material which
affects negatively the absorption of energy by the tag for example by a modified
resonance frequency. According to the example mentioned above, the tag may
start in a low power mode. Subsequently, the tag or the control unit of the tag may
optimize the operating parameter, for example fine adjusting or configuration of
the resonance frequency. Then, the tag may switch to the high power mode as
more energy is now available.

The processing unit and the control unit may also be realized in one single
unit (for instance as a single electronic chip) or the processing unit may be part of
the control unit, or vice versa. The processing unit and the control unit may be
monolithically integrated in an integrated circuit (IC). Hence, embodiments of the
invention may allow saving time and energy during performance of operating an
RFID device even when being used on space restricted platforms.

In the following, further exemplary embodiments of the device will be
explained. However, these embodiments also apply to the method, to the program

element and to the computer-readable medium.
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The control unit may be adapted for switching the RFID device between a
low-power mode and a high power mode. A low-power mode may denote low
current consumption of the processing unit or IC. Hence high read-ranges of the
RFID device or RFID tag may be possible. A high power mode may denote a
mode in which applications may be executed wherein an extended functionality of
the IC is required, resulting in an increased current consumption of the IC. This
may be the case if the IC itself consumes more current due to extended
functionality in the digital or analog part. This may also be the case if the IC is
supplying current to an externally connected load, for example another IC or any
other device like an actuator.

The configuration signal may be an external configuration signal. This
configuration signal may be received for example by an antenna from an external
source like a reading device. It may also be send by the processing unit to the
control unit. Further, the configuration signal may be received by an antenna and
subsequently converted and/or handled by the processing unit in order to
generate a signal, which may be received by the control unit.

The configuration signal may be determined based on a random process.
The random process may be performed for example in the processing unit and
subsequently the configuration signal may be sent to the control unit.

The control unit may comprise an activation input terminal for receiving an
activation signal. The activation signal may be sent from the processing unit to the
control unit or may be received from an external source via an antenna. The
activation signal may cause the control unit to activate or deactivate itself.

The RFID device may comprise a further control unit, wherein the further
control unit comprises a further configuration input terminal for receiving a further
configuration signal, wherein the further control unit is coupled to the processing
unit, and wherein the further control unit is adapted for switching the processing
unit between the first and the second operating state based on the further
configuration signal.

The device may comprise two or more different control units or frontends.
The different control units or frontend blocks itself as well as the geometric

positions of feedpoints may be designed differently in order to satisfy specific
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electric requirements. Each frontend block may be equipped with a separate
activation input terminal in order to make it possible to switch each frontend block
on or off separately. Furthermore each frontend block or control unit may receive
a configuration signal. Through specific choice of a configuration set, that means
frontends switched on or off, choosing different feedpoints, configuration of
frontend blocks, different tuning or power-modes, the behavior of the overall
system can be influenced so that different operating states may be realized with
one RFID device with one processing unit.

The configuration signal and the further configuration signal may be
providable by an antenna element. The antenna element may be for example a
shorted dipole antenna or any other kind of standard antenna.

The configuration signal may be receivable from a feedpoint of the antenna
element and the further configuration signal may be receivable from a further
feedpoint of the antenna element. By using different feedpoints it may be realized
that the control units receive different configuration signals at different times.
Further, different configurations may be realized for the different control units.

The device may be adapted for wireless communication with a
communication partner device, particularly a reading device, for reading data from
the device. For this purpose, the device and the reading device may comprise
corresponding transmission elements. For instance, the device may comprise an
antenna, wherein the reading device may comprise a corresponding receiving
antenna. However, the inventive device is not limited to wireless or contactless
data transmission, but in principle also applies to wired communication.

In the following, further exemplary embodiments of the method will be
explained. However, these embodiments also apply to the device, to the program
element and to the computer-readable medium.

The method may further comprise modifying a configuration of the control
unit based on the configuration signal. Thus, one control unit may be used for
different operating states by modifying the configuration for example including
tuning modes.

The method may further comprise activating the control unit in the first

operating state and deactivating a further control unit in the first operating state.
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Thus, each control unit may be used for a different operating state. The control
unit and the further control unit may be adapted so that each control unit has a
configuration for a specific operating state. By activating the control unit and
deactivating the further control unit, the first operating state, for example a low
power mode, may be started.

The method may further comprise activating the further control unit in the
second operating state and deactivating the control unit in the second operating
state. Thus, a second operating state may be started, for example a high power
mode.

The aspects defined above and further aspects of the invention are
apparent from the examples of embodiment to be described hereinafter and are

explained with reference to these examples of embodiment.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be described in more detail hereinafter with reference to
examples of embodiment but to which the invention is not limited.

