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{54) Title: COMMUNICATION BETWEEN A TRANSPONDER AND AN INTERROGATOR
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30

{(57) Abstract: A transponder (10) includes an activation circuit (12) responsive to an activation signal and having a power output, a
coding cireuit (14) connected Lo the power output of the activation circuil Lo produce a code modulated response signal on receipt of
the activation signal, and a response circuit (16) connected 1o the coding circuit. The response circuit (16) is conligured 1o transmit
the code modulated response signal, and is a ringing circuit.
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(11)

WO 02/091290 PCT/IB02/01483

COMMUNICATION BETWEEN A TRANSPONDER
AND AN INTERROGATOR

THIS INVENTION relates to communication between a
transponder and an interrogator. More particularly it relates to a
transponder, and to a method of transmitting a response signal from a

transponder,

In a transponder system a passive transponder is energised
by a continuous wave (CW) radio frequency (RF) signal from an
interrogator. The interrogator transmits the CWRF activation signal at a
certain frequency and a transponder responds by transmitting a
modulated code on the same, or on a different frequency. The
interrogator receives the signal and reads the code by demodulating the

received signal.

The costs of the transponder may sometimes be derived
from the complexity of the circuitry. The distance over which the
transponder can communicate with the interrogator may be important in

the design of a transponder system. [t may therefore be advantageous
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to provide a transponder of simple design without compromising the

effective range over which the transponder can operate.

According to the invention, there is provided a transponder
which includes

an activation circuit responsive 1o an activation signal and having
a power output;

a coding circuit connected to the power output of the activation
circuit to produce a code modulated response signal on receipt of the
activation signal; and

a response circuit connected to the coding circuit and configured
to transmit the code modulated response signal, the response circuit

being a ringing circuit.

The activation circuit may be responsive to an activation
signal at a first frequency, and the response circuit may be configured to
transmit the code modulated response signal at a second, different

frequency. The second frequency may be higher than the first frequency.

The response circuit may be a series coupled

inductor/capacitor circuit.

Instead, the response circuit may be a parallel coupled

inductor/capacitor circuit.

The coding circuit may be configured to produce a response

signal which may be digitally switched.

JP 2005-502229 A 2005.1.20
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The coding circuit may be configured to produce a code
modulated response signal which includes a plurality of pulses each time

the coding circuit is switched to set the response circuit ringing.

The response circuit may be configured to produce a
response signal of shorter duration than the activation signal, providing

the response signal with a higher power output.

The coding circuit may be configured to produce the coded
signal in a plurality of discrete bursts in response to a single activation

signal.

According to another aspect of the invention, there is
provided a transponder which includes

an activation circuit responsive to an activation signal and having
a power output;

a coding circuit connected to the power output of the activation
circuit to produce a code modulated response signal on receipt of the
activation signal; and

a response circuit connected to the coding circuit and configured
to transmit the code modulated response signal, the response circuit

being a switched oscillation circuit.

The switched oscillation circuit may include a transistor

driven oscillator.
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The invention extends to a method of transmitting a
response signal from a transponder in response to an activation signal
received from an interrogator, the method including

powering a coding circuit to produce a code modulated signal; and
ringing a response circuit with the code modulated signal to

transmit the coded signal to the interrogator.

The activation signal may be at a first frequency and the
transmitted response signal may be at a second, different frequency. The

second frequency may be higher than the first frequency.

The modulated signal may be produced in bursts.

The coding circuit may be digitally switched to produce the
code modulated signal and the code modulated signal may include a

plurality of pulses corresponding to each switching of the coding circuit.

The invention further extends to a method of transmitting

a response signal from a transponder in response to an activation signal
received from an interrogator, the method including

powering a coding circuit to produce a code modulated signal; and

switching an oscillation circuit with the code modulated signal to

tfransmit the coded signal to the interrogator.

The invention is now described, by way of example only,

with reference to the accompanying diagrammatic drawings.

In the drawings

JP 2005-502229 A 2005.1.20
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Figures 1 to 5 show circuit diagrams of different embodiments of
transponders, in accordance with the invention;

Figures 6 to 10 show timing diagrams of selected signals in the
circuit shown in Figure 1;

Figure 11 shows a layout of an activation coil and a response coil

of the circuits shown in Figures 1 to 4; and

Figure 12 shows a circuit diagram of a typical interrogator.

