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(54) Transponder

(57) A transponder 202 is provided comprising an
antenna 160, such as an antenna coil, for inductively cou-
pling the transponder to a reader through an electromag-
netic field, transferring energy from the reader to the
transponder, the electromagnetic field alternating with a
carrier frequency, a rectifier 220 having an antenna side
coupled to the antenna for receiving an alternating cur-
rent from the antenna and a transponder side for supply-
ing the transponder with a direct current, and optionally

a subcarrier modulator 210 for modulating a subcarrier
wave with a data signal to obtain a transmit signal. The
subcarrier modulator is coupled to the transponder side
of the rectifier so that the rectifier modulates the electro-
magnetic field with the transmit signal so that the transmit
signal is transmitted to the reader. By using a rectifier
both for converting alternating current to direct current
and as an analog mixer, increased range of the trans-
ponder is achieved without the need of generation and
synchronization of a carrier wave.
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Description

FIELD OF THE INVENTION

[0001] The invention relates to a transponder compris-
ing an antenna to receive a reader generated electro-
magnetic field, transferring energy from the reader to the
transponder, the electromagnetic field alternating with a
carrier frequency, a rectifier having an antenna side
linked to the antenna for receiving an alternating current
from the antenna and a transponder side for supplying
the transponder with a direct current, and a subcarrier
modulator for modulating a subcarrier wave with a data
signal to obtain a transmit signal.

BACKGROUND OF THE INVENTION

[0002] Transponders, such as RFID or NFC systems,
rely on electromagnetic waves exchange and especially
in the near-field on inductive coupling with a reader for
power and data transmission. The transponder often
comprises an electronic data carrying device, usually a
single microchip and an antenna, e.g., a large area coil
that functions as an antenna.
[0003] Data may be transferred from the transponder
to the reader using load modulation. If a transponder is
placed within the magnetic alternating field of the reader’s
antenna, then this draws energy from the electromagnet-
ic field. This additional power consumption can be meas-
ured at the reader. By switching a load resistance at the
transponder’s antenna, data may be transferred through
this effect.
[0004] However, as transponders are getting smaller,
the load modulation effect becomes less effective. A
small transponder antenna does not accumulate enough
energy from the reader field. Therefore the coil voltage
for demodulation is too low even on the transistor used
for load modulation. Also the coupling back to the reader
is poor.
[0005] The data transfer may be improved by adding
a battery power supply. In this case active modulation of
a carrier wave may be used instead of passive load mod-
ulation. This approach has the drawback that the carrier
frequency (fc) used for the modulation needs to have
exactly the same phase as the carrier frequency that is
received by the transponder. Such synchronization is dif-
ficult to achieve and requires additional synchronization
circuits.

SUMMARY OF THE INVENTION

[0006] It would advantageous to have an improved
transponder alleviating these and other problems.
[0007] A transponder is provided comprising an anten-
na for receiving a reader generated electromagnetic field,
transferring energy from the reader to the transponder,
the electromagnetic field alternating with a carrier fre-
quency, a rectifier having an antenna side linked to the

