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A MULTI-PROTOCOL RFID TAG AND SYSTEM

The present invention generally relates to wireless RF (Radio Frequency)
communication and particularly to an electronic tag such as a RFID (Radio
Frequency Identification) tag adapted to simultaneously communicate with one or
more reader(s) utilising different communication protocols/standards.

Introduction

Applications of radio-frequency identification (RFID) are widespread in today’s
well-connected world. RFID uses radio frequency (RF) signals to identify and track
objects, such as, for example, vehicles, shipping containers, equipment, tools and
even personnel utilising so called tags (i.e. transponders) that are attached to the
object. In some cases, RFID may also be used to provide information about the
tracked object’s state, such as, for example, temperature, humidity or a precise
location.

Typically, RFID systems are categorised according to the operating carrier
frequency. For example, Low-Frequency (LF) RFID operates at 125KHz to
134KHz (kilohertz), offering data communication that is limited to data rates of less
than 1 kbits/s (kilobits per second) and operating ranges of less than 1m (meter).
High-Frequency (HF) RFID operates at 13.56MHz (megahertz) offering data
communication with data rates approaching 25kbits/s and operating ranges of up
to 1.5m. Ultra-High-Frequency (UHF) RFID typically operates in the 860MHz to
960MHz frequency band offering data rates of up to 100 kbits/s and operating
ranges of up to 10m. Microwave (MW) RFID operates at 2.45GHz and 5.8GHz
(gigahertz) offering further increase in data rates and operating range.

Depending on their operating principle, tags may be classified into three categories
(i) passive tags, (ii) semi-passive tags and (iii) active tags. Passive tags have no
internal power supply and utilise the signal energy transmitted by the reader (i.e.
interrogator) to power the tags’ internal circuit and communicate with the reader.
Semi-active tags have an internal power supply, but the tags are only activated to
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establish communication when “interrogated” by a reader. Active tags have an
internal power supply, such as, for example, a battery, and a transmitter that is
periodically transmitting the tag’s ID or other tag information. The ID and/or other
tag information is then picked up by an interrogating reader to simply track an
associated object, or to establish a communication link between the reader and
the tag.

Figure 1 shows a simplified illustration of a typical RFID system 10 where a first
tag 12 is attached to an object 14 tracked by a first reader 16 (Reader 1) that is
configured to “couple” with the tag 12 via a first communication protocol. In order
to allow a second reader 18 (Reader 2) to track the object 14 using a second
communication protocol, a second tag 20 has to be attached to the object 14.

In general, RFID operates according to international and national standards and
within @ number of distinct frequency bands dedicated to respective standards.
The International Standards Organisation (ISO) and EPCglobal (Electronic
Product Code) are two organisations that work together to approve standards and
protocols in order to provide universal specifications for RFID equipment. Once
ratified, these protocols define communication methods approved with the air
interface in conjunction with the operating frequency, channel bandwidth, data
transmission rate, etc. The protocol also defines how the information is coded, how
it is modulated, as well as any anti-collision protocol used.

There are basically two types of protocols to establish communication between tag
and reader (i.e. interrogator), (i) “Tag-Talks-First” (TTF), where the tag initiates
communication with the reader, and (i) “Reader-Talks-First) (RTF), where the
reader initiates the communication with the tag. Tag-Talks-Only (TTO) and Tag-
Only-Talks-After-Listening (TOTAL) are variants of TTF, i.e. with TTO the reader
sends no commands to the tag, instead, the tag just sends it's ID code and any
other additional information at intervals whenever the tag enters the reader's RF
‘energy” beam (for passive tags).
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In addition, many systems use proprietary air interfaces, so that tags and readers
must come from the same manufacturer to allow communication.

