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RADIO FREQUENCY IDENTIFICATION DEVICE SYSTEMS

THIS INVENTION relates to radio frequency identification device systems.
In particular, this invention relates to a passive transponder, and to a method of data

communication between an interrogator and a passive transponder.

According to a first aspect of the invention, broadly, there is provided a
passive transponder which includes a resonator circuit to receive a powering signal
thereby to provide electrical energy to the transponder by inductive coupling, the
resonator circuit being switchable between a high Q factor mode in which an induced
voltage in the resonator circuit decays slowly, and a low Q factor mode in which an
induced voltage in the resonator circuit decays more quickly, and the transponder
including a power storing arrangement to store at least a portion of the electrical energy

obtained from the powering signal.

More particularly, according to the first aspect of the invention there is
provided a passive transponder in which said resonator circuit has a transponder
antenna coil for inductively coupling to an interrogator antenna from which a series of
radio frequency signals are transmitted or transmittable, the series of radio frequency
signals comprising a leading powering signal and a trailing modulated data signal and
said power storing arrangement being operable to store at least part of the electrical
energy which is induced by inductive coupling of the transponder antenna coil during
transmission of the leading powering signal, the transponder further including:

a demodulating arrangement for demodulation of the trailing modulated data
signal; and

a Q factor controller for changing the Q factor of the resonator circuit between
said high Q factor mode, in which mode the transponder antenna coil is configured to
receive the powering signal, and said low Q factor mode, in which mode the resonator

circuit is configured to receive the modulated data signal.
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An antenna of an interrogator transmits, in use, a radio frequency wave to
create a proximate time-varying electromagnetic field. A passive transponder entering
said electromagnetic field couples inductively to the interrogator, consequent to which a
voltage is induced across an antenna coil of a resonator circuit forming part of the
transponder. The resonator circuit responds to or resonates at frequencies close to its
natural frequency much more strongly than it responds to other frequencies, which is
desirable to maximise induction of the voltage across the antenna coil during powering
of the transponder.

Further, it is desirable to maintain the induced voltage across the antenna
coil even after termination of the transmitted radio frequency signal (e.g. leading
powering signal) for powering the transponder to perform its associated functions. One
way of maintaining the voltage across the antenna coil is to maximise the electrical load

resistance or to minimize the series resistance of the resonator circuit.

Generally, in an electrically resonator circuit or system, by Q factor
(Quality factor) is meant a factor which represents the effect of electrical resistance of a
resonator circuit, or which indicates the amount of resistance to resonance in a system.
A system with a high Q factor resonates with greater amplitude at its resonant
frequency than a system with a low Q factor.

On the other hand, damping a resonator circuit by reducing the electrical
load resistance or increasing the series resistance of the resonator circuit has an
opposite effect as described above, i.e. resonating with a lesser amplitude at its
resonant frequency. This will result in a rapid decay of the induced voltage across the
antenna coil after termination of the radio frequency signal from the interrogator.

Accordingly, decreasing a Q factor (or increasing the damping ability) of a
resonant circuit permits rapid decay of an induced voltage over the antenna coil of the
resonator circuit, and increasing a Q factor of the resonant circuit facilitates slow decay
of an induced voltage over the antenna coil of the resonator circuit after termination of

the incoming radio frequency signal.
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Keeping in mind that the damping of the resonator circuit permits rapid
changes in the induced voltage over the antenna coil of the transponder, it will be
appreciated that the Q factor is related to a permissible bandwidth of the resonator
circuit, and the Q factor can be defined as the resonant frequency of the resonator
circuit (or centre frequency) divided by the bandwidth of the resonator circuit. The

centre frequency ( f,) is the frequency at which there is maximum resonance (peak

frequency), while the bandwidth (Af') is defined as the 3 dB change in level on either

fo _ L
fz_fl Af

Therefore, stated differently, the Q factor may be increased either by increasing the

side (f,,f,) of the centre frequency (f,). Defined mathematically, Q=

centre frequency ( f,) or by decreasing the bandwidth (Af). As stated above, damping

decreases the Q factor.