antenna for receiving an alternating current from the an-
tenna and a transponder side for supplying the trans-
ponder with a direct current, and a data signal source for
generating an electronic data signal encoding digital in-
formation, wherein the data signal source is coupled to
the transponder side of the rectifier, the rectifier modu-
lating the electromagnetic field with the data signal so
that the data signal is transmitted to the reader.
[0008] The rectifier functions to rectify the alternating
current received from the reader and to supply direct cur-
rent to the transponder. It was an insight of the inventor
that a rectifier also functions as an analog mixer. By cou-
pling a data source to the transponder side of the rectifier,
the rectifier will modulate the electromagnetic field with
the data signal, thus transmitting the data signal, to the
reader. The data signal may be modulated on the carrier
signal directly, or via a subcarrier modulator that first
modulates a subcarrier wave with the data signal. For
example, direct modulation may be done by modulating
the data signal on the electromagnetic field via amplitude
modulation. Direct modulation is particularly advanta-
geous when the transponder is an UHF-RFID. For a UHF-
RFID, preferably a UHF-RFID antenna is used for the
antenna. The data source may be comprised in a trans-
ponder circuit which received power from the rectifier.
For example, the data source may be a digital circuit.
The data source may generate the data signal, in part,
using software, but software is not necessary. The data
source may use a conventional baseband signal e.g. us-
ing Manchester Coding for to encode digital data. The
digital data may comprise an identifier. The bit rate of the
data signal may be 106 kBit/s.
[0009] An embodiment having a subcarrier modulator
is the following: A transponder comprising an antenna
for receiving a reader generated electromagnetic field,
transferring energy from the reader to the transponder,
the electromagnetic field alternating with a carrier fre-
quency, a rectifier having an antenna side coupled to the
antenna for receiving an alternating current from the an-
tenna and a transponder side for supplying the trans-
ponder with a direct current, and a subcarrier modulator
for modulating a subcarrier wave with a data signal to
obtain a transmit signal, wherein the subcarrier modula-
tor is coupled to the transponder side of the rectifier, the
rectifier modulating the electromagnetic field with the
transmit signal so that the transmit signal is transmitted
to the reader.
[0010] The rectifier functions to rectify the alternating
current received from the reader and to supply direct cur-
rent to the transponder. It was an insight of the inventor
that a rectifier also functions as an analog mixer. By cou-
pling a subcarrier modulator to the transponder side  of
the rectifier, the rectifier will modulate the electromagnet-
ic field with the transmit signal, thus transmitting the trans-
mit signal, and thus the data signal, to the reader.
[0011] A subcarrier modulator is necessary, e.g. with
UHF-RFID, because the rectifier acting as a mixer could
directly modulate the data signal on the carrier signal via
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amplitude modulation.
[0012] In an embodiment the transponder comprises
a transponder circuit, coupled to the transponder side of
the rectifier. The transponder circuit is configured to per-
form the tasks of the transponder. For example, the trans-
ponder circuit may comprise a non-volatile memory stor-
ing an identifier. The transponder circuit may comprise
sending circuitry to transmit the identifier to the reader.
The transponder circuit may generate the data signal,
possibly using some bit code.
[0013] In an embodiment, the transponder comprises
a voltage source coupled to the transponder side of the
rectifier and the transponder circuit. The voltage source
drives the transponder circuit. The voltage source pro-
vides the transmit power. By using a voltage source the
range of the transponder is increased, compared to pas-
sive load modulation. The voltage source, e.g. the ca-
pacitor, acts as a power supply; as such it is not needed
to obtain the mixer functionality of the rectifier. A voltage
source, e.g., a battery, may be used giving the advantage
of increased range without the disadvantage of needing
a synchronization circuit, e.g., a PLL.
[0014] In an embodiment, the voltage source is a ca-
pacitor arranged for charging from the rectifier. Using a
capacitor has the advantage that no battery is needed,
yet the advantage of increased range, is still retained.
The extension of range through carrier wave modulation
was previously only possible in battery powered trans-
ponder. On the other hand use of a battery as the voltage
source is also possible. Using a battery has the advan-
tage of being independent or less dependent upon the
reader’s field, while still no synchronization circuit for syn-
chronizing with the carrier frequency is needed. The
transponder may also use a rechargeable battery, which
may be charged in the reader’s field like the capacitor.
[0015] The capacitor has to be chosen to smooth the
carrier frequency, but not to suppress (smooth) the base-
band transmit signal. Such a capacitor may be obtained
by using a range of values for the capacitor and observing
the smoothing. A capacitor where the smoothing is suf-
ficient for the transponder to function, yet not yet
smoothes out the baseband transmit signal may be se-
lected for use. If a higher power is needed, then a second
capacitor may be used, separated from the smoothing
capacitor with a resistor or a coil. For very high power
demand an additional charge pump may be used to load
the capacitor to higher levels.
[0016] The antenna side of the rectifier comprises two
connecting points, for receiving the antenna in between
the two connecting points, i.e., the antenna is a parallel
to the rectifier’s antenna side. The rectifier’s transponder
side comprises two connecting points. Of the transpond-
er side, one point is referred to as the minus point (-).
The other connecting point of  the rectifier’s transponder
side is referred to as the plus point (+). The transponder
circuit is connected to the plus point and the minus point
(-). The subcarrier modulator may also be connected to
the plus point and the minus point (-). The voltage source

