
"An RF transponder" THIS INVENTION relates to an RF transponder having an
antenna and, more particularly, to an RF transponder having an antenna
comprising at least two ports. For certain applications, a two-way radio
frequency (RF) communications system might comprise a number of
transponders and a reader. The transponders have no direct power source and
operate using radiated power from the reader. Hence, this type of
arrangement is known as 'passive tagging'. Initially, the reader sends out
a carrier wave, which may be a continuous wave (CW) or a pulse wave (PW),
the purpose of which is to provide a radiated power source for the
transponders and to interrogate the transponders as to a specific
identification code (ID) carried by each transponder in its internal
processor. The reader receives a backscattered version of its own carrier
wave. The carrier wave is modified by the identification code such that the
information carried by the carrier wave includes the identification of an
interrogated transponder, thus allowing the reader to identify the
transponder. Once this has been done, the reader establishes a protocol for
communication between itself and the transponder. This communication takes
the form of the reader sending a digitally modulated control signal which
the transponder demodulates. The transponder has three tasks. These are to
rectify AC power derived from the carrier wave, to modulate the
backscattered response to the initial carrier wave and to demodulate the
control signal from the reader. The transponder has an antenna. If all of
these functions were to be carried out using the same antenna and by a
shared port of the antenna it would be very difficult to achieve optimum
performance as different parameters are required for each of the functions
to perform optimally. 



2 Improved performance can be achieved by using two ports on the same
antenna, where one port is for the modulator and demodulator, and the other
solely for the rectifier. Thus, either at least two antennae are required,
or a single antenna with multiple ports is needed. If two antennae are
used, the so-called dual-antenna solution (as is the case with most of the
current work in this area), problems arise due to the small size of the
transponders. The two antennae need to be isolated from each other (ideally
half of a signal wavelength apart) in order not to interfere with each
other, and on a transponder of limited size it is often not possible to
place the antennae sufficiently far apart (see Figures 5 & 6 of the
accompanying drawings). This approach thus leads to an oversized
transponder, and can also reduce the space available for other components.
Another solution is to use a single antenna with dual ports. However, for
good antenna gain performance, a good quality substrate is required, which
increases the cost of producing the transponder. Known antennae using this
approach incorporate microstrip patch antennae with dual ports, and operate
these ports at the same frequency. The antenna gain performance of such a
setup using a good quality substrate is not perturbed by microstrip
transmission line power feed due to the nature of the electromagnetic
fields in the microstrip patch. It is an object of the invention to seek to
provide an RF transponder having an antenna which incorporates a plurality
of ports, without requiring the use of an expensive substrate, and without
incurring significant loss of gain 



performance for any of the ports. Accordingly, one aspect of the invention
provides an RF transponder having an antenna comprising at least two ports
operable to receive respective    signals such that, in use, the signals in
combination establish at least two current nulls on the antenna, each of
the ports being located substantially at a current null. Advantageously,
the antenna is a loop. This loop, preferably, is formed as a coplanar
structure. Conveniently, the antenna loop is rectangular. Advantageously,
the number of current nulls is two. Preferably, the length of the perimeter
of the antenna is substantially equal to two or more half wavelengths of at
least one of the signals. Conveniently, the signals are 90[err] out of
phase with each other. Advantageously, coplanar stripline is provided for
feeding the signals to the antenna. Preferably, the antenna has two ports.
A further problem which dictates the minimum size of conventional passive
transponders is that the magnitude of the demodulated signal is not
sufficient to be read by digital circuits on the transponder. Comparators,
which are relatively large and consume substantial amounts of power, are
required to boost the demodulated signal, and this increases the size and
the power consumption of the transponder.   