Consequently, many different RFID protocols/standards have been developed
over the past few decades, and each has tended to be applied to specific
applications. This generally means that if an item needs to communicate over more
than one RFID protocol it needs to have two tags fixed to it, each tag containing
an antenna and an RFID chip (i.e. IC). Other available tags may utilise two or more
separate antennas to provide communication in different frequency bands, or a
dual-band antenna that is coupled to two separate |Cs. However, this raises the
cost of the item considerably and precludes low cost items from access to such
multi-protocol systems. Whilst dual mode IC’s are known, they duplicate many
features, e.g. they have two antennas, two antenna interfaces, two modulators,
etc. This also adds cost and size to the tag.

Figure 2 (a) shows an example of one of the main RFID standards, ISO 18000,
which is a standard for the air interface for RFID frequencies around the world.
There are numerous other standards under ISO including, inter alia, RFID
standards for close-coupled cards, payment systems, used in supply chain, and
so on. Figure 2 (b) shows a series of classes for RFID tags under EPC Global.

Accordingly, it is an object of the present invention to provide a RFID system, and
in particular a RFID tag that is adapted to “communicate” with different readers
using different protocols and standards and which provides additional and
improved functionality, but without the added complexity of known RFID tags and
systems.

Summary of the Invention

Preferred embodiment(s) of the invention seek to overcome one or more of the
disadvantages of the prior art.
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According to a first embodiment of the invention, there is provided a RFID tag
assembly for operation with at least one RFID reader assembly, comprising an
antenna member for transmitting and/or receiving an RFID signal; and at least one
integrated circuit (IC) for processing the RFID signal and which is configured to
communicate, alternatingly and sequentially in time, a first signal transmission and
at least one second signal transmission, each defined by a plurality of
predetermined signal transmission parameters, to the at least one RFID reader
assembly utilising time-division multiplexing, wherein said at least one first signal
transmission differs from said at least one second signal transmission in at least
one of said plurality of predetermined signal transmission parameters.

The use of time-division multiplexing to provide different, sequentially arranged
signal transmissions, allows for one tag (i.e. a single antenna and/or IC, active or
passive) to (almost) simultaneously provide its ID (or other information) via one or
more protocols and/or standards, but also to selectively provide different
information via different protocols, i.e. so as to send different information to
different readers. Therefore, the tag design can be kept relatively simple
minimising manufacturing costs, as well as, tag dimensions.

Advantageously, said plurality of predetermined signal transmission parameters
may be any one of (i) at least one predetermined information, (ii) at least one
parameter of at least one RFID standard and (iii) a time stamp. Preferably, said at
least one parameter of said at least one RFID standard may be any one of a signal
carrier frequency, a data transmission rate and an encoding scheme.

Advantageously, said IC may comprise a memory device, configured to store at
least said predetermined information; an encoder device, configured to apply said
at least one encoding scheme to the RFID signal; a clock generator, configured to
provide at least one first clock signal; a signal modulator, adapted to modulate said
RFID signal according to at least one modulation process; and a controller,
configured to control any one of said at least one memory, said at least one
encoder, said clock generator and said signal modulator.
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Advantageously, said memory device may comprise a first memory, configured to
store a first predetermined information, and at least one second memory,
configured to store a second information.

Advantageously, said encoder device may comprise a first encoder, adapted to
apply afirst encoding scheme to the RFID signal, and at least one second encoder,
adapted to apply a second encoding scheme to the RFID signal.

Advantageously, said clock generator may comprise a first clock, configured to
generate said at least one first clock signal, and at least one second clock,
configured to generate at least one second clock signal.

Advantageously, said signal modulator may be a load modulator. Preferably, said
load modulator may be adapted to provide any one of near-field- (NFC) or inductive
coupling, and, far-field or backscatter coupling.

Advantageously, said load modulator may be adapted to utilise any one of an
Amplitude-Shift-Keying (ASK) scheme, Frequency-Shift-Keying (FSK) and a
Phase-Shift-Keying (PSK) scheme.

Advantageously, said antenna member may be a single antenna, configured to
transmit and/or receive an RFID signal of a first signal frequency. Additionally, said
single antenna may be a multi-resonant antenna adapted to transmit and/or
receive an RFID signal of said first signal frequency and at least one RFID signal
of a second signal frequency. Even more preferably, said first signal frequency
may be a Ultra-High-Frequency (UHF) and said second signal frequency may be
any one of a High-Frequency (HF) and Low-Frequency (LF).