Fig. 1 illustrates an RFID device being operable in a first and a second
operating state according to an exemplary embodiment of the invention.

Fig. 2 illustrates an RFID device being operable in a first and a second
operating state according to a further exemplary embodiment of the invention.

Fig. 3 illustrates a communication system comprising the device of Fig. 1 in
combination with a reading device according to an exemplary embodiment of the

invention.

DESCRIPTION OF EMBODIMENTS

The illustration in the drawing is schematically. In different drawings, similar
or identical elements are provided with the same reference signs.
Fig. 1 illustrates an RFID device 100 being operable in a first and a second

operating state according to an exemplary embodiment of the invention
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The RFID device 100 comprises a processing unit 101 and a control unit
102. The processing unit 101 and the control unit 102 are connected together for
communication. They may also be provided as one single unit or may be
monolithically integrated in an integrated circuit (IC). The control unit 102 may be
a computer hardware component responsible for operating the RFID device 100
and the processing unit 101 in two operating states.

The control unit 102 comprises a configuration input terminal for receiving
a configuration signal. The configuration signal may be sent internally from the
processing unit 101 or from an external source like a reading device via an
antenna element. The control unit 102 is adapted for switching the processing unit
102 between the first and the second operating state based on the configuration
signal. By switching the processing unit 101 and thereby also the complete RFID
device 100 between the two operating states, especially a low power mode and a
high power mode, the RFID device 100 may be used for different specific
requirements only by configuring the control unit 102 via a configuration signal.

The configuration signal may be an external configuration signal, for
example received from an external source via the antenna element. The
configuration signal may be alternatively determined based on a random process.
This random process may be for example performed in the processing unit 101.
The processing unit 101 may also in another embodiment generate the
configuration signal based on any signals, which may be for example indicative
for environmental requirements.

Fig. 2 illustrates an RFID device 200 being operable in a first and a second
operating state according to a further exemplary embodiment of the invention.
According to this embodiment, the RFID device 200 may be realized with one or
more different control units 202 or frontends. A realization with two frontends 202
is illustrated but also more frontends or control units would be possible. The
control units 202 use a shorted dipole-antenna 203. Alternatively other known
antenna types may be used as well. The frontend blocks 202 itself as well as the
geometric positions of the feedpoints 204, 205 may be designed differently in
order to satisfy specific electric requirements. The RFID device 200 has a

common connection 206 to the antenna element 203. Each frontend block 202 is
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equipped with a separate activation input terminal in order to make it possible to
switch each frontend block or control unit 202 on or off separately. Therefore, an
activation signal may be received. Furthermore each frontend block 202 has a
configuration input terminal for receiving a configuration signal. Through specific
choice of a configuration set, for example frontends switched on/off, choosing
different feedpoints, configuration of frontend blocks, different tuning/power-
modes, the behavior of the overall system can be influenced in a positive way.

One frontend block 202 may be designed as a low power version and the
other frontend block 202 may be designed as a high power version. As an
example, the low power frontend may be a frontend which is loaded by a current
of S5uA on its output. The high power frontend may be loaded by a current of 1mA,
which is several orders of magnitudes higher than for the low power frontend. Due
to the high dynamic range of the requirements, the two frontends or control units
202 are designed completely different.

The high power frontend is switched off during the first activation of the
RFID device or tag in order to keep the loading as small as possible. Due to the
fact that only the low power frontend is switched on, the current loading is low and
hence the operating range of the RFID device 200 is high. In this condition, the
RFID device 200 already has full low power functionality, which would not be
possible with the high power frontend being switched on simultaneously. The
reason for that is not only the current loading of the high power frontend, but also
the bad impedance due to the high power frontend causing significant power
reflections and hence a loss of range of the low power frontend even if the high-
power-frontend does not consume any current yet.

Triggered through an external command the high power mode is activated.
Alternatively, the RFID device 200 itself may decide to switch into the high power
mode or change the configuration by itself. The switching may also be based on a
random process.

With the help of the energy supply of the low power mode, the RFID device
200 may activate the high power mode by sending an activation signal to the
further control unit or frontend 202. The activation of the high power mode may

change the behavior of the complete system and therefore it is advantageous to
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make a new adjustment of the configuration in order to reach an optimized system
performance for this new operating condition again.

Hence, the high power frontend may operate at its maximum efficiency
since the design itself as well as the antenna feeding could have been laid out in
a maximally optimized way.

In the following, referring to Fig. 3, a communication system 300 according
to an exemplary embodiment of the invention will be explained.

The communication system 310 comprises a reader 320 and a transponder
340.