4 It is a further object of the present invention to provide a rectifying
circuit which can output a demodulated signal of sufficient magnitude to be
read directly by conventional digital circuits. Accordingly, A further
aspect of the present invention provides a rectifying circuit containing
two ports, each port being operable to have an oscillating voltage applied
thereacross, a first rectifying means being connected to the first port and
being constructed such that, in operation, the output of the first
rectifying means is substantially constant, and a second rectifying means
being connected to the second port and being constructed such that, in
operation, the output of the second rectifying means fluctuates in phase
with the applied voltage. Preferably, the rectifying circuit has an output
comprising the outputs of the first and second rectifying means combined
with one another. Conveniently, the outputs of the first and second
rectifying means are combined by summation. Advantageously, the combined
output is bridged by a DC storage capacitor to provide a DC power source.
Preferably, the first rectifying means performs a voltage multiplication
effect. Conveniently, the second  rectifying  means performs a voltage
multiplication effect. Advantageously, the first rectifying means comprises
first and second diodes and first and second capacitors, the capacitance of
the second capacitor   



5 being sufficiently large to provide a smoothing effect that, in
operation, renders the output of the first rectifying means approximately
constant. Preferably, the second rectifying means comprises third and
fourth diodes and third and fourth capacitors, the capacitance of the
fourth capacitor being sufficiently small that, in operation, the output of
the second rectifying means fluctuates in phase with the applied
oscillating voltage. Another aspect of the invention provides an RF
transponder including a rectifying circuit according to the above, in which
the combined output of the first and second rectifying means comprises a
demodulated signal for the transponder and the output is further bridged by
a DC storage capacitor to provide a DC power source for the transponder. In
order that the invention may be more readily understood, an embodiment
thereof will now be described, by way of example, with reference to the
accompanying drawings, in which: FIGURE 1 is a diagrammatic representation
of the a first stage of communication between a reader and a passive RF
transponder, in which the reader is emitting a carrier wave; FIGURE 2 is a
diagrammatic representation of a second stage of communication between the
reader and the transponder of Figure 1, in which the reader it still
emitting the carrier wave, and the transponder is emitting a modulated
version of the carrier wave; FIGURE 3 is a diagrammatic representation of a
third and final stage of communication between the reader and the
transponder of Figure 1, in which the reader emits a digitally modulated
control signal;  



6 FIGURE 4 is a circuit diagram of an RF transponder embodying the present
invention; FIGURE 5 is a schematic plan view of an arrangement of
components on a known RF transponder; FIGURE 6 is a schematic plan view of
another arrangement of components on a known RF transponder; FIGURE 7 is a
schematic representation of the current flow on the metallic portion of a
loop antenna with a single current provided by a signal, the direction of
the current flow being indicated by arrows; FIGURE 8 is a schematic
representation of the current flow on the metallic portion of a loop
antenna when a second current is provided by a signal in accordance with an
embodiment of the invention; and FIGURE 9 is a schematic representation of
the loop antenna of Figure 8 provided with a break in the loop. FIG 10 is a
block diagram of an RF passive transponder embodying the present invention.
FIG 11 is a circuit diagram of rectifying and modem circuits for use in an
RF transponder embodying the present invention. FIG 12a- 12b shows the
waveforms produced by the circuit of FIG 11.    7 FIG 13 is a block diagram
of an added voltage of an RF passive 



transponder embodying the present invention. FIG 14 is a circuit diagram of
a superposition of the voltages of the rectifying and modem circuits for
use in a RF transponder embodying the present invention. FIG 15 shows the
waveforms produced by the circuit of FIG 14. FIG  16a-16b shows examples of
some of the possible antenna configurations that, incorporating the above,
embody the present invention. Referring to Figure 1, this is a block
diagram representing a first stage of communication between a reader I and
a passive RF transponder 2, wherein the reader I emits a radio frequency
carrier wave. Figure 2 represents a second stage of communication between
the reader 1 and the transponder 2, in which the reader 1 is still emitting
the carrier wave, and the transponder 2 is emitting a modulated version of
the carrier wave. Figure 3 shows the third and final stage of
communication, in which the reader 1 emits a digitally modulated control
signal. Figure 4 shows a typical circuit diagram for a passive RF
transponder. This circuit comprises: a processor 3 having a memory in which
an identification code is stored specific to the transponder. The processor
3 is connected in parallel to, in order, a resistor 4, a capacitor 5, a
matching circuit 7 and a loop antenna 8. A diode 6 forms part of one of the
connections between the capacitor 5 and the matching circuit 7, which diode
allows current to flow from the matching circuit 7 to the capacitor 5 but
not in the other direction. The transponder's identification code is
modulated on to the carrier wave by controlling the DC load of the diode 6.