Advantageously, said at least one RFID standard may be any one of a UHF air
interface protocol, a HF air interface protocol and a LF air interface protocol.
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Advantageously, said tag assembly may comprise at least one passive tag
configured to utilise any one of a Tag-Talks-First (TTF) protocol, a Tag-Talks-Only
protocol and a Tag Talks Only After Listening (TOTAL) protocol.

Advantageously, said IC may further comprise a power generator adapted to
provide energy to said IC from the RFID signal.

Alternatively, said tag assembly may comprise at least one active tag, configured
to utilise any one of a Tag-Talks-First (TTF) protocol, Tag-Talks-Only protocol and
Tag Talks Only After Listening (TOTAL) protocol.

According to a second embodiment of the invention, there is provided a RFID
system, comprising at least one tag assembly according to any one of the
preceding claims, and at least one reader assembly, configured to operatively and
communicatively couple with said at least one tag assembly.

Brief Description of the Drawings

Preferred embodiments of the present invention will now be described, by way of
example only and not in any limitative sense, with reference to the accompanying
drawings, in which:

Figure 1 (Prior Art) is a simplified schematic illustration of a typical RFID
system, including a first reader (or interrogator) configured to communicate with a
first tag and a second, different reader configured to communicate with a second
tag;

Figure 2 (Prior Art) shows examples of typical ISO 18000 air interface
standards and EPC Global tag classes;

Figure 3 shows flow charts of the sequence of steps for the time-division
multiplexed signal transmissions: (a) signal transmissions via different protocols
and (b) signal transmissions with different data packets;
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Figure 4 shows a simplified schematic illustration of a RFID system
comprising a tag of the present invention configured to provide information to two
different readers, each utilising a different protocol or standard,;

Figure 5 shows a simplified schematic illustration of a first example
embodiment of the IC architecture of a tag IC of the present invention, adapted to
transmit the same data (from Memory) at two different data transmission rates;

Figure 6 shows a simplified schematic illustration of a second example
embodiment of the IC architecture of a tag IC of the present invention, adapted to
transmit two different sets of data (from Memory 1 and Memory 2) at the same
data transmission rate;

Figure 7 shows a simplified schematic illustration of a third example
embodiment of the IC architecture of a tag IC of the present invention, adapted to
transmit the same data (from Memory) in two different encoding schemes, and

Figure 8 shows a simplified schematic illustration of a fourth example
embodiment of the IC architecture of a tag IC of the present invention, adapted to
transmit the same data (from Memory) in two different encoding schemes, wherein
one of which utilises an internally-generated clock (Clock 2).

Detailed description of the preferred embodiment(s)

The exemplary embodiments of this invention will be described in relation to RFID
systems, and in particular to RFID systems using TTO tag(s) that are configured
to receive power from an interrogating reader (passive tag), but also battery-
powered TTO tag(s) that are configured to continuously broadcast information,
either autonomously or when activated by an interrogating reader. As non-limiting
examples, the tag(s) could be operated at 860 MHz to 960 MHz, 13.56 MHz or
125/134 KHz and according to any one of the standards and classes shown in
Figure 2 (a) and (b).

However, it is understood by a person skilled in the art that any other suitable tag
design (passive, semi-passive, active) may be used in connection with this
invention. Also, it is understood that the scope of the invention is not limited to the
specific design described for the example embodiment(s).
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Further, in the context of this particular example of the present invention, signal
transmission includes the emission of a radio wave, but also the modulation of a
‘load” presented to a reader by a tag, in order to communicate information from
the tag to the reader.

