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(57) Abstract: An RFID transponder comprises a cod-
ing and modulation unit (CMU) designed to generate a
transmission signal (S_t) by modulating an oscillator
signal (S_o) with an encoded bit signal (S_e). During a
first and a second time segment (T1, T2), the encoded
bit signal (S_e) assumes a first and a second logic
level, respectively. The transmission signal (S_t) com-
prises a first signal pulse (P1) featuring a first phase
within the first time segment (T1) and a second signal
pulse (P2) featuring a second phase being shifted with
respect to the first phase by a predefined phase differ-
ence within the second time segment (T2).The trans-
mission signal (S_t) is paused for a pause period (TP)
between the first and the second signal pulse (P1, P2),
the pause period (TP) being shorter than a mean value
of a period of the first and a period of the second time
segment (T1, T2).
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Description

RADIO-FREQUENCY IDENTIFICATION TRANSPONDER AND METHOD FOR
DATA TRANSMISSION BY MEANS OF RADIO-FREQUENCY IDENTIEFICATION
TECHNOLOGY

The invention relates to a radio-fregquency identification,
RFID, transponder, in particular to an active load
modulation, ALM, RFID transponder and to a method for data
transmission by means of RFID technology, in particular ALM

RFID technology.

RFID technology is for example used for communication between
an RFID transponder and an RFID reading device. To this end,
for example magnetic coupling between an antenna of the RFID
transponder and an antenna of the reading device is
established. Communication is performed for example by means
of radio-frequency, RF, fields with a frequency in the order

of MHz, for example at 13.56 MHz.

Passive RFID transponders communicate to the reading device
by means of passive load modulation. On the other hand, ALM
RFID transponders communicate to the reading device by
generating a signal synchronous to an incoming field from the
reading device. To this end, an oscillator signal of the RFID
transponder needs to be repeatedly synchronized with a reader

signal depending on the incoming field.

In order to reduce space consumption, RFID transponders with
very small dimensions are required. Consequently, also the
antenna of the RFID transponder is required to be very small.
A drawback of such small antennas is a reduction of a

possible operating range, that is a maximum possible distance
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between the RFID transponder and the reading device that
still allows for communication. An RFID transponder with a
small antenna size may achieve only a limited load modulation
amplitude at the reader. According to industrial standards,
the load modulation amplitude must be higher than
corresponding threshold values. Consequently, a reduction of

the antenna size is limited in existing transponders.

Furthermore, the synchronization of the oscillator signal and
the reader signal may require additional time during which no
data transmission from the RFID transponder to the reading
device may be possible. Thus, existing RFID transponders may
be limited to transmission protocols that further reduce the

achievable load modulation amplitude.

Therefore, it is an object to provide an improved concept for
an RFID transponder providing instances for synchronization

while keeping a high load modulation amplitude.

This object is achieved by the subject matter of the
independent claims. Further implementations and embodiments

are subject matter of the dependent claims.

According to the improved concept, a transmission signal is
generated by an RFID transponder according to a protocol that
implies a data transmission without silence when data
transmission from the RFID transponder to a reading device is
active. The transmission signal consists of sequences of
signal pulses, wherein subsequent signal pulses of a given
sequence feature a phase shift. Between such subsequent
signal pulses featuring the phase shift, the transmission

signal is paused.
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According to the improved concept, a radio-frequency
identification, RFID, transponder is provided. The RFID
transponder comprises a coding and modulation unit designed
to generate a transmission signal by modulating an oscillator
signal with an encoded bit signal, the oscillator signal
having an oscillator frequency. Therein, during a
transmission period, the encoded bit signal assumes, during a
first time segment of the transmission period, a first logic
level and, during a second time segment of the transmission
period, a second logic level being different from the first

logic level.

Within the first time segment, the transmission signal
comprises a first signal pulse featuring the oscillator
frequency and a first phase depending on the first logic
level. Within the second time segment, the transmission
signal comprises a second signal pulse featuring the
oscillator frequency and a second phase depending on the
second logic level. The second phase is shifted with respect
to the first phase by a predefined phase difference.
Furthermore, the transmission signal is paused for a pause
period between the first and the second signal pulse, wherein
the pause period is shorter than a mean value of a period of
the first time segment and a period of the second time
segment. That is, the pause period is shorter than one half
times the sum of the period of the first time segment and the

period of the second time segment.