In the figures, reference numeral 10 generally indicates a

transponder in accordance with the invention.

The transponder 10 shown in Figure 1 includes an activation

circuit 12, a coding circuit 14, and a response circuit 16. The activation
circuit 12 includes of an activation coil 18 (an inductor), a tuned capacitor
20, a diode 22 and a power capacitor 24. The activation coil 18 is
connected in parallel with the capacitor 20, which is tuned to be
responsive to an activation signal transmitted by an interrogator 100

{shown in Figure 12).

The anode of the diode 22 is connected to the one side of
the parallel coupled activation coil 18 and capacitor 20 and the cathode
of the diode 22 is connected to an electrode of the power capacitor 24,
of which the other electrode is connected to the other side of the parallel

coupled activation coil 18 and capacitor 20,

The coil 18 and capacitor 20 combination is responsive to

an activation signal of 125 KHz. In operation the activation signal

JP 2005-502229 A 2005.1.20
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induces a signal at 125 KHz in the coil 18 and capacitor 20 combination,
which is half wave rectified by the diode 22 to charge the power
capacitor 24. The power output from the power capacitor 24 is used to

supply power to the coding circuit 14 and the response circuit 16.

The response circuit 16 is a resonant circuit which consists
of a response coil 32 connected in parallel to a tuned capacitor 34. The
parallel coupled response circuit 16 is coupled between the power output
of the activation circuit 12 and a modulation output of the coding circuit
14.

When the voltage over the power capacitor 24 reaches the
activation supply voltage of the coding circuit 14, a coding unit 26 in the
coding circuit 14 starts to modulate a unique code on the response circuit
16 by switching two three-terminal depletion-type insulated-gate field-
effect (IGFET) transistors 28 and 30 which are integral with the coding
circuit 14. In this embodiment the coding unit 26 encodes the unique
code by using a bi-phase pulse code modulation {(PCM} technigue such as
"Glitch mode™, "Manchester code", or the like. In this example, Glitch
mode is used. By switching the transistor 28 on for approximately ten
percent of the period of the natural frequency of the response circuit 16,
and off, the response circuit 16 starts to ring at its resonance frequency.

The full code is generated by repeatedly switching the transistor 28 on
and off. The ringing frequency can be anything in the order of 2 to 10
MHz. Ringing continues until it is switched off by switching the
transistor 30 on. The ringing frequency is higher than the 1256 KHz
frequency of the activation signal thereby reducing interference between

the two signals.

JP 2005-502229 A 2005.1.20
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Depending on the duration of the ringing of the response
circuit 16 the transistor 30 may be omitted if the ringing will be
sufficiently decayed by the time when the transistor 30, if present, is

switched on.

Figure 8 shows some of the signals in the circuit shown in

Figure 1.

Signal 200 is the binary code to be encoded, of the value
"00110". As can be seen when a "O" 202 is to be encoded a digital
switching of the transistor 28 is performed in the first quarter of a pulse
period 204. When a "1" 206 is to be encoded a digital switching of the
transistor 28 is performed in the third quarter of the pulse period 204.

Signal 210 indicates the signal on the gate of the transistor
28. The coding unit 26 generates a short pulse on the rising edge 212
of the switching. The pulses shown in the signal 210 causes the
response circuit 16 to ring, as can be seen in the signal 220. The period
222 of the ringing signal corresponds to the natural frequency of the LC

combination of the coil 32 and the capacitor 34.

As seen in the signal 220 the falling edge 224 of the
switching, switches on the transistor 30 (seen in the signal 230) and

terminates the ringing.

The switching of the coding unit 26 is also illustrated in
Figure 7 and indicated by reference numeral 242, where it is shown with

a ringing signal 244 in the response circuit 16 in a combined timing

JP 2005-502229 A 2005.1.20
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diagram 240. The switching 242 causes to response circuit 16 to ring,
but the ringing signal 244 decays over time. The initial amplitude of the
signal 244 is shown as about 130 mA.