The reader 320 comprises a processor 322 (such as a microprocessor or a
central processing unit) which is communicatively coupled with an emitter antenna
324 and a receiver antenna 326. The emitter antenna 324 is capable of
transmitting a communication message 328 to the transponder 340. The receiver
antenna 326 is capable of receiving a communication message 330 from the
transponder 340. Although the transmission antenna 324 and the receiver
antenna 326 are illustrated as two different antennas in Fig. 3, alternative
embodiments may also use a single common shared transceiver antenna.

The antennas 324, 326 are electrically coupled with the processor 322 so
that data may be sent from the processor 322 to the transmission antenna 324 for
transmission as a communication message 328. A communication message 330
received by the receiver antenna 326 may also be analyzed and processed by the
processor 322.

A storage unit 332 such as a semiconductor memory is coupled with the
processor 322 so as to allow storing data accessible for the processor 322.
Furthermore, an input/output unit 334 is shown which allows a user to operate the
reader device 320. The input/output unit 334 may comprise input elements such
as buttons, a keypad, a joystick or the like. Via such input elements, a user may
input commands to the reader device 320. Furthermore, the input/output unit 334
may comprise a display unit such as a liquid crystal display allowing to display
results of the reading procedure of the reader device 320 visible for a user.

As can be further taken from Fig. 3, the transponder or RFID device 340

comprises a transmission and receiver antenna 336, a processor 342 such as a
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microprocessor and a memory 338. In an embodiment, the memory 338 and the
processor 342 may be monolithically integrated in an integrated circuit (IC) which
can be connected to the antenna 336 and attached to a support 344 such as a
piece of fabric.

The communication messages 328, 330 can be exchanged in a wireless
manner between the entities 320, 340.

As can be taken from Fig. 3, the communication messages 328 and 330
can be exchanged between the reader 320 and the transponder 340.

A processing unit 301 corresponding to the processing unit of Fig. 1 and 2
as well as one or more control units 302 corresponding to the control units of Fig.
1 and 2 may be comprised in the processor 342 of Fig. 3 as shown or may be
arranged separately.

It should be noted that the term “comprising” does not exclude other
elements or features and the “a” or “an” does not exclude a plurality. Also
elements described in association with different embodiments may be combined.
It should also be noted that reference signs in the claims shall not be construed

as limiting the scope of the claims.
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CLAIMS

1. An RFID device (100) being operable in a first and a second operating state,
the RFID device (100) comprising

a control unit (102), wherein the control unit (102) comprises a
configuration input terminal for receiving a configuration signal, and

a processing unit (101), which is coupled to the control unit (102),

wherein the control unit (102) is adapted for switching the processing unit
(101) between the first and the second operating state based on the configuration
signal,

wherein the control unit (102) comprises an activation input terminal for

receiving an activation signal.

2. The RFID device (100) according to claim 1, wherein
the control unit (102) is adapted for switching the RFID device (100)

between a low-power mode and a high power mode.

3. The RFID device (100) according to claim 1, wherein

the configuration signal is an external configuration signal.

4. The RFID device (100) according to claim 1, wherein

the configuration signal is determined based on a random process.

5. The RFID device (100) according to claim 1, comprising

a further control unit (202), wherein the further control unit (202) comprises
a further configuration input terminal for receiving a further configuration signal,

wherein the further control unit (202) is coupled to the processing unit
(201), and

wherein the further control unit (202) is adapted for switching the
processing unit (201) between the first and the second operating state based on

the further configuration signal.
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6. The RFID device (100) according to claim 5, wherein
the configuration signal and the further configuration signal are providable by an

antenna element (203).

7. The RFID device (100) according to claim 6, wherein

the configuration signal is receivable from a feedpoint (204) of the antenna
element (203) and

the further configuration signal is receivable from a further feedpoint (205) of the

antenna element (203).

8. The RFID device (100) according to claim 1, wherein

the RFID device (100) is adapted for a wireless communication with a
communication partner device (320), particularly a reading device, for reading
data from the RFID device (100).

9. Method for operating an RFID device (100) in a first and a second operating
state, the method comprising

receiving a configuration signal at a configuration input terminal of a control
unit (102),

switching a processing unit (101), which is coupled to the control unit (102),
between the first and the second operating state based on the configuration
signal,

receiving an activation signal at an activation input terminal of the control

unit.

10. Method according to claim 9, further comprising
modifying a configuration of the control unit (102) based on the configuration

signal.

11. Method according to claim 9, further comprising
activating the control unit (102) in the first operating state and

deactivating a further control unit (202) in the first operating state.
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12. Method according to claim 11, further comprising
activating the further control unit (202) in the second operating state and

deactivating the control unit (102) in the second operating state.

13. A computer-readable medium, in which a computer program of operating an
RFID device (100) in a first and a second operating state is stored, which
computer program, when being executed by a processor, is adapted to carry out

or control a method according to claim 9.
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