may be connected between the plus point and the minus
point (-). The connecting points are also referred to as
’pins’.
[0017] A reservoir capacitor, also known as a smooth-
ing capacitor, lessens the variation in the rectified AC
output voltage waveform from the rectifier.
[0018] In an embodiment, the rectifier is a full wave
rectifier. In an embodiment, the rectifier is a diode bridge.
A diode bridge that may be used has four diodes.
[0019] In an embodiment a capacitor is connected in
parallel with the transponder’s antenna, the capacitance
of which is selected such that it combines with the coil
inductance of the antenna coil to form a parallel resonant
circuit, with a resonant frequency that corresponds with
the carrier frequency of the reader. High currents are
generated in the antenna coil of the reader by resonance
step-up in the parallel resonant circuit, which can be used
to generate the required field strengths for the operation
of the remote transponder.
[0020] A transponder is provided comprising an anten-
na, such as an antenna coil, for inductively coupling the
transponder to a reader through an electromagnetic field,
transferring energy from the reader to the transponder,
the electromagnetic field alternating with a carrier fre-
quency, a rectifier having an antenna side coupled to the
antenna for receiving an alternating current from the an-
tenna and a transponder side for supplying the trans-
ponder with a direct current, and a subcarrier modulator
for modulating a subcarrier wave with a data signal to
obtain a transmit signal. The subcarrier modulator is cou-
pled to the transponder side of the rectifier so that the
rectifier modulates the electromagnetic field with the
transmit signal so that the transmit signal is transmitted
to the reader. By using a rectifier both for converting al-
ternating current to direct current and as an analog mixer,
increased range of the transponder is achieved without
the need of generation and synchronization of a carrier
wave.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] These and other aspects of the invention are
apparent from and will be elucidated with reference to
the embodiments described hereinafter. In the drawings,

Figure 1 and 2 show transponders that do not use a
rectifier as an upconverting modulator,
Figure 3 and 4 show transponders that use a rectifier
as an upconverting modulator,
Figure 5 shows a rectifier for use in figure 3 or 4.

[0022] It should be noted that items which have the
same reference numbers in different Figures, have the
same structural features and the same functions, or are
the same signals. Where the function and/or structure of
such an item has been explained, there is no necessity
for repeated explanation thereof in the detailed descrip-
tion.
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List of Reference Numerals:

[0023]

100 a transponder
110 a sub-carrier modulator
112 a carrier modulator
120 a rectifier
130 a transponder circuit
140 a capacitor
152 a switch
160 an antenna
200,202 a transponder
210 an and-gate
220 a diode bridge
230 a transponder circuit
240 a capacitor
260 a coil
500 a rectifier
512-518 a switch
522 a plus pin
524 a minus pin
530 an antenna side