An alternative way of generating the code modulated
response signal is shown in Figure 8 in a combined timing diagram 250.
Each of three pulses 257 in a switching sequence 252 enhances the
ringing in the response circuit 16. Figure 9 and 10 indicates the effect
of the series of pulses 251, having a shorter period than the response
circuit 16 (Figure 9), or a longer period than the response circuit 16
(Figure 10}. It was found that a tolerance of 10% in the accuracy of the
period of the switching signal only reduced the amplitude by about 10 %
of the ringing signal 254 with a Q value of about 40, where Q is the

frequency over the bandwidth.

An alternative transponder is shown in Figure 2 having a
coding circuit 40 connecied to a response circuit 42 which includes a
response coil 48 coupled in series to a tuned response capacitor 50. The
coding circuit 40 has a coding unit 44 capable of switching a modulation
switch 46 between the supply voltage and ground. The switch 48 is
normally switched to the supply voltage thereby charging the capacitor
50 to the supply voltage. Switching the modulation switch 46 to the
ground causes the ringing of the response circuit 42. If the internal
resistance between a ground terminal 46,1 and a modulation terminal
46.2 is smaller than the internal resistance between a supply terminal
46.3 and a modulation terminal 46.2, it will cause the ring of the
response circuit 42 to run for a longer duration as well as a larger

amplitude when switched to ground than when it is switched to the

JP 2005-502229 A 2005.1.20
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supply voltage. The effect of the larger and longer ringing is that the
transmission of the code when 46.3 switches will cause little interference

in decoding.

In Figure 3 the coding circuit 14 is the same as the coding
circuit in Figure 1 but a response circuit 52 differs from the response
circuit 16 shown in Figure 1 in that a response coil 54 and a tuned
capacitor 56 are connected in parallel between the modulation output of
the coding circuit 14 and ground. In this circuit the transistor 28 is
normally switched on and the transistor 30 is switched off during the
charging cycle of the capacitor 24. By switching the transistor 28 off
and the transistor 30 on for approximately ten percent of the period of
the response circuit 52 the response coil 54 and the tuned capacitor 56

start to ring until the ringing is switched off by the transistor 28.

In Figure 4, the coding circuit 14 is the same as the coding
circuits shown in Figure 1 and Figure 3, but a response circuit 60 includes
two external transistors 62 and 64, as well as other associated circuitry
such as a capacitor 63 and a resistor 65. [n this embodiment the code
is generated by the coding circuit 14 implementing a glitch mode
modulation technique. When the modulation output of the coding circuit
14 is switched to ground, the transistor 62 is switched on momentarily
thereby charging a tuned capacitor 66 and causing the tuned capacitor
66, coupled in parallel to a response coil 68, to ring. The ringing of the
tuned capacitor 66 and the response coil 68 continues until it is switched
off by the transistor 84 being switched on momentarily by the modulation
output of the coding circuit 14 being switched to the supply voltage. If
the ringing of the inductor 68 and the capacitor 66 has sufficiently

JP 2005-502229 A 2005.1.20
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subsided after 25 % of the code period, then the transistor 64 as well as

the capacitor 63 and the resistor 65 may be omitted.

The physical layout of a transponder in accordance with the
invention is shown in Figure 11 indicating the position of a portion of the
electronic circuitry 70 of the transponder, connected to an activation coil

72 and a response coil 74.

A further alternative embodiment of the invention is shown
in Figure 5. The transponder of Figure 5 includes an activation circuit 12,
which is the same as the activation circuits shown in Figures 1 to 4. The
coding circuit 14 is the same as the circuits shown in Figures 1, 3 and 4,
but the response circuit 84 is different. The response circuit 84 is driven
by the modulation output of the coding circuit 14. The response circuit
84 is an oscillator which includes a transistor 86, a transformer 88,
capacitors 90 and 92, a schottkey diode 94 and a resistor 96. When the
modulation output of the coding circuit 14 is switched to ground by the
transistor 28 being switched on, the oscillator starts to run at a preset
frequency determined by the values of the components in the circuitry.
The coded signal is transmitted by repeatedly switching the oscillator to
encode the code of the transponder. The same coding technique as
pfeviouslv described e.g. a PCM Glitch Mode can be used to encode the

signal.