The power storing arrangement may include a voltage rectifier and
storage module (e.g. storage capacitor) for rectifying the induced voltage over the
antenna coil of the transponder, which induced voltage may be applied to charge the
storage capacitor for storing at least part of the electrical energy which is induced by
inductive coupling of the transponder antenna coil during transmission of the leading

powering signal.

Once the storage capacitor is charged, and after termination of the
powering signal, the induced voltage over the antenna coil of the transponder circuit
decays characteristically of the high Q-factor (i.e. fairly slowly). The transponder may
include a carrier peak detector for detecting or monitoring a voltage level or peak of the
induced voltage over the antenna coil of the transponder resonator circuit and for
relaying a peak signal representative of said detected voltage peak to the Q factor

controller.

The Q factor controller may include a resistive load which is electrically
removably connectable to the resonator circuit for changing the Q factor of the
resonator circuit between the high Q factor mode, in which mode the transponder
antenna coil is configured to receive the powering signal, and the low Q factor mode, in
which mode the resonator circuit is configured to receive the modulated data signal.
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The transponder may include a comparator which may be configured or
configurable to include a user determined voltage threshold, the voltage threshold being
comparable to the detected voltage peak which is relayed from the carrier peak
detector, in which case, the comparator triggers the Q factor controller to change the
resonator circuit to its low Q factor mode when the detected voltage peak drops below
the voltage threshold, in which mode the resonator circuit is configured to receive the
modulated data signal.

The resistive load may be electrically removably connectable to the
resonator circuit by switching operation of an electrical switch such as a transistor. To
this end, the storage capacitor may provide electrical power to components of the
transponder and the resonator circuit may be switched to its low Q factor mode, in
which mode the resonator circuit is configured to receive the modulated data signal.

In one embodiment of the invention, the transponder further includes an
additional resonator circuit for transmitting data to the interrogator. In such case, the
first resonator circuit may be for receiving the powering signal and the modulated data
signal from the interrogator, and the additional or second resonator circuit which forms
part of a transponder transmitter circuit may be for transmitting data to the interrogator.

The transponder may also include a digital processing arrangement which
may include a digital interface for connection to a digital peripheral device, and a digital

memory storage module.

According to a second aspect of the invention, broadly, there is provided a

method of operating a passive transponder, the method including:

receiving a powering signal by a resonator circuit of the transponder, the
resonator circuit having a high Q factor and at least a portion of electrical energy
received by the resonator circuit being stored onboard by the transponder,

lowering the Q factor of the resonator circuit; and

receiving a modulated data signal by the resonator circuit of the transponder
during a time period when the resonator circuit has the lowered Q factor.
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More particularly according to the second aspect of the invention, there is

provided a method of operating a passive transponder, in which:

receiving said powering signal by said resonator circuit of the transponder
includes receiving a leading powering signal from an interrogator for powering the
transponder, the resonator circuit including an antenna coil and having a high Q factor
mode, at least part of the electrical energy which is induced by inductive coupling of the
transponder antenna coil during transmission of the leading powering signal being
stored;

lowering the Q factor of the resonator circuit includes switching the resonator
circuit of the transponder to a low Q factor mode; and

receiving a modulated data signal by the resonator circuit of the transponder
includes receiving a trailing modulated data signal from an interrogator;
the method further including demodulating the trailing modulated data signal.

The method may include switching the resonator circuit to the high Q

factor mode before the leading powering signal is received.

Switching the resonator circuit of the transponder to the high Q factor
mode and switching the resonator circuit of the transponder to the low Q factor mode
may include disconnecting and connecting a resistive load or a series resistance to the

resonator circuit respectively.