DETAILED EMBODIMENTS

[0024] While this invention is susceptible of embodi-
ment in many different forms, there is shown in the draw-
ings and will herein be described in detail one or more
specific embodiments, with the understanding that the
present disclosure is to be considered as exemplary of
the principles of the invention and not intended to limit
the invention to the specific embodiments shown and de-
scribed.
[0025] Figure 1 illustrates a transponder 100. Trans-
ponder 100 comprises an antenna 160. For example,
antenna 160 may be an antenna coil or electric antenna
of the transponder. Through antenna 160, the transpond-
er may be inductively coupled to a reader and/or receive
a  reader signal. Antenna 160 may be an electrical an-
tenna, such as may be used in UHF-RFID. The inductive
coupling of the transponder to a reader is without direct
electrical contact between the reader and the transpond-
er.
[0026] The reader’s antenna generates a strong, high
frequency electro-magnetic field, which penetrates the
cross-section of the area around the antenna 160. The
frequency is referred to as the carrier frequency.
[0027] Transponder 100 comprises a rectifier 120 for
converting alternating current (AC), which periodically re-
verses direction, to direct current (DC). The direct current
powers a transponder circuit 130, and charges a capac-
itor 140. This means that, all or part, of the energy needed
for the operation of the microchip may be provided by
the reader. Transponder circuit 130 may be seen as a
power supply sink.
[0028] Data is which is to be sent from the transponder
to a reader is encoded in a bit code. A modulator 110

modulates a subcarrier (denoted fs) with the bit code.
The modulation may, e.g., be of ASK, PSK or FSK type.
An often used carrier and subcarrier frequency are 13.56
MHz and 847.5 kHz respectively. The output of modulator
110 is referred to as the base-band transponder transmit
signal.
[0029] In Figure 1, the base-band transponder transmit
signal selectively connects a resistor 154 parallel to an-
tenna 160 through a switch 152 that may be implemented
as a FET. In figure 2, the base-band transponder transmit
signal modulates a carrier wave, by a second modulator
112. The output of second modulator 112 may be con-
nected directly to antenna 160.
[0030] A drawback of figure 1 is that the amount of load
is limited by what has just been transmitted by the reader,
this limits how small antenna 160 can be, and across
what distance data may be transferred. A drawback of
figure 2 is that the carrier wave used by second modulator
112 needs precise synchronization with the carrier wave
used by the reader.
[0031] Figure 3 illustrates a transponder in which the
rectifier has a dual use. On the one hand the rectifier is
used to convert the energy obtained from the reader via
the inductive field from alternating to direct current. On
the other hand the rectifier is also used as an analog
mixer for performing an analog multiplication between
the base-band transponder transmit signal and the car-
rier wave.
[0032] Transponder 200 comprises a transponder cir-
cuit 130 configured to perform whatever task is needed
from the transponder. Transponder circuit 130 may com-
prise memory, for example a non-volatile memory. The
non-volatile memory may comprise a non-volatile mem-
ory, e.g. storing an identification number. The transpond-
er circuit 130 may comprise digital gates, e.g. configured
to compute a response to a message received from the
reader.
[0033] Like the transponders of figures 1 and 2, the
transponder of figure 3 comprises an antenna 160, e.g.
an antenna coil or an electric antenna, for inductively
coupling the  transponder to a reader through an elec-
tromagnetic field, transferring energy from the reader to
the transponder. The electromagnetic field alternates
with a carrier frequency. There is no direct electrical con-
tact between the reader and the transponder, energy and
information is transmitted wirelessly through the electro-
magnetic field.
[0034] Transponder 200 further comprises a rectifier
120, preferably a full wave rectifier. As in figures 1 and
2 the rectifier has an antenna side coupled to the antenna
for receiving an alternating current from the antenna and
a transponder side coupled to the transponder circuit for
providing a direct current thereto. Rectifier 120 may be,
e.g., a diode bridge, a transistor rectifier, a silicon-con-
trolled rectifier (SCR), and the like.
[0035] At the antenna side rectifier 120 has two con-
nection points (’pins’) coupled to antenna 160. At the
transponder side rectifier 120 has two connection points
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(’pins’), one is referred to as ’minus’, the other is referred
to as ’plus’. The pins on the transponder side supply a
direct current. The pins on the antenna side receive an
alternating current from the antenna through the reader
generated field. Voltage source 140 runs between the
connection points (’pins’) at the transponder side of rec-
tifier 120.
[0036] During operation, if the transponder is brought
in the vicinity of the electromagnetic field from a reader,
i.e., an inductive or electromagnetic field, an alternating
current is generated in antenna 160. Rectifier 120 con-
verts the alternating current to a direct current, which may
be used to power the whole transponder, in particular
transponder circuit 130.
[0037] Transponder 200 further comprises a capacitor
140. Capacitor 140 is also coupled to rectifier 120. Ca-
pacitor 140 is charged by the direct current coming from
the rectifier. The charged capacitor 140 may temporarily
power the transponder, if the power obtained from the
inductive field is temporarily insufficient. Capacitor 140
smoothens the signal coming from rectifier 120.
[0038] Transponder 200 further comprises a subcarri-
er modulator 110 for modulating a subcarrier wave with
a data signal to obtain the base-band transponder trans-
mit signal. The modulation preferably uses amplitude or
phase modulation. Frequency modulation is also possi-
ble. The output of the subcarrier modulator 110 which
has the base-band transponder transmit signal is con-
nected to the transponder side of the rectifier 120. A car-
rier frequency that is sometime used is 13.56 MHz; a
subcarrier frequency that is sometimes with that carrier
frequency is 847,5kHz.
[0039] During operation when the subcarrier modula-
tor 110 produces a baseband transmit signal, the rectifier
receives the baseband signal from modulator 110 at the
transponder side. The rectifier acts as a mixer, and mod-
ulates the carrier wave received by antenna 160. In this
was the baseband signal is upconverted. Note that there
is no need to generate the carrier wave by the transpond-
er itself. In particular there is no need for synchronizing
with the carrier wave. Note that synchronizing is a rela-
tively complicated operation on a transponder, requiring
e.g. a PLL.
[0040] Figure 4 illustrates a transponder 202 which
also uses a rectifier as an upconverting modulator.
[0041] Like the transponder of figure 3, transponder
202 comprises a subcarrier modulator 210, a rectifier
220, a coil 260, a capacitor 240 and a transponder circuit
230.
[0042] In Figure 4, Subcarrier modulator 110 has been
implemented as an ’and gate’ 210. And-gate 210 is used
for OOK (on off keying) modulation. Instead, Subcarrier
modulator 110 may be implemented with an exor-gate
for BPSK (binary phase shift) modulation. Modulator 210
has two input gates: one receiving a subcarrier wave,
e.g. coming from a subcarrier generator of the transpond-
er (not shown), and a bit-code. The bit-code encodes a
digital data signal which is to be sent to the reader. The