An interrogator 100 shown in Figure 12 includes an
oscillator 102 driving an amplifier 104 which is connected to a
transmission coil 106, via a lowpass filter 108. A pickup transformer

110 is connected in series with the transmission coil 108, its output

JP 2005-502229 A 2005.1.20
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driving a tuned amplifier 112 through a bandpass filter 114. The
frequency of the bandpass filter is matched to the frequency transmitted
by the response circuit 16, 42, 52, 60, or 84 of the transponder 10. A
unigue code which was modulated in the response signal by the coding
circuit 14 of the transponder 10 is demodulated by a demodulator 116 to
produce the unique code received from the transponder 10 at the output
of the demodulator 116. The lowpass filter 108 reduces the transmitter

noise in the band in which the transponder responds.

The inventor believes that the invention provides a new
transponder and a new method of transmitting a response signal from a

transponder.

JP 2005-502229 A 2005.1.20
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CLAIMS:
1. A transponder which includes

10

15

20

an activation circuit responsive to an activation signal and having
a power output;

a coding circuit connected to the power output of the activation
circuit to produce a code modulated response signal on receipt of the
activation signal; and

a response circuit connected to the coding circuit and configured
to transmit the code modulated response signal, the response circuit

being a ringing circuit.

2. A transponder as claimed in claim 1, in which the activation
circuit is responsive to an activation signal at a first frequency, and the
response circuit is configured to transmit the code modulated response

signal at a second, different frequency.

3. A transponder as claimed in claim 2, in which the second

frequency is higher than the first frequency.

4, A transponder as claimed in any one of the preceding claims,

in which the response circuit is a series coupled inductor/capagitor circuit.

5. A transponder as claimed in any one of claims 1 to 3
inclusive, in which the response circuit is a parallel coupled

inductor/capacitor circuit.

JP 2005-502229 A 2005.1.20
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6. A transponder as claimed in any one of the preceding claims,
in which the coding circuit is configured to produce a response signal

which is digitally switched.

7. A transponder as claimed in claims 6, in which the coding
circuit is configured to produce a code modulated response signal which
includes a plurality of pulses each time the coding circuit is switched to

set the response circuit ringing.

8. A transponder as claimed in any one of the preceding claims,
in which the response circuit is configured to produce a response signal
of shorter duration than the activation signal, providing the response

signal with a higher power output.

9. A transponder as claimed in any one of the preceding claims,
in which the coding circuit is configured to produce the coded signal in

a plurality of discrete bursts in response to a single activation signal.

10. A transponder which includes

an activation circuit responsive to an activation signal and having
a power output;

a coding circuit connected to the power output of the activation
circuit to produce a code modulated response signal on receipt of the
activation signal; and

a response circuit connected to the coding circuit and configured
to transmit the code modulated response signal, the response circuit

being a switched oscillation circuit.

JP 2005-502229 A 2005.1.20
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11. A transponder as claimed in claim 10, in which the switched

oscillation circuit includes a transistor driven oscillator.

12. A method of transmitting a response signal from a
transponder in response to an activation signal received from an
interrogator, the method including
powering a coding circuit to produce a code modulated signal; and
ringing a response circuit with the code modulated signal to

transmit the coded signal to the interrogator.

13. A method as claimed in claim 12, in which the activation
signal is at a first frequency and the transmitted response signal is at a

second, different frequency.

14. A method as claimed in claim 13, in which the second

frequency is higher than the first frequency.

16. A method as claimed in any one of claims 12 to 14

inclusive, in which the modulated signal is produced in bursts.

16. A method as claimed in any one of claims 12 to 15
inclusive, in which the coding circuit is digitally switched to produce the
code modulated signal and in which the code modulated signal includes

a plurality of pulses corresponding to each switching of the coding circuit.

17. A method of transmitting a response signal from a
transponder in response to an activation signal received from an

interrogator, the method including

JP 2005-502229 A 2005.1.20
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powering a coding circuit to produce a code modulated signal; and
switching an oscillation circuit with the code modulated signal to

transmit the coded signal to the interrogator.

18. A transponder as claimed in claim 1 or claim 10,

substantially as herein described and illustrated.

19. A method of transmitting a response signal as claimed in

claim 12 or claim 17, substantially as herein described and illustrated.

20. A new transponder or a new transmission method,

substantially as herein described.

JP 2005-502229 A 2005.1.20
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