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Transceiving circuit for contactless communication

FIELD OF THE INVENTION
The invention relates to a transceiving circuit for contactless communication comprising:
transmitter means being adapted to generate an electromagnetic carrier signal, to
modulate the carrier signal according to transmitting data and to drive an antenna with the
modulated carrier signal, receiver means being adapted to sense response signals being
received at the antenna and to demodulate the response signals, wherein the transmitter
means are connected to the antenna by means of at least a first transmitting path, wherein a
first DC decoupling capacitor is switched into the first transmitting path, wherein a receiving
path branches off from the first transmitting path to the receiver means.

The invention further relates to an NFC device or an RFID reader/writer device.

BACKGROUND OF INVENTION

Figs. 1 and 2 show known implementations of transceiving circuits for
contactless communication. These transceiving circuits employ an integrated near field
communication transmission module 2, type no. PN511, manufactured by Philips
Semiconductors and external passive electronic components. The transmission module 2 is
integrally equipped with transmitter means 3 being adapted to generate an electromagnetic
carrier signal, to modulate the carrier signal according to transmitting data and to drive an
antenna 5 with the modulated carrier signal, and with receiver means 4 being adapted to
sense response signals being received at the antenna 5 and to demodulate the response
signals. The transmission module 2 has output terminals being connectable to first and
second transmitting paths TX1, TX2 wherein the transmitting paths TX1, TX2 are connected
to the antenna 5, being represented in the figures 1 and 2 by its equivalent circuit
components, namely capacitances Cext and inductances Lext. Between the transmission
module 2 and the antenna 5 the following devices are switched into the transmitting paths
TX1, TX2: an electromagnetic compatibility (EMC) filter comprising two inductors LO and
two capacitors C0; DC decoupling capacitors Cla; and an impedance matching network
comprising capacitors C2a and ohmic resistors Ra. Further, the transmission module 2 has an
input terminal that is connected to a receiving path RX that branches off from the first
transmitting path TX1. In Fig. 1 the branching point of the receiving path RX is located

between the DC decoupling capacitor Cla and the impedance matching network. The
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branching point has the same voltage as a first measuring point A on the first transmitting
path TX1. In Fig. 2 the branching point of the receiving path RX is located between the EMC
filter and the DC decoupling capacitor Cla. In this second embodiment the branching point
has the same voltage as a second measuring point B on the first transmitting path TX1. A
disadvantage of these known transceiving circuits is, that the voltage at the branching point
of the receiving path RX from the first transmitting path TX1 is not stable, but varies
depending on the load onto the antenna 5. The term “load onto the antenna” means that there
are one or more RFID devices or other resonant circuits within the range of the antenna 5 so
that the antenna 5 couples to these devices or circuits, which in turn results in detuning of the
antenna 5. It should be noted, that during manufacturing of the transceiving circuits the
antenna 5 is “tuned” by means of the impedance matching network. However, exact tuning
can only be achieved for one load state of the antenna 5 and hence varying loads inevitably
result in detuning of the antenna 5. The consequences for the voltage at the receiving path
caused by detuning of the antenna 5 depend on the location of the branching point of the
receiving path RX from the first transmitting path TX1, as can be seen in the graph of Fig. 4,
which depicts the voltages V measured at measuring points A and B, respectively, against a
normalized distance n between the antenna 5 and an RFID or NFC device or a reference
resonant circuit. The line A(n) represents the change of the voltage at measuring point A
when the distance between an RFID or NFC device or a reference resonant circuit 10 and the
antenna 5 is varied. The schematic measuring arrangement is shown in Fig. 6. It will be
appreciated that the voltage at measuring point A steadily increases with an increasing
distance between the antenna 5 and the RFID or NFC device or the reference resonant circuit
10, or in other words with a decrease of the load onto the antenna 5. The line B(n) represents
the change of the voltage at measuring point B when the distance between the RFID or NFC
device or the reference resonant circuit 10 and the antenna 5 is varied. It will be appreciated
that the voltage at measuring point B steadily decreases with an increasing distance between
the antenna 5 and the RFID or NFC device or the reference resonant circuit 10. Due to that
the receiver means 4 have to handle a very high dynamic range of the voltage that may be

applied to them.