According to some implementations of the RFID transponder,
the pause period is shorter than the first time segment and

shorter than the second time segment.
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According to several implementations of the RFID transponder,
the first logic level corresponds to logic high and the

second logic level corresponds to logic low or vice versa.

According to several implementations of the RFID transponder,
the first phase corresponds to a phase of the oscillator

signal.

In some implementations, the predefined phase difference is

equal to 180° or approximately 180°.

According to several implementations of the RFID transponder,
the predefined phase difference is generated by means of an
inverter circuitry of the RFID transponder, for example of

the coding and modulation unit.

According to several implementations of the RFID transponder,
the pause period is shorter than a sum of a period of the

first signal pulse and a period of the second signal pulse.

According to several implementations of the RFID transponder,
the pause period is shorter than or equal to a period of the

first signal pulse.

According to several implementations of the RFID transponder,
the pause period is shorter than or equal to a period of the

second signal pulse.

According to several implementations of the RFID transponder,
a value of the encoded bit signal is constant or
approximately constant during each of the first and the

second time segment.
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According to several implementations of the RFID transponder,
the RFID transponder is implemented as an active load

modulation, ALM, transponder.

According to several implementations of the RFID transponder,
the RFID transponder is implemented as a near field

communication, NFC, transponder.

According to several implementations of the RFID transponder,
the oscillator frequency is equal to or approximately equal

to 13.56 MHz.

According to several implementations of the RFID transponder,
the coding and modulation unit is designed to generate the
encoded bit signal based on a data bit signal, wherein the
data bit signal represents data to be transmitted by the RFID

transponder to a reading device.

According to several implementations of the RFID transponder,
the coding and modulation unit is designed to generate
transmission signal such that the transmission signal is not
paused for a period being longer than the first time segment
or being longer than the second time segment when a data
transmission from the RFID transponder to the reading device

is active.

According to several implementations of the RFID transponder,
the RFID transponder comprises an antenna system and a front
end circuitry connected to the antenna system. The antenna

system and the front end circuitry are configured to generate

a transmission RF field based on the transmission signal.
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The transmission RF field is for example detected by a
reading device. In this way, data, in particular the data to
be transmitted, may be transmitted from the RFID transponder

to the reading device.

According to several implementations of the RFID transponder,
the RFID transponder operates in accordance with an
industrial standard. In some implementations, the RFID
transponder operates in accordance with an industrial
standard with respect to generating the encoded bit signal
based on the data bit signal. The industrial standard may for
example be a standard according to ISO/IEC 14443 Type A,
ISO/IEC 14443 Type B, JIS.X.6319-4 or another suitable

standard.

According to several implementations of the RFID transponder,
wherein the coding and modulation unit is designed to apply a
predefined coding algorithm to the data bit signal for
generating the encoded bit signal. The coding algorithm may

comprise a Manchester coding algorithm.

According to some implementations of the RFID transponder,
the encoded bit signal is given by the data bit signal
encoded by means of a Manchester coding algorithm. Such
implementations may for example correspond to implementations
wherein the RFID transponder operates in accordance with the

JIS.X.6319-4 standard.

According to several implementations of the RFID transponder,
the coding and modulation unit is designed to generate the
encoded bit signal based on the data bit signal and a
subcarrier signal, wherein the subcarrier signal is a binary

clock signal with a subcarrier frequency being smaller than
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the oscillator frequency. The subcarrier frequency may for
example be equal to or approximately equal to 847.5 MHz or

848 MHz.

According to several implementations of the RFID transponder,
the encoded bit signal corresponds to the subcarrier signal
with a phase, in particular a code phase, depending on a

logic level of the data bit signal.

According to some implementations, the coding and modulation
unit is designed to generate the encoded bit signal by
modulating the subcarrier signal depending on the data bit
signal according to phase shift keying, PSK, in particular
according to binary phase shift keying, BPSK. Such
implementations may for example correspond to implementations
wherein the RFID transponder operates in accordance with the

ISO/IEC 14443 Type B standard.

According to several implementations of the RFID transponder,
the encoded bit signal is generated to switch its value from
the first logic level to the second logic level exactly once

during the transmission period.

According to several implementations of the RFID transponder,
the transmission period has a length corresponding to a total
cycle number multiplied with a cycle period depending on the
oscillator frequency. Further, the first signal pulse
comprises a first cycle number of cycles, each having a
length given by the cycle period and the second signal pulse
comprises a second cycle number of cycles, each having a
length given by the cycle period. The pause period has a
length corresponding to a pause cycle number multiplied with

the cycle period.
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The total cycle number is equal to a sum of the first, the
second and the pause cycle number. Each of the first, the
second and the pause cycle number is equal to or smaller than

one half of the total cycle number.

