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MULTICHANNEL TRANSPONDER AND A
METHOD OF DETERMININGA MOST
STRONGLY COUPLED CHANNEL OR MORE
STRONGLY COUPLED CHANNELS
FIELD

[0001] This invention relates to multichannel transponders,
and to methods of determining the most strongly coupled
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old voltage, to select the receiver channel associated to the LC

resonant circuit which is coupled to the storage capacitor
which is ?rst charged and to deactivate the two other receiver
channels.
[0006] It would be desirable to provide an alternative
method of detection of the most strongly coupled channel,
and an associated device.

SUMMARY

channel or more strongly coupled channels.

[0007]
BACKGROUND

[0002]

Wireless systems are commonly used to transmit

information from a ?rst device, such as a base-station, to a

second device, such as a key. Moreover, such wireless sys
tems typically involve transmitting information from the sec
ond device to the ?rst device, to provide bi-directional com
munication of information. The second device may then be
termed a transponder.
[0003] In some applications, the second device may not
include its own power supply, and in such applications, it is
well known for the second device to obtain the power it

requires to operate from external sources by scavenging
power or energy. One particular example of such energy
scavenging is the use of the energy associated with the trans
mission of information from the ?rst device, to provide the
power for the second device to transmit information back to
the ?rst device. Such a system may be termed a ?eld-supplied

According to a ?rst aspect there is provided a tran

sponder comprising a multichannel front-end circuit; each
channel of the multichannel front-end circuit comprising: a
resonant circuit associated with a respective antenna and pro

ducing, in use, an input voltage; a conditioning circuit con

?gured to provide a conditioned input voltage from the input
voltage, and a comparator con?gured to compare the condi
tioned input voltage with a reference voltage; wherein the
front-end circuit further comprises: a variable load connect
able across each of the resonant circuits, and a controller

con?gured to, in use, vary the variable load and detect an

output from each of the comparators.

[0008] In embodiments, the conditioning circuit comprises
a recti?er for rectifying the input voltage. In embodiments,
the conditioning circuit further comprises a parallel combi
nation of a capacitor and a resistor, for producing a voltage

envelope. The capacitor may be a smoothing capacitor. The
resistor may be a dissipating resistor. The circuit may provide
for shaping an envelope of the input voltage. Such a circuit is

application. Partly due to the possibility of relatively high

convenient, and does not generally require many compo

powers in the ?eld, such ?eld-supplied applications are par
ticularly prevalent in RFID applications, in which the second
device may be, for instance, a passive RFID transponder, or

nents. Other embodiments may comprise different condition

other NFC (near ?eld communication) applications.

The conditioning circuit provides a ?rst input to a comparator.
The comparator may be, without limitation, a sample and

[0004] In order to ef?ciently receive power, or to ef?ciently
transmit information, it is important that the front-end circuit
of a ?eld supplied application is well-coupled to the ?eld
transmitted from and supplied by the base station. It is well
known that the coupling between the ?eld and the antenna
coil in the front-end circuit of a transponder is heavily depen
dent on relative orientation of the antenna coil in the front-end
circuit relative to the orientation of the ?eld. In vector terms

the coupling depends on the dot product between the two
orientations. If the orientations are orthogonal, there will be
little or no coupling, and thus the device may not work. In
order to prevent this, it is known to include two or three,

generally or substantially orthogonal, front-end circuits in the

ing circuits; in particular and without limitation the condi
tioning circuit may comprise an active peak ampli?er circuit.
hold comparator or a peak level comparator, and produces a

speci?c output, which may be a “high” output, if the condition
is met that its ?rst input exceeds its second input. The speci?c
output may be provided only whilst the condition is met, or
for a longer period.
[0009] In embodiments the variable load is stepwise vari
able. A stepwise variable load may be particularly convenient
to implement.
[0010] In embodiments a separate respective variable load
is connectable across each of the resonant circuits. However,
in other embodiments a single variable load is connectable
across each of the resonant circuits. Providing a single vari

transponder, in order to ensure that at least one circuit is well

able load which is connectable, for instance by switching, to

coupled to the ?elds. Each front-end circuit may be consid

each of the resonant circuits may allow for a generally lower

ered as a separate channel. An immobilizer device includes

component count, and in particular fewer passive compo

three orthogonally-oriented antennas con?gured to receive a
signal from a ?eld generated by a base station is disclosed in

nents; however this may be at the expense of a more complex
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as straightforward to ensure the total load is the same across