Storing at least part of the electrical energy which is induced by inductive
coupling of the transponder antenna coil during transmission of the leading powering
signal may include rectifying the voltage induced over the antenna coil of the resonator
circuit and charging a storage capacitor for supplying power to the transponder after

termination of the powering signal.

Switching the resonator circuit of the transponder to the low Q factor mode
may include monitoring a decay of the induced voltage over the antenna coil of the
transponder after termination of the powering signal. A peak signal corresponding to
the decay of the induced voltage may be relayed to a comparator which, in turn,
compares the peak signal to a predetermined threshold. The comparator may switch
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the resonator circuit of the transponder to its low Q factor mode in response to the peak
signal dropping below the predetermined threshold voltage.

Receiving a trailing modulated data signal by the transponder may include
receiving a burst of radio frequency signals which comprise a series of varying
amplitudes representative of digital data e.g. an amplitude modulation technique can be
employed, in which case a high amplitude of the transmitted signal represents a digital
one and a lower or zero amplitude of the transmitted signal represents a digital zero, or

vice versa.

The method may include addressing a transponder uniquely by
transmitting a digital address of the transponder as part of the modulated data signal. It
will be appreciated that in such case a transponder announces itself in conventional
fashion by sending its unique address to the interrogator. In the instance when other
transponders are present in an interrogation range of the interrogator, the other
transponders merely discard the data from the modulated data signal if the transmission
is not addressed to them.

The invention will now be described by way of example with reference to
the accompanying diagrammatic drawings, in which:

Figure 1 is a schematic block diagram of a radio frequency identification system
which includes a passive transponder, in accordance with the invention;

Figure 2 is a graph showing a series of radio waves transmitted by an
interrogator, and showing a peak voltage signal which corresponds to an induced
voltage over an antenna coil of the transponder in Figure 1; and

Figure 3 is a schematic block diagram of another embodiment of a passive

transponder in accordance with the invention.

In Figure 1 of the drawings, reference numeral 10 generally indicates a
radio frequency identification system which includes a passive transponder 12, in

accordance with the invention, and an interrogator 14.

The transponder 12 includes a resonator circuit, generally indicated by

reference numeral 16, which comprises a transponder antenna coil 18 and a
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transponder tuning capacitor 20 connected in parallel relationship with the antenna coil
18, thus forming a parallel LC resonating circuit.

The transponder antenna coil 18 is for inductively coupling to an
interrogator antenna coil 22 from which a series of radio frequency signals are

transmitted, in use.

The interrogator antenna coil 22 of the interrogator 14 transmits a radio
frequency wave to create a proximate time-varying electromagnetic field. The passive
transponder 12 entering said electromagnetic field couples inductively to the
interrogator 14, consequent to which a voltage is induced across the antenna coil 18 of
the resonator circuit 16 of the transponder 12.

The tuned resonator circuit 16 responds to or resonates at frequencies

close to its natural frequency (f,), which frequency corresponds to that of the

transmitted radio frequency signal, much more strongly than the circuit 16 responds to
other frequencies, which is desirable to maximise induction of the voltage across the

antenna coil 18.

It is desirable to maintain the induced voltage across the antenna coil 18
even after termination of the transmitted radio frequency signal for powering the
transponder 12 to perform its associated functions. One way to facilitate maintenance
of the induced voltage across the antenna coil 18 is to maximise the load resistance or

to minimise the series resistance of the resonator circuit 16.

On the other hand, it is desirable to permit fast decaying of the induced
voltage over the antenna coil 18 when wireless data communication is effected to the
transponder 12, thereby to increase a potential data communication rate or bandwidth

(e.g. frequency response) of the transponder 12.

A person skilled in the art, will appreciate that in an electrical resonator
circuit or system, by Q (Quality) factor is meant a factor which represents the effect of

electrical resistance (or other cause of energy loss) of a resonator circuit, or which
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indicates the amount of resistance to resonance in a system. The Q factor also
indicates the degree to which a system’s amplitude increases when energised at its

resonant frequency compared with the amplitude at non-resonant frequencies.