bit-code is typically generated by the transponder circuit.
The bit-code may be encoded, e.g., using Manchester
coding.
[0043] As an example, the rectifier is implemented in
figure 4 as a diode bridge. Rectifier 220 has two connec-
tion points (’pins’) at the antenna side coupled to antenna
260. Rectifier 220 has two connection points (’pins’) at
the transponder side, one is referred to as ’minus’, the
other is referred to as ’plus’. The pins on the transponder
side supply a direct current. The pins on the antenna side
receive an alternating current. Capacitor 240 runs be-
tween the connection points (’pins’) at the transponder
side of rectifier 220.
[0044] The output of modulator 210, having the base-
band transmit signal, is coupled to ’minus’ via capacitor
240, and to the plus pin of the transponder side of rectifier
220.
[0045] In figure 4, rectifier 220 is implemented as a
diode bridge. A diode bridge is a specific implementation
of a rectifier. Diode bride 220 comprises 4 diodes. Rec-
tifier 220 has an antenna side, having two inputs coupled
in parallel to antenna coil 260 and a transponder side
having two output pins. One of the outputs is referred to
a ’ground’. The diode bridge functions as a rectifier for
the alternating current received from the coil. Surprising-
ly, the diode bridge also functions as a diode mixer for
the baseband transmit signal received at the transponder
side.
[0046] Capacitor 140 and 240 in figure 3 and 4 respec-
tively may be replaced more generally with a voltage
source, e.g., by a battery to improve the range over which
the transponder may be received. Even in this case no
synchronization with the carrier wave is needed.
[0047] Figure 5 show a rectifier 500 that may be used
for rectifier 120, or in place of rectifier 220. The rectifier
is a bridge comprising 4 ’switches’. The rectifier of Figure
5 comprises 4 switches 512, 514, 516 and 518 arranged
as a bridge. The switches 512-518 may be implemented
with MOSFETs. A plus point is indicated with 522. A mi-
nus point is indicated with 524. The alternating current
is connected at 530.
[0048] Rectifier 500 may be used in figure 3 to imple-
ment rectifier 120. A coil 160 or antenna would be con-
nected at 530. Capacitor 140 and transponder circuit 130
connected  between plus 522 and minus 524. Rectifier
500 may also be used in figure 4 to replace Diode Bridge
220.
[0049] It should be noted that the above-mentioned
embodiments illustrate rather than limit the invention, and
that those skilled in the art will be able to design many
alternative embodiments.
[0050] In the claims, any reference signs placed be-
tween parentheses shall not be construed as limiting the
claim. Use of the verb "comprise" and its conjugations
does not exclude the presence of elements or steps other
than those stated in a claim. The article "a" or "an" pre-
ceding an element does not exclude the presence of a
plurality of such elements. The invention may be imple-
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mented by means of hardware comprising several dis-
tinct elements, and by means of a suitably programmed
computer. In the device claim enumerating several
means, several of these means may be embodied by one
and the same item of hardware. The mere fact that certain
measures are recited in mutually different dependent
claims does not indicate that a combination of these
measures cannot be used to advantage.