Figures 3 (a) and (b) show flow charts of two example operation schemes for a
TTO tag of the present invention. In particular, as illustrated in Figure 3 (a), the tag
operation (executed by the IC) includes the sequential step of ‘Power on Reset’
100, followed by the ‘Transmit first Protocol’ step 102, a ‘Pause’ 104, followed by
a ‘Transmit second Protocol’ step 106 and another ‘Pause’ 108, the sequence may
then be repeated, i.e. going back to step ‘“Transmit first Protocol’ step 102. The
step ‘Transmit first Protocol’ 102 and ‘Transmit second Protocol’ 106 may be
replaced by the alternative steps ‘Transmit first data packet’ 110 and ‘Transmit
second data packet’ 112, as shown in the example of Figure 3 (b).

However, it is understood by the person skilled in the art that the sequentially
repeating and alternating signal transmissions are not limited to the illustrated two
different signal transmissions but may be any number of different signal
transmissions alternating at any suitable iteration pattern. The signal transmissions
may differ in any one or any combination of a suitable signal transmission
characteristic, such as, for example, the communication protocol / standard
including, inter alia, the carrier frequency, data transmission rate, the modulation
scheme applied, but the distinguishing signal transmission characteristic may also
be the actual data content, or a time stamp given to a separate signal transmission.

In a specific example, a single RFID tag / IC may operate with a single antenna by
alternating between different transmitted bursts (signal transmissions) in a Tag
Talks Only (TTO) mode, repeatedly broadcasting its alternating information whilst
receiving power (and potentially listening for modulation) but interpreting no data
or commands from a reader. As a result, the tag of the present invention is
compatible with multiple different reader systems and/or can broadcast different
sets of data at a predetermined rate/pattern. Embodiments of the present invention
include tags that may operate at a single carrier frequency utilising a single
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antenna, but it also includes tags that may operate at multiple frequencies utilising
a single antenna interface. In this specific example, all IC controlled signal
transmissions are in the form of load modulation (i.e. backscattering or inductive
coupling) and respective different signal transmissions may employ different load
modulation schemes, e.g. one first signal transmission may use amplitude
modulation (amplitude shift keying, ASK) and the other may use phase modulation
(phase shift keying, PSK). However, as mentioned before, it is understood by the
person skilled in the art, that the present invention allows for any suitable
modulation scheme.

Furthermore, envisaged signal transmission iteration patterns may include a
symmetric, asymmetric, regular, irregular or random order. For example, two
different signal transmissions ‘A’ and ‘B’ (e.g. differing in the communication
protocol used) may be time-division multiplexed in an order, such as, “A-A-B-A-A-
B-...”, or “A-B-A-A-B-B-...”. It is understood by the person skilled in the art, that
any other order and/or number of different signal transmissions may be used
without departing from the inventive concept of the present invention.

Figure 4 shows a simplified schematic illustration of a RFID system including a tag
200 of the present invention, as well as, a first reader 202 and second reader 204,
each one of the readers 202, 204 using a different communication protocol to
‘communicatively couple” with the tag 200. In particular, tag 200 provides
sequentially arranged (time-division multiplexed) signal transmission (e.g. via load
modulation) including alternating signal “bursts” of a first 206 and second signal
transmission 208, wherein the first signal transmission 206 applies the
communication protocol used by the first reader 202 and the second signal
transmission 208 applies the communication protocol used by the second reader
204.

|C architecture examples:

Figures 5 to 8 show simplified illustrations of examples of different IC architecture
designs.
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Figure 5 shows a block diagram of an IC 300 (e.g. FlexIC, PragmatiC®),
comprising an antenna 302 (e.g. simple loop or coil), a power rectifier 304 and load
modulator 306, as well as, an encoder 308, clock 310, controller 312 and a memory
314. The encoder 308 is configured to simply provide a single encoding scheme,
wherein the clock 310 is adapted to provide at least a first clock signal (CLK1) and
a second clock signal (CLK2). The memory 314 may store basic ID tag information
but may also include additional information. A tag comprising an IC 300, as shown
in Figure 5, may alternate between signal transmissions at two different data rates,
each signal transmission including the same data (from memory 314).