Damping a resonator circuit by reducing the load resistance or increasing
the series resistance of the resonator circuit has an opposite effect as described above,
i.e. resonating with a lesser amplitude at its resonant frequency. This will result in a
rapid decay of the induced voltage across the antenna coil after termination of the

receipting radio frequency signal from the interrogator.

Accordingly, decreasing the Q factor (or increasing the damping ability) of
a resonant circuit permits rapid decay of an induced voltage over the antenna coil of the
resonator circuit, and increasing the Q factor of the resonant circuit facilitates slow
decay of an induced voltage over the antenna coil of the resonator circuit after

termination of the transmitted radio frequency signal.

With reference to Figure 2, reference numeral 40 indicates a burst of radio
frequency signals transmitted from the interrogator 14. The burst of RF signals 40
comprises a leading powering signal 42 and a trailing modulated data signal 44. The
modulated data signal 40 is in the form of an amplitude modulated signal where a
higher amplitude portion 46 represents a digital one and a lower or zero amplitude
portion 48 represents a digital zero.

A passive transponder is powered up during transmission of the powering
signal 42, after which data communication commences during transmission of the
modulated data signal 44. It will be appreciated that frequent powering up of the
passive transponder 12 is required to supply electrical power to the passive transponder
12 for effecting data communication to the passive transponder 12. Frequent powering
up of the passive transponder 12 reduces the length of time slots available during which
data can be sent to the transponder.

Accordingly, the transponder 12 includes a power storing arrangement,
generally indicated by reference numeral 24, for storing at least part of the electrical
energy which is generated by inductive coupling of the transponder antenna coil 18
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during transmission of the leading powering signal 42, thereby to provide an onboard
power supply during data communication operation to the transponder 12. Storing
electrical power in this way permits a longer duration of power supply to the transponder
from the storage arrangement 24, as opposed to powering up the transponder 12 more
frequently by sending more frequent powering up signals, the result of which permits
longer time slots for transmission of a modulated data signal 44, which, in turn,

facilitates faster data communication to the transponder 12.

The power storing arrangement 24 includes a voltage rectifier 30 for
rectifying the induced voltage over the antenna coil 18 of the resonator circuit 16, which
rectified voltage is applied to charge a storage capacitor 26 for storing at least part of
the electrical energy which is generated by inductive coupling of the transponder
antenna coil 18 during transmission of the leading powering signal 42.

Once the storage capacitor 26 is charged, and after termination of the
powering signal 42, the induced voltage over the antenna coil 18 of the resonator circuit
16 decays, in use, characteristically of the Q factor of the resonator circuit 16.

Moreover, it is desirable that the resonator circuit 16 allows a high data
communication transmission rate. This is effected, in accordance with the invention, by
changing the bandwidth of the resonator circuit 16 to a mode in which the induced
voltage over the antenna coil 18 of the resonator circuit 16 responds or changes rapidly,
allowing fast detection of a change in amplitude of the modulated data signal 44, thus
allowing a higher bandwidth for the resonator circuit 16 and thus for the transmitted
modulated data signal 44.

Accordingly, the transponder 12 also includes a quality factor controller,
generally indicated by reference numeral, 28 for changing a Q-factor of the resonator
circuit 16 between a high Q-factor mode, in which mode the transponder antenna coil
18 receives the powering signal 42, and a low Q factor mode, in which mode the

resonator circuit 16 receives the modulated data signal 44.

Keeping in mind that the damping of a resonator circuit permits rapid
changes in the induced voltage over the antenna coil of the transponder, it will be
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appreciated that the Q factor is related to a permissible bandwidth of the resonator
circuit, and the Q factor can be defined as the resonant frequency of the resonator
circuit (or centre frequency) divided by the bandwidth of the resonator circuit. Thus,
increasing the Q factor reduces the bandwidth of the resonator circuit.