8 In Figures 5 and 6, two known transponder designs are shown, in which
each transponder 2 has two separate antennae 10, 11 and a processor 3. One
antenna 10 is optimised to receive communication signals from the reader 1
and the other antenna 11 is optimised to act, effectively, as a secondary
winding such that an AC current is provided in the antenna 11 by the
carrier wave radiated from the reader 1. Such transponder designs suffer
from the problem of the two antennae 10, 11 occupying a large amount of the
surface area of the transponder, thereby either increasing the size of the
transponder 2 or limiting the space available for other components on the
transponder 2. Figure 7 shows an antenna for an RF transponder in the form
of a metallic loop 12, of the sort commonly used in radio frequency
antennae which is operable to receive a signal. The loop 12 has a single
port 15A. The direction of flow of the electric current provided by the
signal around the loop 12 is represented by arrows 13. In this case,
current flow is in one direction only. The loop 12 of Figure 7 illustrates
the current flow which would occur, in use, in the antennae 10, 11 in the
transponders 2 shown in Figures 5 and 6. An embodiment of the invention
consists of an RF passive transponder having a dual port coplanar loop
antenna for. If the antenna 8 is configured as a single port coplanar
antenna, the electric current flows predominantly on the metallic portion
of the loop as shown in Figure 7 to produce a radiation pattern, the
antenna having an associated antenna gain. If a second port 15B is now
introduced on this loop 12, as shown in Figure 9, it creates a break in the
loop 12, disturbing the current flow. This would normally reduce the gain
of the antenna formed by this loop 12 as the arrangement would then
essentially consist of two antennae in close proximity,  



9 and the same problems as encountered with the dual antenna solution would
arise. To solve the above problems, embodiments of the invention provide an
RF transponder with a relationship of current nulls on the metallic region
of the antenna to introduce the second port onto the loop. For example, if
two signals are received by the loop 12 as shown in Figure 8, at respective
ports 15A, 15B, and these signals are in a phase relationship, standing
waves are created around the loop 12, which will contain current nulls at
points 14 around the loop 12 where no charge is flowing. These current
nulls are analogous to the stationary points on a resonating wire, and can
only be produced when the loop 12 is fed by more than one signal through
respective ports 15A, 15B. In this way, the ports 15A, 15B can be
positioned at or near the points 14 around the loop 12 where the current
nulls exist. In the example of Figure 9, the second port 15B is located at
a break in the loop 12 at or near a point 14 where a current null exists.
In this manner, the signals which are received by the loop 12 through the
ports 15A, 15B do not have a significant effect on each other compared to
the effect caused by a second port which is not located at or near a
current null on the loop 12. This dual port antenna design can be applied
to any loop antenna to optimise the gain. Preferably, one of the signal
waveforms is the carrier wave from the reader 1 and the other signal
waveform is the modulated version of the carrier wave transmitted by the
transponder 2. In the case of a preferred embodiment of the invention, the
gain of the main port 15A for the signal is about 4 dBi, and the gain of
the second port 