US2012/0105219.
[0005] In order to utilise the available energy most ef?

each of the channels, should that be required or desirable.
[0011] In embodiments the antennae are con?gured to be
coupled, in use, to the near ?eld of the electromagnetic ?eld.
Alternatively or in addition, the antennae may be con?gured
to be coupled, in use, to the far ?eld of the electromagnetic
?eld.
[0012] According to another aspect there is provided a
method of operating a transponder having a multichannel

ciently, it may be desirable to choose one of the two or three

separate channels, and transmit information only on that
channel, disabling the other channels. Such a system is dis

closed in United States patent application publication number
US 2010/0290368, which discloses a half-duplex RFID tran
sponder with an integrated three-dimensional front-end cir
cuit which includes three LC resonant circuits arranged in a
three-dimensional con?guration. A channel selector is
adapted to detect which one of three storage capacitors asso

ciated with respective channels, is ?rst charged with a thresh

circuit particularly as regards the switching, and it may not be

front-end circuit, and being in an electromagnetic ?eld,
wherein each channel comprises a resonant circuit associated

with a respective antenna, the method comprising: varying a
load across each of the resonant circuits; comparing a respec
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tive conditioned input derived from a respective voltage
across each of the resonant circuits with a predetermined

reference voltage; and determining which channel is most
strongly coupled to the ?eld, in response to the comparison.
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[0026] FIG. 1 illustrates the variation of conditioned input
voltage with coupled ?eld strength for a ?eld-supplied tran
sponder, at curve 1 1 0, and plots the conditioned input voltage,
Vin, on the y-axis or ordinate against the coupled ?eld

[0013] The voltage across each resonant circuit may be
recti?ed and may be connected to a ground by a parallel
combination of a capacitor and a resistor, to derive the respec

strengths on the x-axis or abscissa. As will be discussed in
more detail below with reference to FIG. 3, the conditioned

tive conditioned input voltage. The capacitor may be a
smoothing capacitor. The resistor may be a dissipating resis
tor. The circuit may provide for shaping an envelope of the

has been recti?ed by a recti?er 324 and subjected to further

input voltage.

?eld strength, shown at 111, the ?eld is not strong enough to
result in any conditioned input voltage in the transponder. As

[0014] In embodiments varying a load across each of the
resonant circuits comprises a stepwise variation of the load.
In embodiments a separate respective variable load is con
nectable across each of the resonant circuits. In embodiments
the antennae are con?gured to be coupled, in use, to the near

?eld of the electromagnetic ?eld.
[0015] These and other aspects of the invention will be
apparent from, and elucidated with reference to, the embodi
ments described hereinafter.

BRIEF DESCRIPTION OF DRAWINGS

[0016] Embodiments of the invention will be described, by
way of example only, with reference to the drawings, in which
[0017] FIG. 1 illustrates the variation of input voltage with
?eld strength for a ?eld supplied transponder;
[0018]

FIG. 2 shows the coupling between a ?eld vector

and three orthogonal directions;
[0019] FIG. 3 shows the system overview of a transponder
having a multichannel front-end circuit comprising three
channels according to an embodiment;
[0020] FIG. 3a shows a pair of grounded, variable resistors;
[0021] FIG. 4 shows the effect of increasing a variable coil
load, on the relationship between the input voltage and ?eld

strength;
[0022] FIG. 5 shows the variation of input voltage with load
for three different couples channels; and
[0023]

FIG. 6 illustrates a method according to embodi

ments of for selecting the most strongly coupled channel.
[0024] It should be noted that the Figures are diagrammatic
and not drawn to scale. Relative dimensions and proportions
of parts of these ?gures have been shown exaggerated or
reduced in size, for the sake of clarity and convenience in the
drawings. The same reference signs are generally used to
refer to corresponding or similar feature in modi?ed and
different embodiments
DETAILED DESCRIPTION OF EMBODIMENTS