The block diagram of the IC 400 illustrated in Figure 6, comprises a first memory
414a storing first data, and a second memory 414b storing second data. The other
components are identical to the architecture of the IC 300 shown in Figure 5, i.e.
antenna 402, power rectifier 404, load modulator 406, encoder 408, clock 410, and
controller 412. A tag comprising IC 400 may be adapted to alternate between
transmitting two different sets of data, using the same data rate, but may also
alternate between transmitting two different sets of data, each using a different
data rate (CLK1 or CLK2).

Figure 7 shows a block diagram of IC 500, further comprising a first encoder 508a
configured to apply a first encoding scheme, and a second encoder 508b
configured to apply a second encoding scheme. The other components are similar
to the architecture of the IC 300 shown in Figure 5, i.e. antenna 502, power rectifier
504, load modulator 506, clock 510 (only one CLK signal), controller 512 and
memory 514. A tag comprising IC 500 may be adapted to alternate between
transmitting in two different encoding schemes.

Figure 8 shows a block diagram of IC 600, comprising a first encoder 608a
configured to apply a first encoding scheme, and a second encoder 608b
configured to apply a second encoding scheme, but also a first clock 610a,
adapted to provide a first clock signal from the carrier frequency of the RF signal
received from the reader, and a second clock 610b, adapted to provide an
internally-generated clock signal. The other components are similar to the
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architecture of the IC 300 shown in Figure 5, i.e. antenna 602, power rectifier 604,
load modulator 606, controller 612 and memory 614. A tag comprising IC 600 may
be adapted to alternate between transmitting in two different encoding schemes,

one of which uses the internally generated clock signal.

As can be envisaged from the described example embodiments, the invention
allows the design and development of a single IC 300, 400, 500, 600 adapted to
transmit different protocols that are separated in the time domain. Consequently,
IC and tag costs are kept at @ minimum, in particular, by using a single antenna
and a minimized number of bond pads, as well as, a minimum of fabrication steps
over currently available prior art (i.e. tags combining two separate ICs on a single

tag, or two separate tags within a single tag, or a single IC with two antennas).

In one specific example, the tag of the present invention may be a HF tag that is
compatible with both (i) proximity readers, such as a smartphone, transmitting
information via NFC designed to enable interaction with a consumer and (ii) vicinity
readers with a longer range, designed for track and trace interactions within the
supply chain. Alternatively, a first broadcast (i.e. first signal transmission) may
direct a standards-based smartphone (reader) to a website and a second
broadcast (signal transmission) may contain more detailed proprietary information
that is interpreted by a custom reader. In another alternative example, a first
broadcast (i.e. first signal transmission) may direct a standards-based smartphone
(reader) to a website and a second broadcast (signal transmission) may contain
more detailed information that is interpreted by software (e.g. an App) installed on

the smartphone.

As mentioned above, a single antenna may be used for multi-frequency operation.
A suitable antenna may be a multi-resonant antenna employed to enable reception
and transmission at two or more different frequencies via a single two-contact
interface or feed. Multi-resonant antennas are known in the art and are not
described in any more detail.
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A dual-frequency operation may also enable operational range extension by
supplying energy to the IC 300, 600 at one frequency, whilst receiving
transmissions from the IC 300, 600 at a second frequency. For example, energy
received at a higher frequency may supplement that received at a HF frequency,
allowing HF communication with an extended range during a HF protocol burst
(i.e. signal transmission) between bursts of signal transmissions at a higher
frequency.

It will be appreciated by persons skilled in the art that the above embodiment(s)
have been described by way of example only and not in any limitative sense, and
that various alterations and modifications are possible without departing from the
scope of the invention as defined by the appended claims.
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CLAIMS

1.

A RFID tag assembly for operation with at least one RFID reader assembly,
comprising:

an antenna member for transmitting and/or receiving an RFID signal;

at least one integrated circuit (IC) for processing the RFID signal, and
which is configured to communicate, alternatingly and sequentially in time, a
first signal transmission and at least one second signal transmission, each
defined by a plurality of predetermined signal transmission parameters, to the
at least one RFID reader assembly utilising time-division multiplexing, wherein
said at least one first signal transmission differs from said at least one second
signal transmission in at least one of said plurality of predetermined signal

transmission parameters.