OBJECT AND SUMMARY OF THE INVENTION
It is an object of the invention to provide a transceiving circuit for contactless
communication of the type defined in the opening paragraph and an NFC device, an RFID

reader/writer device or an RFID card device, in which the disadvantages defined above are
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avoided.

A transceiving circuit according to the invention can be characterized in the way
defined below, that is:

A transceiving circuit for contactless communication comprising:

transmitter means being adapted to generate an electromagnetic carrier signal, to
modulate the carrier signal according to transmitting data and to drive an antenna with the
modulated carrier signal,

receiver means being adapted to sense response signals being received at the
antenna and to demodulate the response signals,

wherein the transmitter means are connected to the antenna by means of at least a
first transmitting path, wherein a first DC decoupling capacitor is switched into the first
transmitting path,

wherein a receiving path branches off from the first transmitting path to the
receiver means,

wherein a second DC decoupling capacitor is switched into the first transmitting
path in series to the first DC decoupling capacitor,

and wherein the receiving path branches off from the first transmitting path at a
branching point being located between the first and second DC decoupling capacitors.

The characteristic features according to the invention provide the advantage that
the voltage at the receiving path RX remains stable and essentially constant even in the event
of varying loads at the antenna. Therefore, the dynamic range at the receiving path RX is
greatly reduced so that amplifying and decoding circuits of the receiving section of the
transmission module can be designed with less effort and higher performance. Further, it is
achieved that the voltages at the receiving path RX always remain within a predefined range,
even under negative influences of the environment, like external electromagnetic fields or
external resonance circuits. Finally, the whole performance of the transceiving circuit is
improved due to the fact that the voltage-level at the receiving path RX can be set higher
compared with circuits according to prior art, because this voltage is not influenced by
detuning of the antenna and due to the fact that higher voltages at the receiving path RX
enable better demodulating of the received signals.

The invention is applicable to both asymmetric and symmetric antenna
configurations. In the latter case, the transmitter means are connected to the antenna by a
second transmitting path, wherein a third DC decoupling capacitor is switched into the

second transmitting path. In order to achieve the best results with a symmetric antenna it is
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preferred to dimension the total capacity of the first and second DC decoupling capacitors
such that it is essentially equal to the capacity of the third DC decoupling capacitor.

In another embodiment of the invention, the ratio of the capacities of the first and
second DC decoupling capacitors is determined such that the voltage at the branching point
remains constant for varying loads onto the antenna.

In order to protect the transceiving circuit against electromagnetic surges and
other external signals, it is suggested to switch an electromagnetic compatibility filter into the
transmitting path(s) between the transmitter means and DC decoupling capacitors.

By switching an impedance matching network into the transmitting path(s)
between DC decoupling capacitors and the antenna, a very high ratio of the power of the
transmitted signals to the consumed electric power can be achieved.

In another embodiment of the invention a phase adjusting capacitor is switched
into the receiving path, enabling to adjust the phase of signals between the transmission path
and the receiving path, thereby achieving optimal demodulation.

In order to adjust the voltage level appearing at the receiving path, it is suggested
to serially switch an ohmic resistor into the receiving path.

The transceiving circuit according to the invention can be incorporated in an NFC
device, an RFID reader/writer device or an RFID card.

The aspects defined above and further aspects of the invention are apparent from
the exemplary embodiment to be described hereinafter and are explained with reference to

this exemplary embodiment.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be described in more detail hereinafter with reference to an
exemplary embodiment. However, the invention is not limited to this exemplary
embodiment.

Fig. 1 shows a circuit diagram of a transceiving circuit for contactless
communication according to prior art.

Fig. 2 shows a circuit diagram of another embodiment of a transceiving circuit for
contactless communication according to prior art.

Fig. 3 shows a circuit diagram of a transceiving circuit for contactless
communication according to the present invention.