[0025] Detection of the ?eld strength may be based on the
input voltage of each channel, where the channels may cor

respond to different, generally orthogonal, orientations of the
antenna coil in a front-end circuit of a transponder. However,

input voltage Vin is related to the input voltage, at Vant, but
conditioningitypically by an envelope shaper 325 as shown
in FIG. 3 or an active peak circuit. Below a particular coupled

the ?eld strength increases, the conditioned input voltage
amplitude increases approximately linearly until it reaches a
knee, shown at 112, at which value the amplitude becomes

almost constant with increasing coupled ?eld strength. This
may be considered to be the result of two effects: ?rstly, a
recti?er is often connected to the input in order to scavenge

energy from the input ?elds. Secondly such transponders
typically comprise a voltage limiter circuit. A voltage limiter
circuit provides for protection of the device, and may have a
relatively steep response is such that, with increasing your
?eld strength, the input amplitude is generally ?at. As men
tioned above, in this case no conditioned input voltage results
unless the coupled ?eld strength is at least equal to a certain
minimum value as shown at 111. This offset may result from

the inclusion of the recti?er in the conditioning circuit, and
thus the corresponding voltage offset on the y-axis may be
equivalent to the smallest threshold voltage of the diodes (or
transistors) used in the recti?er. In other circuits, in which a
recti?er is not included, the offset may not be present, and the
steep part 120 of the curve may start at the origin.

[0027] FIG. 1 includes example coupled ?eld strengths for
three channels, ch1, ch2 and ch3, which may correspond to

front-end circuits having generally substantially orthogonal
loop antennae. As shown, the conditioned input voltage on
channel 1, shown at 120, is less than the maximum condi
tioned input voltage, since it is on the steep part of the curve.
However the conditioned input voltages on channels two and
three, shown at 130 and 140 respectively, are substantially the
same, since they both lie on the voltage limited part of the
response curve. Thus from merely measuring the conditioned
input voltage, it is not possible to determine whether there is
a stronger coupling to channel 2 or to channel 3.

[0028] FIG. 2 illustrates the coupling of a ?eld 210, which
typically for an RFID application may be the “near ?eld”, to
three orthogonal directions corresponding to the X axis 220,
theY axis 230, and the Z axis 240. As will be appreciated by

the skilled person, the coupling corresponds to the dot prod
uct between the ?eld vector and a vector representing each of
the axes. Thus, in the case of a multichannel transponder

which has three front end circuits having orthogonal respec
tive loop antenna with a vector axis 250, and aligned to the X,
Y, and Z axis as shown, the skilled person will appreciate that

protection is typically required, in order to keep the devices
within allowed voltage range for the process which generally

the coupling of the ?eld into the antenna will depend on the
relative orientation of the ?eld to the antennae.
[0029] FIG. 3 shows the system overview of a transponder
310 comprising a multichannel front-end circuit having three
channels 320, 330 and 340. Each front-end circuit has an
antenna circuit, which comprises an antenna 321, 331, 341

has a relatively steep response. The combination of these two

which may an inductor in form of a loop or coil, with corre

transponders typically include recti?ers for energy harvest
ing, and the largest part of the current is drawn from the
strongest channel, which would reduce the voltage difference
between channels. Moreover, a voltage limiter for device

effects results in the amplitude of the input voltage signal

sponding resistance 322, 332, 342 and capacitance 323, 333,

generally not showing suf?cient variation all over most of the
?eld strength range. This is shown in FIG. 1.

343. Together these form a resonant circuit 328, 338, 348. An
input voltage Vant may be seen across the antenna circuit. The
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input voltage Vant from the antenna circuit is conditioned by
means of an envelope shaper, 329, 339, 349, and supplied as
one input, env1, env2, env3 to a comparator 326, 336, 346.
The envelope shaper includes a recti?er 324, 334, 344 to
convert the AC antenna voltageVant to a DC signal. As will be
familiar to the skilled person, the envelope shaper may, as