The transponder 12 further includes a carrier peak detector 32 for
detecting or monitoring a voltage peak of the induced voltage over the antenna coil 18
of the transponder resonator circuit 16 and for relaying a peak voltage signal which
corresponds to the induced voltage to the quality factor controller 28.

The quality factor controller 28 includes a resistive load circuit, generally
indicated by reference numeral 38, which is electrically removably connectable to the
resonator circuit 16 for changing the Q-factor of the resonator circuit 16 between the
high Q-factor mode, in which mode the transponder antenna coil 18 receives the
powering signal 42, and a low Q-factor mode, in which mode the resonator circuit 18
receives the modulated data signal 44.

The transponder 12 also includes a comparator 60 which is configured to
include a user determined voltage threshold 62, the voltage threshold 62 being
comparable to the detected voltage peak signal which is relayed from the carrier peak
detector 32. The comparator 60 is dual-functional; first it triggers the quality factor
controller 28 to switch the resonator circuit 16 between its low- and high Q factor
modes, as is explained in more detail below, and secondly it identifies modulated digital
data when the resonator circuit 18 receives the modulated data signal 44.

The resistive load circuit 38, in the illustrated embodiment of the invention,
comprises two resistors 34, 36, each resistor 34, 36 being connected to an associated
branch of the resonator circuit 16 of the transponder 12. The resistive loads 34, 36 are
electrically removably connectable to the resonator circuit 16 by switching of respective
electrical switches which are in the form of MOSFET (Metal Oxide Semiconductor Field-

Effect Transistor) transistors 64, 66.

The transponder 12 includes a demodulator for retrieving the data from
the modulated data signal, in use, as explained in more detail blow.
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In another embodiment of the invention (see Figure 3) a transponder 100
in accordance with the invention includes a first resonator circuit 102, an electrical
storage arrangement 106 and a quality factor controller arrangement which is in block
108, similarly as describe above. In addition, the transponder 100 includes also a
second resonator circuit 104 for transmitting data to the interrogator. In the transponder
100, the first resonator circuit 102 is for receiving the powering signal and the
modulated data signal from the interrogator, and the second resonator circuit 104 which
forms part of a transponder transmitter circuit is for transmitting data to the interrogator.
The transponder 100 thus may be of the type described in WO 02/091290, which is fully
incorporated in its entirety herein, the transponder 100 including the inventive features
as herein described.

The transponder 12 includes a digital processing arrangement 68. The
digital processing arrangement 68 includes a data memory for storing a digital address
of the transponder 12, and a digital interface for connection to digital peripheral devices
(not shown).

In use, if data transmission to the transponder 12 from the interrogator 14
is desired, a series of radio frequency signals 40 is transmitted from the interrogator 14,
which series of radio frequency signals 40 comprises the powering signal 42 and the
modulated data signal 44.

Initially, the resonator circuit 16 of the transponder 12 is in its high Q factor
mode due to the transistors 64, 66 being switched off so that the resistors 34, 36 are
disconnected from the resonator circuit 16. In this high Q factor mode of the resonator
circuit 16 the voltage induction over the antenna coil 18 of the resonator circuit 16 is
maximized for charging the storage capacitor 26.

With reference to Figure 2, graph 80 shows two curves 82 and 84. Curve
82 is the peak output signal from the peak detector 32 which corresponds to the
induced voltage over the antenna coil 18 of the resonator circuit 16. Hereafter curve 82

is referred to as the peak voltage 82. Curve 84 is a constant threshold voltage which is
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user definable and maintained as reference to the comparator 60 from the threshold
circuit 62, herein after referred to as the threshold voltage 84.

During transmission of the powering signal 42 the peak voltage is a
maximum, at curve 82.1. When the power signal 42 is terminated at point 86 on the
graph 80, the peak voltage 82 decays, at curve 82.2, and it can be seen the curve 82.2
decays relatively slowly which is mainly due to the high Q factor of the resonator circuit
16.