15B, used for the other signal comprising, for example, a communication
signal, is about 2.5 dBi. A higher gain delivers higher power for the
antenna which will therefore be more effective.    10 The dual ports can
also be used in dual polarised transmission in other communication systems
in which both signals comprise communication signals. Circular polarisation
can be achieved if the two ports are fed 90[err] out of phase. Previous
attempted solutions using RF transponders with dual port loop structures
have been based on microstrip configurations. This has the drawback of
requiring high quality substrate which increases the production cost of the
structure incorporating the antenna, such as an RF transponder. Further,
the ground plane would change its radiation pattern or lobe from an optimal
or desired pattern. However, a fundamental difference between such a design
and an RF transponder having a coplanar loop embodying the present
invention is that the loop structure of the previous design is not changed
by the feeds from the two ports, since it is fed by a microstrip which is
an unbalanced line. In an embodiment of the invention, a break is created
in the loop geometry of the antenna to introduce the second port based on
coplanar stripline, which is a balanced transmission line structure. Thus,
RF transponders embodying the invention do not need to have the antenna
formed using high quality substrates thereby lowering the manufacturing
cost of the resultant RF transponders. Figure 10 shows the major sub-units
of an RF passive transponder 2 embodying the present invention and
containing a dual port loop antenna, which sub-units act as a communication
link with the reader 1. As a 



consequence of electromagnetic coupling between an antenna at the reader I
and the transponder antenna 12, the transponder 2 receives a portion of the
radiated signal. In the transponder 2, the second port 15B of the loop
antenna 12 is connected to a Modulator/Demodulator (modem) circuit 16. The
modem circuit 16 is in turn connected to an Input/Output port 17 of a data
processing unit such as a baseband processor (e.g. ASIC or microprocessor)
18. The function of the modem 16 is to demodulate the received radiated
signal and    also modulate the encoded identification information code
contained in the data processing unit 18 in a backscattered version through
the second port 15B. The main port 15A of the loop antenna 12 is connected
to a rectifier circuit 19, which converts a portion of the received
radiated signal into a DC voltage. This DC voltage source is used to supply
power to the data processing unit 18. A voltage limiter 20 is added to
prevent the oversupply of voltage when the transponder 2 is placed in close
proximity to the reader 1. Figure 11 shows in detail a preferred embodiment
of the invention in which the DC circuitry of the rectifier circuit 19 and
modem circuit 16 are constructed on the dual port loop antenna 12. Due to
the geometry of the loop antenna 12, a first port 32, which acts as a
ground port in this configuration, is being shared with the rectifier
circuit 19 and the modem circuit 16. The rectifier circuit 19 comprises a
first matching network 29, a first capacitor 25, first and second microwave
diodes 21, 22 and a DC reservoir capacitor (DCR) 37 connected to the main
port 15A. The radiated signal received at the main port 15A is shown
schematically in Figure 11 as an AC power source E[err]. The modem circuit
16 comprises a second matching network 30, a second capacitor 



26, third and fourth microwave diodes 23, 24, a third capacitor 27 and a
resistor 31 connected to the second port 15B, shown schematically as an AC
power source E[err]. The dimension of the loop antenna 12 is one
wavelength. The two ports 15A, 15B are located substantially at current
nulls and are a quarter- wavelength apart. Thus, any variations at the port
terminals on one of the ports will cause minimal changes to the port
impedance of the other port and vice versa. The voltage E[err] represents
an open circuit RF voltage provided in the loop antenna main port 15A by
reception of the radiated signal. A voltage doubler, which is made up of
the first capacitor 25, the first and second microwave diodes 21, 22 and
the DCR capacitor 37, charges up until its terminal voltage is equal to
V[err], the voltage between a second terminal 33 and the first terminal 32
(the voltage across XZ). The first matching network 29    12 can be
comprised of a series of inductors or capacitors and is used to match the
impedance of the main port 15A to the dynamic impedance of the voltage
doubler so as to achieve maximum power transfer. The value of the second
capacitor 22 is chosen to be sufficiently large to smooth the output
voltage across XZ and render it substantially constant, this being used as
a DC output voltage for use as a power source for the transponder.
Likewise, the voltage EB represents an open circuit RF voltage provided in
the loop antenna second port 15B by reception of the radiated signal. The
second capacitor 26, the third and fourth microwave diodes 23, 24, the
third capacitor 27 and the resistor 31 perform two functions: that of a
voltage doubler and an envelope detector. The time constant of the third
capacitor 27 and the resistor 