shown in FIG. 3 at 325, 335, 345, may comprise a capacitor to
smooth the voltage which has been recti?ed by the recti?er
234, and a load to allow for the slow dissipation of charge, in
order to allow the DC voltage to follow a falling input voltage
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part of the resistance 322 of the antenna circuit. In other
embodiments the variable load may comprise a capacitance,
and may in particular a variable capacitance. The skilled
person will appreciate that the effect of a variable capacitance
would be to de-tune the circuit, rather than directly increase

the load; directly increasing the load may in general be sim
pler or more straightforward to implement, Curves 411, 412,
413, 414 correspond to increasing values of the variable load
327 (indicated by 419). It will be observed that, as the load
increases, the rate of change of conditioned input voltage with

slowly, and thereby avoid that the signal would always stay

increasing ?eld strength decreases: as a result, the knee of the

high. In other embodiments, a biased current to ground may
be used instead of the resistor. In the circuit shown, this
resistor may be the only means to dissipate charge. In other

curve at which the voltage limiter starts to limit the condi
tioned input voltage moves to the right, that is to say, to a

higher coupled ?eld strength.

embodiments, as the skilled person will appreciate, an enve

[0034]

lope shaper is not included, but other conditioning circuitry
may be applied. In particular, the conditioning circuit may

ch1, ch2 and ch3, for the three channels corresponding to
generally orthogonal antenna described with reference to

The ?gure also shows the coupled ?eld strengths,

include an active peak circuit: such a circuit may include an

FIG. 1. As can be seen, as the load increases, it becomes

ampli?er, and detect the peak voltage and then condition the
voltage, for instance by a sample and hold mechanism.
[0030] The conditioned input signal is supplied as one
input, env1, env2, env3 to a comparator 326, 336, 346. The

possible to distinguish between the relative levels of cou
pling, not just of ch1, but ch2 and ch3. In particular, with a

other input to the comparator is a threshold voltage vref. The
comparator 326, 336, 346 thus determines whether the con

large load, corresponding to curve 414, separate conditioned

input voltages 414(1), 414(2) and 414(3) are measurable.
Thus, by increasing the load, it is possible to determine which
of the channels has the strongest coupling to the ?eld.

ditioned input voltage exceeds a reference voltage vref, and

[0035]

provides an output to common control logic 350.

such as is shown in curve 414, is inef?cient since a relatively

[0031]

large amount of power is wasted in the load. By making the
load variable or switchable, it may be possible to apply that
load during only a part of the operational time, in order to not

Connected to the resonant circuit 328, 338, 348, that

is to say, included in or coupled across it, for each of the

front-end circuits, is a variable load 327, 337, 347. As shown
in FIG. 3 this variable load may be a resistive load. Alterna

tively or in addition it may comprise a reactive component. By
including a variable load in the circuit, a change in the ?eld
strength may result in a change in the conditioned input
voltage, which varies with the load; as a result, as will be
described in more detail hereinbelow, it may be possible to
distinguish between the coupling of different antenna to the
?eld. The variable load may be a single variable resistor, as

shown in 327; alternatively and without limitation, the vari
able load may comprise two resistors 327a, 327b, each
grounded, as shown in FIG. 3a. Furthermore, it will be appre

ciated, that although the ?gures depict continuously variable
resistors, the resistor may alternatively be step-wise vari
ableisuch as, for instance may be provided by a network of
resistors and will be familiar to the skilled person.
[0032] Although, as shown in FIG. 3 a separate variable

It will be appreciated that providing a high load,

waste this power during normal operation and once the stron
gest coupled channel has been identi?ed or established.
[0036] FIG. 5 shows curves of the measurable conditioned
input voltage Vin, on the y-axis or ordinate, as the load is
increased, with the load being shown on the x-axis or

abscissa, for a speci?c or ?xed ?eld strength. For complete
ness, it should be mentioned, that although the ?gure is not
drawn to scale, in general, the x-axis will be a linear scale,
whereas the y-axis will be a logarithmic scale. For low values
of the variable load, the conditioned input voltage from each
of the channels is limited by the voltage limiter to the value
shown at Vlim. As the load is increased, ch1, which is the
most weakly coupled channel, no longer can provide suf?

load is provided in each of the channels, in other embodi

cient power to power the variable load at the limit voltage, and
as a result the conditioned input voltage starts to fall, as shown
at 511. The same effect occurs for the other two channels, at
higher values of the variable load, as shown at 513 and 512

ments one or more variable loads may be provided which may

respectively. Considering now a lower voltage level, shown in

be switched between the channels. This may provide a saving
in terms of the number of components which are required.