When the peak voltage 82 drops below the threshold voltage 84 at point
88, a switch controller 61 switches the transistors 64, 66 on to connect the resistors 34,
36 to the resonator circuit 16 of the transponder 12, the effect of which is to switch the
resonator circuit 16 to its low Q factor mode. As explained above, in this low Q factor
mode the damping ability of the resonator circuit is increased so that more rapid
increases and decreases of the peak voltage is achieved as a result of changes in the
transmitted radio frequency signal 40.

The modulated data signal 44 in Figure 2 comprises three short bursts of
radio frequency signals 46. The duration of each burst is relatively short in comparison
to the powering signal 42; nevertheless, a fluctuation in peak voltage is more rapid
because of the low Q factor of the resonator circuit 16.

The duration of one high amplitude burst 46 is selected to permit a rise 90
of the peak output voltage which rise is rapid enough to rise within a desirably short time
period above the threshold voltage 84, and the duration of a low or zero amplitude 48 is
selected to permit a drop 92 below the threshold voltage 84. Simultaneously, the
comparator 60 compares the peak voltage rises 90 and drops 92, a rise above the
threshold voltage 84 representing a digital one and a drop below the threshold voltage
84 representing a digital zero. The digital ones and zeroes (digital data) corresponding
to the modulated data signal 44 are relayed to the digital processing arrangement 68.

To this end, the storage capacitor 26 provides electrical power to the

transponder 12 during data communication.
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Advantageously, faster data communication rates are achieved by the
transponder 12, first by charging the storage capacitor 26 for supplying power to the
transponder components so that a longer duration of time slots is available in which
data can be transmitted to the transponder 12, and secondly by switching the resonator
circuit 16 to its low Q factor mode during reception of the data modulation signal, which
lower Q factor allows rapid fluctuation (i.e. quicker frequency response) of the peak
voltage so that short bursts of signals can create an adequate rise and fall of the peak
output voltage which can be detected and demodulated.
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CLAIMS:

1. A passive transponder which includes a resonator circuit to receive a
powering signal thereby to provide electrical energy to the transponder by inductive
coupling, the resonator circuit being switchable between a high Q factor mode in which
an induced voltage in the resonator circuit decays slowly, and a low Q factor mode in
which an induced voltage in the resonator circuit decays more quickly, and the
transponder including a power storing arrangement to store at least a portion of the

electrical energy obtained from the powering signal.

2. A passive transponder as claimed in claim 1, in which said resonator
circuit has a transponder antenna coil for inductively coupling to an interrogator antenna
from which a series of radio frequency signals are transmitted or transmittable, the
series of radio frequency signals comprising a leading powering signal and a trailing
modulated data signal and said power storing arrangement being operable to store at
least part of the electrical energy which is induced by inductive coupling of the
transponder antenna coil during transmission of the leading powering signal, the
transponder further including:

a demodulating arrangement for demodulation of the trailing modulated data
signal; and

a Q factor controller for changing the Q factor of the resonator circuit between
said high Q factor mode, in which mode the transponder antenna coil is configured to
receive the powering signal, and said low Q factor mode, in which mode the resonator

circuit is configured to receive the modulated data signal.

3. A passive transponder as claimed in claim 2, in which the power storing
arrangement includes a voltage rectifier and storage capacitor for rectifying the induced
voltage over the antenna coil of the transponder, which induced voltage is applied to
charge the storage capacitor for storing at least part of the electrical energy which is
induced by inductive coupling of the transponder antenna coil during transmission of the

leading powering signal.

4. A passive transponder as claimed in claim 2 or claim 3, which includes a
carrier peak detector for detecting or monitoring a voltage peak of the induced voltage
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over the antenna coil of the transponder resonator circuit and for relaying a peak signal
representative of said detected voltage peak to the Q factor controller.