31 is small enough to envelope detect the signal to recover a voltage
V[err] across the first and second terminals 32, 33. The second matching
network 30 performs the same function as the first matching network 29. The
value of the fourth capacitor 24 is chosen to be sufficiently small that
the fluctuations in the signal received at port 15B are not smoothed out,
and the output across YZ is used as demodulated data by downstream logic
circuitry in the transponder. Figure 12A shows the rectified voltage
waveform VR (the DC output voltage) across the second terminal 33 and the
first terminal 32, and Figure 12B shows the modulated voltage waveform
V[err] across the third terminal 34 and the first terminal 32. Thus, in the
circuitry of Figures 10 and 11, the output of the modem 16 is the
demodulated data (the voltage across YZ) and the output of the rectifier 19
is the power supply for the transponder (the voltage across XZ). Figure 13
shows a further RF transponder embodying the present invention in which the
demodulated signal from the modem circuit 16 is    13 combined with the
rectified signal from  the rectifier circuit 19.  This "combined" signal
has the effect of adding the rectified voltage V[err] to the average
modulated voltage V[err]. Figure 14 shows in detail a circuit used to
obtain this combined voltage. In the configuration of Figure 14, the third
and fourth microwave diodes 23, 24 are in reverse polarity. Thus, both the
DCR capacitor 37 and the third capacitor 27 will have the same polarity in
terms of voltage. This will give a series combination of the voltages of
the DCR capacitor 37 and the third capacitor 27. The resultant waveform
across XY is a 



superposition of rectified and demodulated signals in which the demodulated
signal sits on the rectified signal with a DC offset of V[err] as shown in
Figure 15B. This waveform has the same pattern as the waveform V[err] in
the example described with Figure 11, but has sufficient magnitude to be
read directly by the digital circuits that reside in the baseband
processor, thus obviating the need for comparators to boost the waveform.
Using this technique of combining the rectified and demodulated signals
improves the performance of the transponder by increasing the effective
range over which the transponder will operate and reduces the number of
components required and hence the power consumption of the transponder. The
ability of the modem to eliminate the need for comparators not only saves
on space but also reduces substantially the overall power consumption of
the system, comparators drawing considerable power. Referring again to
Figure 14, a fifth diode 35 is included to provide further rectification. A
fifth capacitor 36 represents a DC storage capacitor connected across the
second and third terminals 33, 34. Figure 15C shows the output waveform of
the boosted rectified voltage across X'Y. In summary, in the circuitry of
Figures 10, 11, 13 and 14, the output of the modem 16 is the demodulated
data (the voltage across YZ). In the circuitry of Figures 10 and 11, the
voltage across YZ represents modulated data to be backscattered to the
reader 1, and the output of the rectifier 19 is the power    14 supply for
the transponder (the voltage across XZ). In the circuitry of Figures 13 and
14 either the voltage across XY or that across YZ may represent the data to
be backscattered to the reader 1, and the smoothed combined outputs of 