According to some implementations, the cycle period is given
by an inverse or approximately by an inverse of the

oscillator frequency.

According to several implementations of the RFID transponder,
the RFID transponder further comprises a phase-locked loop
circuit designed to generate the oscillator signal and to
synchronize the oscillator signal and a reference signal

during a lock period within the pause period.

According to several implementations of the RFID transponder,
the RFID transponder further comprises an antenna system and
a front end circuitry connected to the antenna system and
configured to generate, during the pause period, a reader
signal based on an RF field detected by the antenna system.
The RFID transponder further comprises the phase-locked loop
circuit being designed to generate the oscillator signal and
to synchronize the oscillator signal and the reader signal
during a lock period within the pause period. The RF field
detected by the antenna system is for example generated by
the reading device. In such implementations, the reference

signal corresponds to the reader signal.

In some implementations, the phase-locked loop circuit is
designed to generate the oscillator signal during the whole

transmission period.
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In some implementations, a frequency of the reader signal is

equal or approximately equal to the oscillator fregquency. In

particular, the oscillator frequency may be determined by the
frequency of the reader signal at least during the lock

period.

According to several implementations of the RFID transponder,
the phase-locked loop circuit is designed to synchronize the
oscillator signal and the reader signal by ensuring a
predefined constant phase relation between the oscillator

signal and the reader signal during the lock period.

Ensuring the constant phase relation results in the
oscillator frequency being equal or approximately equal to

the reader frequency during the lock period.

According to some implementations of the RFID transponder,
the phase-locked loop circuit is designed to operate in an
unlocked mode at times outside of the lock period, in
particular at times within the transmission period and
outside of the lock period. Therein the phase-locked loop
circuit does not synchronize the oscillator signal and the

reader signal when operating in the unlocked mode.

The unlocked mode may for example correspond to a free
running mode of operation of the phase-locked loop circuit.
In particular, during the unlocked mode, the phase-locked
loop circuit may still generate the oscillator signal without
synchronizing the oscillator signal and the reader signal.
When the phase-locked loop circuit is synchronizing the
oscillator signal and the reader signal, the oscillator
signal is for example fed back from an output of the phase-

locked loop circuit to an input stage of the phase-locked
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loop circuit. In contrast, during the unlocked mode, the
feedback may for example be suspended, disconnected or

interrupted.

According to several implementations of the RFID transponder,
the RFID transponder further comprises a damping circuitry
configured to attenuate the antenna system at least during a

part of the pause period.

According to several implementations of the RFID transponder,
the damping circuitry is configured to attenuate the antenna
system during an attenuation period within the pause period,

wherein the attenuation period precedes the lock period.

According to several implementations, the damping circuitry
is implemented according to the teaching of document

WO 2015/003870 Al, whose disclosure 1s included herewith in
total by reference. For further details on the attenuation an

the damping circuitry, it is referred to said document.

According to several implementations, a transmission frame
comprises a plurality of transmission periods including the
transmission period. The encoded bit signal and the
transmission signal are generated in a periodic manner at
least during the plurality of transmission periods. During
each of the transmission periods the encoded bit signal has
during a respective first time segment the first logic level
and during a respective second time segment the second logic

level

During each of the transmission periods, the transmission
signal comprises, within the respective first time segment, a

respective first signal pulse having the oscillator frequency
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and the first phase. During each of the transmission periods,
the transmission signal comprises, within the respective
second time segment, a respective second signal pulse having
the oscillator frequency and the second phase. During each of
the transmission periods, the transmission signal is paused
for a respective pause period between the respective first
and the respective second signal pulse, the respective pause
period being shorter than a mean value of a period of the
respective first time segment and a period of the regpective

second time segment.

In such implementations, a variation of the load modulation
amplitude may be consistent in different parts of the
transmission frame. This may be an explicit or effective

requirement for passing certification tests.

According to the improved concept, also a method for data
transmission by means of RFID technology is provided. The
method comprises generating a transmission signal by
modulating an oscillator signal with an encoded bit signal,
wherein the oscillator signal has an oscillator frequency.
During a transmission period, the encoded bit signal assumes,
during a first time segment of the transmission period, a
first logic level and, during a second time segment of the
transmission period, a second logic level being different

from the first logic level.