FIG. 5 as Vref, it will be apparent to the skilled person that, as
the variable load is increased, the order in which the condi

Similarly it may be possible to replace the separate compari

tioned input voltage of the respective channels falls below

son circuits for vref, with a single circuit which is switchable
between channels. However, such a circuit may require addi

Vref corresponds to the order of the coupling of the channels
to the ?eldiwith the weakest channel being the ?rst to fall

tional complexity.

below Vref, and the strongest coupled channel being the last

[0033] FIG. 4 shows the effect of increasing the value of the
variable load on the relationship between the conditioned

to fall below Vref, as the variable load is increased. Thus, by
using a threshold voltage, which may be a predetermined or
?xed voltage Vref, it may be possible to determine which
channel is most strongly coupled to the ?eld. Furthermore, it

input voltage and ?eld strength: the ?gure shows, on the
y-axis or ordinate, the conditioned input voltage resulting
from the coupling of an antenna to a ?eld. The ?eld strength
is plotted on the x-axis or abscissa. Each of the plots 410 to
414 corresponds generally to the curve 110 in FIG. 1. Curve

may be possible to determine which channels are more

410 corresponds directly curve 110, in which the variable

the one which ?rst falls below Vref.

load has a zero value. The skilled person will appreciate that
there may be a baseline load, in series with the variable load
327. However such a baseline load may be considered to be

[0037] The skilled person will appreciate that due to the
presence of three orthogonal directions corresponding to the

strongly coupled to the ?eld: in the case of three channels, the
two more strongly coupled channels will be those other than

three conventional Cartesian co-ordinates x, y and Z, in

US 2015/0031311A1

Euclidean geometry, it will be most common for there to be

three channels. However, there may be speci?c instance were
fewer or more than three channels are providedifor

instance, in circumstance involving tetrahedral geometries, or
others in which it may be desirable to ensure that there is at
least one channel which is more closely aligned to the ?rst
than at 45°. It such cases, it may be desirable to identify, for

instance, the two, or three more strongly coupled channel, in
which case, load may be increaseditypically stepwise, until
only the desired number of channels remain with their respec

tive conditioned input voltage higher than Vref.
[0038]

This effect allows for a convenient implementation

of a method to determine the channel which the mo st strongly

coupled (or the channels which are more strongly coupled) to
a ?eld, as illustrated with reference to FIG. 6. FIG. 6 shows,
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[0042] Although the appended claims are directed to par
ticular combinations of features, it should be understood that
the scope of the disclosure of the present invention also
includes any novel feature or any novel combination of fea
tures disclosed herein either explicitly or implicitly or any
generalisation thereof, whether or not it relates to the same
invention as presently claimed in any claim and whether or
not it mitigates any or all of the same technical problems as

does the present invention.
[0043] Features which are described in the context of sepa
rate embodiments may also be provided in combination in a

single embodiment. Conversely, various features which are,
for brevity, described in the context of a single embodiment,
may also be provided separately or in any suitable sub-com
bination. The applicant hereby gives notice that new claims

at chlok, ch2ok and ch3ok, the output of the respective com
parators for each of the three channels, as the load is stepwise

may be formulated to such features and/or combinations of

increased 610. As can be seen from the ?gure, as the load is

tion or of any further application derived therefrom.

such features during the prosecution of the present applica

stepwise increased, the signal chlok ?rst goes low, followed

[0044]

by ch3ok. As shown in this ?gure, for all values of the variable
load, the signal ch2ok remains high. The skilled person will
appreciate that, for instance by suitable choice of the maxi
mum value of the variable load, or by recording the value of
the variable load at which the most strongly coupled channel
goes low, it may be possible that this circuit, which may be
implemented as shown in FIG. 3, could be utilised not only to

term “comprising” does not exclude other elements or steps,
the term “a” or “an” does not exclude a plurality, a single
processor or other unit may ful?l the functions of several
means recited in the claims and reference signs in the claims
shall not be construed as limiting the scope of the claims.
1. A transponder comprising a multichannel front-end cir
cuit; each channel of the multichannel front-end circuit com

identify which is the strongest coupled channel, but whether
the coupling of the strongest couple channel is suf?cient to

prising:

enable reliable operation of the transponder.
[0039]