Fig. 4 shows a graph which depicts voltages measured at measuring points A, B

and C, respectively, against a normalized distance n between the antenna of the transceiving
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circuit and an RFID or NFC device or a reference resonant circuit.

Fig. 5 shows a graph illustrating a phase angle ® of signals between the first
transmission path TX1 and the receiving path RX.

Fig. 6 shows a schematic block diagram of a measuring arrangement for
transceiving circuits.

Fig. 7 shows a block diagram of a known transmission module.

DESCRIPTION OF EMBODIMENTS

Fig. 3 shows a circuit diagram of a transceiving circuit 1 according to the present
invention. This transceiving circuit comprises an integrated RFID transmission module 2, e.g.
a Reader IC or a near field communication transmission module. The transmission module 2
comprises transmitter means 3 and receiver means 4.

For a better understanding of the function of the RFID transmission module 2, a
block diagram of the near field communication (NFC) transmission module type no. PN511
is shown in Fig. 7. The NFC transmission module 2 comprises analog circuitry which can be
roughly divided into transmitter means 3 and receiver means 4. Although not shown, the
analog circuitry comprises output drivers, an integrated demodulator, a bit decoder, a mode
detector and an RF-level detector. A contactless UART communicates with the analog
circuitry via a bus. The contactless UART comprises data processing means, CRC/Parity
generation and checking means, frame generation and checking means, and bit coding and
decoding means. The UART further communicates with a microprocessor, comprising a
80C51 core, ROM and RAM. A host interface enables to connect the transmission module to
external devices. The host interface may comprise 12C, serial UART, SPI and/or USB
interfaces. Further details of the transmission module can be looked up in the respective data
sheets which are publicly available.

Now returning to the circuit diagram of Fig. 3 the explanation of the transceiving
circuit 1 is continued. The transmitter means 3 of the RFID transmission module 2 generate
an electromagnetic carrier signal. The carrier signal is modulated according to transmitting
data. An antenna 5 is driven with the modulated carrier signal. The antenna 5 is configured as
a symmetric antenna, i.e. the output terminals of the transmitter means 3 are connected to
first and second transmitting paths TX1, TX2 and the other ends of the transmitting paths
TX1, TX2 are connected to the connecting terminals of the antenna 5. The antenna 5 is
represented by its equivalent circuit components, namely two capacitances Cext and two

inductances Lext. A center tapping of the antenna is connected to ground voltage. However,
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due to the symmetric design this center tapping is not indispensable. In order to protect the
transmitter means 3 against electric surges, an electromagnetic compatibility (EMC) filter 6
comprising two inductors LO and two capacitors CO is switched into the first and second
transmitting paths TX1, TX2. Further, an impedance matching network 7 comprising two
capacitors C2a and two ohmic resistors Ra is switched into the first and second transmitting
paths TX1, TX2. Further, the transmission module 2 has an input terminal that is connected
to a receiving path RX that branches off from the first transmitting path TX1. A phase
adjusting capacitor C3 is switched into the receiving path RX in order to enable adjusting of
the phase angle ® of signals between the first transmission path TX1 and the receiving path
RX, see the chart in Fig. 5. By adjusting the phase angle &, an optimal demodulation can be
achieved. Further, an ohmic resistor R1 is serially switched into the receiving path RX. With
this resistor R1 the voltage level appearing at the input of the receiver means 4 can be
adjusted. Numeral VMID depicts an analog reference voltage input of the receiver means 4.

In the first transmitting path TX1 a first DC decoupling capacitor C1b is serially
switched in between the EMC filter 6 and the impedance matching network 7. Similarly, in
the second transmitting path TX2 a third DC decoupling capacitor Cla is serially switched in
between the EMC filter 6 and the impedance matching network 7.