Within the first time segment, the transmission signal
comprises a first signal pulse featuring the oscillator
frequency and a first phase depending on the first logic
level. Within the second time segment, the transmission
signal comprises a second signal pulse featuring the

oscillator frequency and a second phase depending on the
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second logic level and being shifted with respect to the
first phase by a predefined phase difference. The
transmission signal is paused for a pause period between the
first and the second signal pulse, the pause period being
shorter than a mean value of a period of the first time

segment and a period of the second time segment.

According to several implementations of the method, the pause
period is shorter than the first time segment and shorter

than the second time segment.

According to several implementations of the method, the
method further comprises generating the encoded bit signal
based on a data bit signal, wherein the data bit signal

represents data to be transmitted.

According to several implementations of the method, the
method further comprises detecting an RF field, generating,
during the pause period, a reader signal based on the RF
field and synchronizing the oscillator signal and the reader

signal during a lock period within the pause period.

Further implementations of the method are readily derived
from the various implementations and embodiments of the RFID

transponder and vice versa.

In the following, the invention is explained in detail with
the aid of exemplary implementations by reference to the
drawings. Components that are functionally identical or have
an identical effect may be denoted by identical references.
Identical components and/or components with identical effects

may be described only with respect to the figure where they
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occur first and their description is not necessarily repeated

in subsequent figures.

In the drawings,

Figure 1 shows an exemplary implementation of an RFID

transponder according to the improved concept;

Figure 2 shows signal sequences as a function of time
occurring in an exemplary implementation of an RFID

transponder according to the improved concept; and

Figure 3 shows signal seguences as a function of time
occurring in a further exemplary implementation of
an RFID transponder according to the improved

concept.

Figure 1 shows an exemplary implementation of an RFID
transponder according to the improved concept. The RFID
transponder comprises a front end circuitry FE, an antenna
system A connected to the front end circuitry FE and a
damping circuitry DMP connected to the front end circuitry FE
and/or the antenna system A. The RFID transponder further
comprises a phase-locked loop circuit PLL. The phase-locked
loop circuit PLL comprises an input stage PLLI connected to
the front end circuitry FE and an oscillator OSC connected to
the input stage PLLI. The oscillator OSC may for example be
implemented as a voltage controlled oscillator. The RFID
transponder further comprises a coding and modulation unit
CMU connected to the oscillator 0OSC and to the front end

circuitry FE.
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The antenna system A may for example be configured to detect
a radio-frequency, RF, field, for example generated by a
reading device (not shown) communicating with the RFID
transponder. The antenna system A and the front end circuitry
FE may for example generate a reader signal S r based on the
detected RF field. The reader signal S r may be supplied to
the phase-locked loop circuit PLL, in particular to the input
stage PLLT.

The oscillator 0OSC of the phase-locked loop circuit PLL may
for example generate an oscillator signal S o featuring an
oscillator frequency. Depending on the mode of operation, the
oscillator OSC may for example feedback the oscillator signal
S o to the input stage PLLI. In particular, the oscillator
OSC may feedback the oscillator signal S o to the input stage
PLLI during a locked mode of operation of the phase-locked
loop circuit PLL. The oscillator OSC may for example not
feedback the oscillator signal S o to the input stage PLLI
during an unlocked mode of operation of the phase-locked loop

circuit PLL.

Thus, the locked mode of operation may correspond to a
synchronization mode of the phase-locked loop circuit PLL
during which the oscillator signal S o present at an output
of the phase-locked loop circuit PLL is synchronized to the
reader signal S r present at an input of the phase-locked

loop circuit PLL.

On the other hand, the unlocked mode of operation may
correspond to a free running mode of the phase-locked loop
circuit PLL during which the oscillator signal S o present at
an output of the phase-locked loop circuit PLL is not

synchronized to the reader signal S r.
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When operating in the locked mode of operation, the input
stage PLLI may for example compare the oscillator signal S o
to the reader signal S r, in particular compare a frequency
of the reader signal S r to the oscillator frequency of the
oscillator signal S o and/or a phase of the reader signal S r
to a phase of the oscillator signal S o. Based on the
comparison, the input stage PLLI may for example generate a

control signal S ¢ and supply it to the oscillator OSC.

During the locked mode of operation, the oscillator OSC may
for example generate and/or adjust the oscillator signal S o
based on the control signal S ¢ in order to ensure a constant
phase relation between the reader signal S r and the
oscillator signal S o. During the unlocked mode of operation,
the oscillator 0OSC may for example generate the oscillator
signal S o based on settings determined during the locked

mode.