5. A passive transponder as claimed in claim 4, which includes a resistive
load which is electrically removably connectable to the resonator circuit for changing the
Q factor of the resonator circuit between the high Q factor mode, in which mode the
transponder antenna coil is configured to receive the powering signal, and the low Q
factor mode, in which mode the resonator circuit is configured to receive the modulated
data signal.

6. A passive transponder as claimed in claim 4 or claim 5, which includes a
comparator which is configured or configurable to include a user determined voltage
threshold, the voltage threshold being comparable to the detected voltage peak which is

relayed from the carrier peak detector.

7. A passive transponder as claimed in claim 6, in which the comparator is
operable to trigger the Q factor controller to change the resonator circuit to its low Q
factor mode when the detected voltage peak drops below the voltage threshold, in

which mode the resonator circuit is configured to receive the modulated data signal.

8. A passive transponder as claimed in any one of claims 5 to 7, in which the
resistive load is electrically removably connectable to the resonator circuit by switching

operation of an electrical switch.

9. A passive transponder as claim 3, in which the storage capacitor is

operable to provide electrical power to components of the transponder.

10. A passive transponder as claimed in any one of the preceding claims,
which includes an additional resonator circuit for transmitting data to an interrogator.

11. A passive transponder as claimed in any one of the preceding claims,
which includes a digital processing arrangement which includes a digital interface for
connection to a digital peripheral device, and a digital memory storage module.
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12. A method of operating a passive transponder, the method including:

receiving a powering signal by a resonator circuit of the transponder, the
resonator circuit having a high Q factor and at least a portion of electrical energy
received by the resonator circuit being stored onboard by the transponder,

lowering the Q factor of the resonator circuit; and

receiving a modulated data signal by the resonator circuit of the transponder

during a time period when the resonator circuit has the lowered Q factor.

13. A method as claimed in claim 12, in which:

receiving said powering signal by said resonator circuit of the transponder
includes receiving a leading powering signal from an interrogator for powering the
transponder, the resonator circuit including an antenna coil and having a high Q factor
mode, at least part of the electrical energy which is induced by inductive coupling of the
transponder antenna coil during transmission of the leading powering signal being
stored;

lowering the Q factor of the resonator circuit includes switching the resonator
circuit of the transponder to a low Q factor mode; and

receiving a modulated data signal by the resonator circuit of the transponder
includes receiving a trailing modulated data signal from an interrogator;
the method further including demodulating the trailing modulated data signal.

14. A method as claimed in claim 13, which includes switching the resonator

circuit to the high Q factor mode before the leading powering signal is received.

15. A method as claimed in claim 13 or claim 14, in which switching the
resonator circuit of the transponder to the high Q factor mode and switching the
resonator circuit of the transponder to the low Q factor mode includes disconnecting and

connecting a resistive load or a series resistance to the resonator circuit respectively.

16. A method as claimed in any one of claims 13 to 15, in which storing at
least part of the electrical energy which is induced by inductive coupling of the
transponder antenna coil during transmission of the leading powering signal includes
rectifying the voltage induced over the antenna coil of the resonator circuit and charging
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a storage capacitor for supplying power to the transponder after termination of the

powering signal.

17. A method as claimed in any one of claims 13 to 16, in which switching the
resonator circuit of the transponder to the low Q factor mode includes monitoring a
decay of the induced voltage over the antenna coil of the transponder after termination

of the powering signal.

18. A method as claimed in claim 17, in which a peak signal corresponding to
the decay of the induced voltage is relayed to a comparator which, in turn, compares

the peak signal to a predetermined threshold.

19. A method as claimed in claim 18, in which the comparator switches the
resonator circuit of the transponder to its low Q factor mode in response to the peak

signal dropping below the predetermined threshold voltage.

20. A method as claimed in any one of claims 13 to 19, in which receiving a
trailing modulated data signal by the transponder includes receiving a burst of radio
frequency signals which comprise a series of varying amplitudes representative of
digital data.
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