According to the invention a second DC decoupling capacitor Clc is switched
into the first transmitting path (TX1) in series to the first DC decoupling capacitor (C1b), and
the receiving path RX branches off from the first transmitting path TX1 at a branching point
C being located between the first and second DC decoupling capacitors C1b, Clc. The first
and second DC decoupling capacitors C1b, Clc establish a capacitive voltage divider,
wherein the branching point C acts as a tapping of the capacitive voltage divider. The
advantage of providing a capacitive voltage divider instead of using a single capacitor like in
prior art circuits and by branching the receiving path RX from the tapping between the two
capacitors C1b, Clc is that the voltage at the receiving path RX is stable and by choosing
appropriate values of capacitances for the first and second DC decoupling capacitors C1b,
Clec, can even be kept constant. This principle of the invention will be explained below with
reference to Fig. 4 which shows graphs of voltages measured at measuring points A and B
and the branching point C, respectively, against a normalized distance n between the antenna
5 of the transceiving circuit 1 and an RFID or NFC device or a reference resonant circuit.

The measuring arrangement for plotting the voltages at measuring points A, B
and the branching point C is schematically shown in Fig. 6, wherein the antenna 5 of the

transceiving circuit is positioned in the center of a Cartesian coordinate system (x,y,z) and a
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reference resonant circuit 10 is moved along the z-axis. The distance n between the antenna 5
and the reference resonant circuit 10 is normalized to values between 0 and 1. Varying the
distance n between the antenna 5 and the reference resonant circuit 10 results in a varying
detuning of the antenna 5 the consequences of which can be seen in the graph of Fig. 4. At
measuring point A the voltage increases with an increasing distance n between the antenna 5
and the reference resonant circuit 10 as a linear function A(n). At measuring point B the
voltage decreases with an increasing distance n between the antenna 5 and the reference
resonant circuit 10 as a linear function B(n). However, with proper dimensioning of the
capacitors C1b and Clc the voltage at branching point C remains essentially constant as
represented by the horizontal line C(n). As will be appreciated, in the graph of Fig. 4 for any
value x of the distance n points Ax and Bx can be calculated from the functions A(n) and
B(n), respectively, wherein point Ax has a voltage VAx and point Bx has a voltage VBx.
Further, a sectional point S can be calculated as the crossing of the functions A(n) and B(n)
having a distance value s and a voltage Vs. The horizontal line C(n) passes through the
sectional point S. The voltage drop VClc across the capacitor Clc can be calculated by the
formula:

VClc=VAx - VS

The voltage VC1b across the capacitor C1b can be calculated by the formula:

VCIlb=VS - VBx

The sum of the voltages VC1b and VClc yields the total voltage across the

capacitive voltage divider established by the capacitors C1b and Clc, wherein the total

capacitance CX of the voltage divider can be calculated as:

CE=Clb- Clc/(Clb+ Clc)

Further, for symmetry reasons, it is preferred to set the capacitances CX and Cla
equal, i.e.:

CX=Cla

In the following an example is given how to correctly calculate the dimensions of

the capacitors Cla, C1b, Clc in order to achieve a horizontal line C(n). In this example it is
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assumed that when the reference resonant circuit 10 is positioned directly on the antenna 5,
1.e. distance n = 0, a voltage V of 15 Volts is measured at the measuring point A and a
voltage V of 18 Volts at the measuring point B. It is further assumed that at a normalized
distance n = 1 between the reference resonant circuit 10 and the antenna 5 the voltages V
measured at the measuring points A and B are 20 Volts and 5 Volts, respectively. Hence, in
the Cartesian coordinate system (V, n) of Fig. 4 we can write these measuring values as four

coordinate points:

A0 = (0, 15)
Al=(1,20)
B0 = (0, 18)
Bl =(1,5)

With these coordinate points the lines A(n) and B(n) are represented by the
following equations:
A(m): V=15+5-n
B(n): V=18-13-n

By inserting one of the above equations into the other the sectional point S can be

calculated as:

S = (1/6, 95/6)

Bearing in mind that for any value x of the distance n the invariant ratio k of the

voltages across the capacitor Clc and the total capacitance CX can be calculated by:

k =VClc/(VClc+ VCIb) = (VAx - VS) / (VAX - VBx)

and bearing further in mind that we have defined CX = Cla we are able to

calculate the impedances
ZClb=k-ZCla and
ZClc=(-k)-ZCla wherein:

ZCla=1/(w- Cla)
ZClb=1/(®- Clb)
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ZClc=1/(w- Clc)

With the above equations we are further able to calculate the mutual ratios of the

capacitances of the capacitors Cla, Cab, Clc as:

5
Clb=Cla/k and
Clc=Cla/(1-k)
wherein, with the above exemplary values it follows that k = 0,2778 so that:
10

Clb=Cla/0,2778 and
Clc=Cla/(0,7222)

In practice it is appropriate to choose a capacitance value for the capacitor Cla
15  according to common design rules or according to empirical definitions, and then to calculate
the capacitance values for the capacitors C1b and Clc.

Finally, it should be noted that the above-mentioned embodiments illustrate
rather than limit the invention, and that those skilled in the art will be capable of designing
many alternative embodiments without departing from the scope of the invention as defined
by the appended claims. In the claims, any reference signs placed in parentheses shall not be
construed as limiting the claims. The word "comprising” and "comprises”, and the like, does
not exclude the presence of elements or steps other than those listed in any claim or the
specification as a whole. The singular reference of an element does not exclude the plural
reference of such elements and vice-versa. In a device claim enumerating several means,
several of these means may be embodied by one and the same item of software or 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.
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CLAIMS:

1. A transceiving circuit (1) for contactless communication, comprising:
transmitter means (3) being adapted to generate an electromagnetic carrier signal, to
modulate the carrier signal according to transmitting data and to drive an antenna (5) with the
modulated carrier signal,

receiver means (4) being adapted to sense response signals being received at the antenna (5)
and to demodulate the response signals,

wherein the transmitter means (3) are connected to the antenna (5) by means of at least a first
transmitting path (TX1), wherein a first DC decoupling capacitor (C1b) is switched into the
first transmitting path (TX1),

wherein a receiving path (RX) branches off from the first transmitting path (TX1) to the
receiver means (4),

wherein a second DC decoupling capacitor (Clc) is switched into the first transmitting path
(TX1) in series to the first DC decoupling capacitor (C1b),

and wherein the receiving path (RX) branches off from the first transmitting path (TX1) ata
branching point (C) being located between the first and second DC decoupling capacitors

(C1b, Clc).

2. The transceiving circuit as claimed in claim 1, wherein the transmitter means
(3) are connected to the antenna (5) by a second transmitting path (TX2), wherein a third DC
decoupling capacitor (Cla) is switched into the second transmitting path (TX2).

3. The transceiving circuit as claimed in claim 2, wherein a total capacity (Cz) of
the first and second DC decoupling capacitors (C1b and Clc) is essentially equal to the
capacity of the third DC decoupling capacitor (Cla).

4. The transceiving circuit as claimed in claim 2 or 3, wherein the ratio of the
capacities of the first and second DC decoupling capacitors (C1b, Clc) is determined such
that the voltage at the branching point (C) remains constant for varying loads onto the

antenna (5).
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5. The transceiving circuit as claimed in one of claims 1 to 4, wherein an
electromagnetic compatibility (EMC) filter (6) is switched into the transmitting path(s) (TX1,
TX2) between the transmitter means (3) and DC decoupling capacitors (Clb, Cla).

6. The transceiving circuit as claimed in one of claims 1 to 5, wherein an
impedance matching network (7) is switched into the transmitting path(s) (TX1, TX2)
between DC decoupling capacitors (Clc, Cla) and the antenna (5).

7. The transceiving circuit as claimed in one of claims 1 to 6, wherein a phase

adjusting capacitor (C3) is switched into the receiving path (Rx).

8. The transceiving circuit as claimed in one of claims 1 to 7, wherein an ohmic

resistor (R1) is switched into the receiving path.

9. An NFC device, an RFID reader/writer device or an RFID card, comprising a

transceiving circuit (1) according to one of claims 1 to 8.
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