The damping circuitry DMP may for example be configured to
attenuate the antenna system A during specific time periods,
for example during an attenuation period. The damping
circuitry DMP is for example implemented according to the

teaching of document WO 2015/003870 Al.

The oscillator OSC supplies the oscillator signal S o to the
coding and modulation unit CMU. Furthermore, the coding and
modulation unit CMU receives a data bit signal S d for
example from a further component (not shown) of the RFID
transponder. The data bit signal S d represents for example
data to be transmitted by the RFID transponder to the reading
device. Based on the data bit signal S d, the coding and
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modulation unit CMU may generate for example an encoded bit

signal S e.

For generating the encoded bit signal S e, the coding and
modulation unit CMU may for example apply a predefined coding
algorithm, for example a Manchester coding algorithm, to the
data bit signal S d. Alternatively or in addition, the coding
and modulation unit CMU may generate the encoded bit signal

S e based on the data bit signal S d and a subcarrier signal.
The subcarrier signal may for example be a binary clock
signal with a subcarrier frequency being smaller than the

oscillator frequency.

The coding and modulation unit CMU is further configured to
generate a transmission signal S t based on the encoded bit
signal S e, in particular by modulating the oscillator signal

S o with the encoded bit signal S e.

For further details regarding the operation of the RFID

transponder, in particular the phase-locked loop circuit PLL
and the coding and modulation unit CMU, in particular on the
generation of the transmission signal S t, it 1is referred to

Figures 2 and 3.

The coding and modulation unit CMU supplies the transmission
signal S t to the front end circuitry FE. Based on the
transmission signal S t, the front end circuitry FE and the
antenna system A may for example generate a transmission RF
field that may consequently be detected by the reading

device.

Figure 2 shows signal sequences as a function of time

occurring in an exemplary implementation of an RFID
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transponder according to the improved concept, for example an
RFID transponder as shown in Figure 1. In particular, the
data bit signal S d, the encoded bit signal S e and the

transmission signal S t are shown as a function of time.

In the example of Figure 2, the RFID transponder may for
example operate in accordance with the industrial standard
ISO/IEC 14443, in particular ISO/IEC 14443 Type B. In
particular, the generation of the encoded bit signal S e may
be performed in accordance with said standard. According to
the ISO/IEC 14443 Type B standard, a data transmission rate

may for example correspond to 106 kbit/s.

The data bit signal S d first assumes a logic high value and
then assumes a logic low value. A bit period of the data bit
signal S d corresponds to a time period representing an
indvidual bit of data to be transmitted. That is, the bit
period corresponds to a minimum time period during which the

data bit signal S d remains constant.

In the example of Figure 2, the coding and modulation unit
CMU generates the encoded bit signal S e based on the data
bit signal S d and the subcarrier signal. The subcarrier
signal may for example correspond to a binary clock signal.
That is, the subcarrier signal may switch between a first
logic level, for example the logic high value, and a second
logic level, for example the logic low value, at the
subcarrier frequency. Whenever the data bit signal S d
assumes the logic high value, the encoded bit signal S e may
correspond to the subcarrier signal. On the other hand,
whenever the data bit signal S d assumes the logic low value,
the encoded bit signal S d may corresponds to a phase shifted

version of the subcarrier signal. In the shown example, the
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encoded bit signal S e undergoes a phase shift of 180° or
approximately 180° when the data bit signal S d switches from
the logic high value to the logic low value or vice versa.
The described generation of the encoded bit signal S e

corresponds for example to a BPSK protocol.

The transmission signal S t is generated by the coding and
modulation unit CMU by modulating the oscillator signal with
the encoded bit signal S e. A transmission period 1is for
example formed by a first time segment Tl and a second time
segment T2 following the first time segment Tl. A period of
the first time segment T1 may be equal to or may be different
from a period of the second time segment T2. During the first
time segment T1, the encoded bit signal S e assumes the first
logic level and during the second time segment T2, the

encoded bit signal S e assumes the second logic level.

The transmission signal S t comprises a first signal pulse Pl
during the first time segment Tl. The first signal pulse Pl
may for example begin together with the first time segment T1
and may end before the first time segment Tl ends. The first
signal pulse Pl comprises for example a first cycle number of
cycles, each of the cycles having a length given by or
approximately given by a cycle period. The cycle period
depends on the oscillator frequency, for example is given or
approximately given by an inverse of the oscillator
frequency. The first signal pulse Pl features a first phase
depending on the first logic level. The first phase may be
equal or may be different to a phase of the oscillator signal

S _o.