It will be appreciated that, once there has been iden

ti?cation of the strongest coupled channel or the more

strongly coupled channels, it may be possible to use this

For the sake of completeness it is also stated that the

a resonant circuit associated with a respective antenna and

producing, in use, an input voltage;
a conditioning circuit con?gured to provide a conditioned

input voltage from the input voltage, and

without limitation, it may be that only this (or these) channels

a comparator con?gured to compare the conditioned input
voltage with a reference voltage;
wherein the front-end circuit further comprises:

are used for communication, whilst all available channels are

a variable load connectable across each of the resonant

information for any of a variety of purposes. For instance and

used for energy harvesting. In other embodiments, all avail
able channels are used for energy harvesting, whilst only the
most strongly coupled channel or channels are used for com

munication. In still other embodiments, only the most
strongly coupled channels are used, for both communication
and harvesting. In yet other embodiments, all available chan
nels may be used to receive data, but only the most strongly
coupled channel or channels used to transmit data (whether
directly, or by modulation of a received signal).

[0040]

The skilled person will appreciate that, although

embodiments have been described above with reference to
three channels which are generally or substantially orthogo
nal, more or fewer than three channels may be used; moreover
the channels may be orthogonal, that is to say at 90° or at right

circuits, and a controller con?gured to, in use, vary the
variable load and detect an output from each of the

comparators.
2. A transponder according to claim 1, in which the condi
tioning circuit comprises a recti?er for rectifying the input

voltage.
3. A transponder according to claim 2, wherein the condi
tioning circuit further comprises a parallel arrangement of a
capacitor and a resistor, for producing a voltage envelope.
4. A transponder according to claim 1, in which the variable
load is stepwise variable.
5. A transponder according to claim 1, in which a separate
respective variable load is connectable across each of the

angles, to each other, or generally or substantially orthogonal,

resonant circuits.

which may be considered to be within either 10 or 5° of being
at 90° to each other; alternatively the channels need not be

nae are con?gured to be coupled, in use, to the near ?eld of the

6. A transponder according to claim 1, wherein the anten

orthogonal, or generally or substantially orthogonal. The
skilled person will also appreciate that, although embodi

electromagnetic ?eld.

ments above have been described with reference to RFID

nae are con?gured to be coupled, in use, to the far ?eld of the

transponders or other transponders operating in the near ?eld,
the invention need not be limited thereto, and may be appli

electromagnetic ?eld.

7. A transponder according to claim 1, wherein the anten

cable to devices systems operating in a far ?eld .

8. A method of operating a transponder having a multi
channel front-end circuit, and being in an electromagnetic

[0041]

?eld, wherein each channel comprises a resonant circuit asso

From reading the present disclosure, other varia

tions and modi?cations will be apparent to the skilled person.
Such variations and modi?cations may involve equivalent
and other features which are already known in the art of
transponders, and which may be used instead of, or in addi

tion to, features already described herein.

ciated with a respective antenna, the method comprising:
varying a load across each of the resonant circuits;

comparing a respective conditioned input voltage derived
from a respective voltage across each of the resonant

circuits with a predetermined reference voltage; and
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determining at least one of Which channel is mo st strongly
coupled to the ?eld and Which channels are more

strongly coupled to the ?eld, in response to the compari
sons.

9. The method of claim 8, Wherein the voltage across each
resonant circuit is recti?ed, and then connected to a ground by
a parallel arrangement of a capacitor and a resistor, to derive

the respective conditioned input voltage.
10. The method of claim 8, in Which a separate respective
variable load is connectable across each of the resonant cir

cuits.
11. The method of claim 8, Wherein the varying a load
across each of the resonant circuits comprises a stepWise
variation of the load.
12. The method of claim 8, Wherein the antennae are con

?gured to be coupled, in use, to the near ?eld of the electro

magnetic ?eld.
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