Claims

1. A transponder (200, 202) comprising

- an antenna (160) for receiving a reader gen-
erated electromagnetic field, transferring ener-
gy from the reader to the transponder, the elec-
tromagnetic field alternating with a carrier fre-
quency,
- a rectifier (120, 220) having an antenna side
linked to the antenna for receiving an alternating
current from the antenna and a transponder side
for supplying the transponder with a direct cur-
rent, and
- a data signal source for generating an elec-
tronic data signal encoding digital information,
wherein
- the data signal source is coupled to the trans-
ponder side of the rectifier, the rectifier modu-
lating the electromagnetic field with the data sig-
nal so that the data signal is transmitted to the
reader.

2. A transponder as in claim 1, wherein the rectifier is
configured to modulate the data signal on the elec-
tromagnetic field via amplitude modulation.

3. A transponder as in claim 1, wherein the transponder
is an UHF-RFID.

4. A transponder (200, 202) as in any one of the pre-
ceding claims comprising

- a subcarrier modulator (110, 210) for modulat-
ing a subcarrier wave with the data signal to ob-
tain a transmit signal, wherein
- the subcarrier modulator is coupled to the
transponder side of the rectifier, the rectifier
modulating the electromagnetic field with the
transmit signal so that the transmit signal is
transmitted to the reader.

5. A transponder as in any one of the preceding claims,
wherein the antenna comprises a coil for inductively
coupling the transponder to a reader through the
electromagnetic field.

6. A transponder as in any one of the preceding claims,

comprising a transponder circuit (130, 230) coupled
to the transponder side of the rectifier.

7. A transponder as in any one of the preceding claims,
comprising a voltage source coupled to the trans-
ponder side of the rectifier and the transponder cir-
cuit, the voltage source driving the transponder cir-
cuit.

8. A transponder as in Claim 7, wherein the voltage
source is a capacitor arranged for charging from the
rectifier.

9. A transponder as in Claim 7, wherein the voltage
source is a battery.

10. A transponder as in any one of the preceding claims,
wherein the rectifier is a full wave rectifier.

11. A transponder as in any one of the preceding claims,
wherein the rectifier is a diode bridge.

12. A transponder as in any one of the preceding claims,
wherein the rectifier is a transistor rectifier or a sili-
con-controlled rectifier (SCR).
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