the modem 16 and the rectifier 19 is the power supply for the transponder
(the voltage across X'Y). The rectifier circuits of Figures 11 and 14 may
be used with other configurations of antennae, such as the antenna
configurations presented in Figures 16A and 16B. It is preferred to have
two loop antennae 39 or two dipole antennae 40 oriented at approximately
90[err] to one another. The above two rectifying circuits are especially
suited for use on RF transponders embodying the present invention since the
combined area occupied by the dual port antenna and the rectifying circuit
is small compared to other designs which do not embody the invention.
Further, the above described rectifying circuits can be used with the
antenna configurations shown in Figures 16a and 1 6b to minimise
transponder size. Although the above embodiments describe a transponder
which derives its power from a radiated signal, it is envisaged that the
rectifying circuit of the present invention would also be extremely useful
on a transponder which has a built-in power source, for example a small
battery mounted on the transponder. In addition, it should be noted that
whilst the majority of the description of the transponder is directed to
its operation when in a receiving mode, the transponder is also operable in
- a transmitting mode. Operation in the transmitting mode is clearly
apparent to a person skilled in this technical field.    15 Claims: 1.
An RF transponder having an antenna, the antenna comprising at least two
ports operable to receive signals such that, in use, the signals in 



combination establish at least two current nulls on the antenna, each of
the ports being located substantially at a current null. 2.    An RF
transponder according to Claim 1, wherein the antenna is a loop antenna. 3.
An RF transponder according to Claim 2, wherein the loop antenna is formed
as a coplanar structure. 4.    An RF transponder according to Claim 2 or 3,
wherein the loop antenna is a rectangular loop. 5.    An RF transponder
according to any preceding claim, wherein the number of current nulls is
two. 6.    An RF transponder according to any preceding claim, wherein the
length of the perimeter of the antenna is substantially equal to two or
more half wavelengths of at least one of the signals. 7.    An RF
transponder according to any preceding claim, wherein the signals are 90
out of phase with each other. 8.    An RF transponder according to any
preceding claim, wherein coplanar stripline is provided for feeding the
signals to the antenna.    16 9.    An RF transponder according to any
preceding claim, wherein the number of ports is two. 10.  A rectifying
circuit containing two ports, each port being operable to have an
oscillating voltage applied thereacross by a signal, a first rectifying
means being connected to the first port and being constructed such that, in
operation, the output of the first rectifying means is substantially
constant, and 



a second rectifying means being connected to the second port and being
constructed such that, in operation, the output of the second rectifying
means fluctuates in phase with the applied oscillating voltage. 11.  A
circuit according to Claim 10, wherein the rectifying circuit has an output
comprising the outputs of the first and second rectifying means combined
with one another. 12.  A circuit according to Claim 11, wherein the
combined output of the first and second rectifying means is of sufficient
magnitude to be read directly by conventional digital circuits without
being amplified. 13.  A circuit according to Claim 11 or 12, wherein the
outputs of the first and second rectifying means are combined by summation.
14.   A circuit according to any one of Claims 11 to 13, wherein the
combined output is bridged by a DC storage capacitor to provide a DC power
source. 15.  A circuit according to any one of Claims 10 to 14, wherein the
first rectifying means performs a voltage multiplication effect.    16.   A
circuit according to any one of Claims 10 to 15, wherein the second
rectifying means performs a voltage multiplication effect. 17    A circuit
according to any one of Claims 10 to 14, wherein the first rectifying means
comprises first and second diodes and first and second capacitors, the
capacitance of the second capacitor being sufficiently large to provide a
smoothing effect that, in operation, renders the output of the first
rectifying means approximately constant. 18.   A circuit according to any
one of Claims 10 to 17, wherein the second 



rectifying means comprises third and fourth diodes and third and fourth
capacitors, the capacitance of the fourth capacitor being sufficiently
small that, in operation, the output of the second rectifying means
fluctuates in phase with the applied oscillating voltage. 19.   An RF
transponder including a rectifying circuit according to any one of Claims
10 to 18, wherein the combined output of the first and second rectifying
means comprises a demodulated signal for the transponder and the output is
further bridged by a DC storage capacitor to provide a DC power source for
the transponder. 20.   An RF transponder according to any one of Claims 1
to 9, wherein the transponder further comprises a rectifying circuit
according to any one of Claims 10 to 17. 21.   An RF transponder having the
rectifying circuit of any one of Claims 10 to 18, in combination with two
dipole antennae.    