A RFID tag assembly according to claim 1, wherein said plurality of
predetermined signal transmission parameters are any one of (i) at least one
predetermined information, (ii) at least one parameter of at least one RFID

standard and (iii) a time stamp.

A RFID tag assembly according to claim 2, wherein said at least one parameter
of said at least one RFID standard is any one of a signal carrier frequency, a

data transmission rate and an encoding scheme.

A RFID tag assembly according to claim 3, wherein said IC comprises:

a memory device, configured to store at least said predetermined
information;

an encoder device, configured to apply said at least one encoding
scheme to the RFID signal;

a clock generator, configured to provide at least one first clock
signal,

a signal modulator, adapted to modulate said RFID signal according
to at least one modulation process;

PCT/GB2019/053410
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a controller, configured to control any one of said at least one
memory, said at least one encoder, said clock generator and said signal
modulator.

A RFID tag assembly according to claim 4, wherein said memory device
comprises a first memory, configured to store a first predetermined information,

and at least one second memory, configured to store a second information.

A RFID tag assembly according to any one of claims 4 and 5, wherein said
encoder device comprises a first encoder, adapted to apply a first encoding
scheme to the RFID signal, and at least one second encoder, adapted to apply

a second encoding scheme to the RFID signal.

A RFID tag assembly according to any one of claims 4 to 6, wherein said clock
generator comprises a first clock, configured to generate said at least one first
clock signal, and at least one second clock, configured to generate at least one

second clock signal.

A RFID tag assembly according to any one of claims 4 to 7, wherein said signal

modulator is a load modulator.

A RFID tag assembly according to claim 8, wherein said load modulator is
adapted to provide any one of near-field- (NFC) or inductive coupling, and, far-

field or backscatter coupling.

A RFID tag assembly according to any one of claims 8 and 9, wherein said
load modulator is adapted to utilise any one of an Amplitude-Shift-Keying
(ASK) scheme, Frequency-Shift-Keying (FSK) and a Phase-Shift-Keying
(PSK) scheme.

. A RFID tag assembly according to any one of the preceding claims, wherein

said antenna member is a single antenna, configured to transmit and/or receive

an RFID signal of a first signal frequency.

PCT/GB2019/053410
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A RFID tag assembly according to claim 11, wherein said single antenna is a
multi-resonant antenna adapted to transmit and/or receive an RFID signal of
said first signal frequency and at least one RFID signal of a second signal

frequency.

A RFID tag assembly according to claim 12, wherein said first signal frequency
is a Ultra-High-Frequency (UHF) and said second signal frequency is any one

of a High-Frequency (HF) and Low-Frequency (LF).

A RFID tag assembly according to any one of claims 2 to 13, wherein said at
least one RFID standard is any one of a UHF air interface protocol, a HF air

interface protocol and a LF air interface protocol.

A RFID tag assembly according to any one of the preceding claims, wherein
said tag assembly comprises at least one passive tag configured to utilise any
one of a Tag-Talks-First (TTF) protocol, a Tag-Talks-Only protocol and a Tag
Talks Only After Listening (TOTAL) protocol.

A RFID tag assembly according to claim 15, wherein said IC further comprises

a power generator adapted to provide energy to said IC from the RFID signal.

. A RFID tag assembly according to any one of claims 1 to 14, wherein said tag

assembly comprises at least one active tag, configured to utilise any one of a
Tag-Talks-First (TTF) protocol, Tag-Talks-Only protocol and Tag Talks Only
After Listening (TOTAL) protocol.

. A RFID (Radio Frequency Identification) system, comprising:

at least one tag assembly according to any one of the preceding
claims, and

at least one RFID reader assembly, configured to operatively and
communicatively couple with said at least one tag assembly.
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