The transmission signal S t comprises a second signal pulse

P2 during the second time segment T2. The second signal pulse
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P2 may for example begin after the beginning of the second
time segment T2 and may end together with the second time
segment T2. The second signal pulse P2 comprises for example
a second cycle number of cycles, each of the cycles having a
length given by or approximately given by the cycle period.
The second signal pulse P2 features a second phase depending
on the second logic level. In particular, the second phase is
shifted with respect to the first phase by a predefined phase
difference. The predefined phase difference may for example

be 180° or approximately 180° or another value.

The transmission signal S t is paused for a pause period TP
between the first signal pulse Pl and the second signal pulse
P2. In particular, the pause period TP may begin before the
first time segment Tl has ended and the pause period TP may
end after the second time segment T2 has begun. The pause
period TP has for example a length corresponding to a pause
cycle number times the cycle period. The pause period TP is
shorter than a mean value of the period of the first time
segment Tl a period of the second time segment T2. For
example in case the period of the first time segment Tl is
equal to the time period of the second time segment T2, the
pause period TP may be shorter than the first time segment T1

and shorter than the second time segment T2.

The transmission period has for example a length
corresponding to a total cycle number times the cycle period.
The total cycle number is for example given by a sum of the
first, the second and the pause cycle number. For example,
each of the first cycle number, the second cycle number and
the pause cycle number may be smaller than one half of the

total cycle number.
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For example, the oscillator frequency may be given by or
approximately given by 13.56 MHz, while the subcarrier
frequency may for example be given by or approximately given

by 848 kHz.

The total cycle number may for example be equal to 16. The
pause cycle number may for example lie in the interval

[1, 7], for example in the interval [3, 7], for example in
the interval [4, ©]. In case the pause cycle number is given
by an even number, the first and the second cycle number may
be equal to each other. In case the pause cycle number is
given by an odd number, the first and the second cycle number
of for example different by 1. For example, the pause cycle
number may be equal to 5. Then the first cycle number may be
equal to 5 and the second cycle number may be equal to 6 or

vice versa.

During the pause period TP, the phase-locked loop circuit PLL
may for example synchronize the oscillator signal S o and the
reader signal S r. In particular, the synchronization may be
performed during a lock period within the pause period TP. In
particular, the lock period may be shorter than the pause
period TP. During the lock period, the phase-locked loop

circuit PLL operates in the locked mode of operation.

The oscillator signal S o and the reader signal S r may for
example be synchronized by ensuring a predefined constant
phase relation between the oscillator signal S o and the

reader signal S r.

Furthermore, the damping circuitry DMP is configured to
attenuate the antenna system A during an attenuation period

within the pause period TP. Therein, the attenuation period
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precedes the lock period. Consequently, during the pause
period first the antenna system A may be attenuated by means
of the damping circuitry DMP. And afterwards, the oscillator
signal S o and the reader signal S r are synchronized during
the lock period. By attenuating the antenna system A before

the synchronization, the synchronization may be improved.

The generation of the transmission signal S t as described
above may be continuously repeated in a periodic manner. As
depicted, the depicted transmission period may for example
lie within the period during which the data bit signal S d 1is
logic high. However, as can be seen in Figure 2, the
transmission signal S t 1s generated in an analogous way also
when the data bit signal S d is logic low. In particular the
shaded frames in the transmission signal S t represent signal
pulses corresgponding to the first signal pulse Pl and the
blank frames in the transmission signal S t represent signal
pulses corresgponding to the second signal pulse P2. Each
signal pulse corresponding to the first signal pulse Pl is
separated from a signal pulse corresponding to the second
signal pulse P2 by a respective pause period. Within each of
the respective pause periods, the oscillator signal S o may

be synchronized to the reader signal S r as described above.

Figure 3 shows signal sequences as a function of time
occurring in a further exemplary implementation of an RFID
transponder according to the improved concept, for example an
RFID transponder as shown in Figure 1. In particular, the
data bit signal S d, the encoded bit signal S e and the

transmission signal S t are shown as a function of time.

In the example of Figure 3 the RFID transponder may for

example operate in accordance with the industrial standard
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JIS.X.6319-4. In particular, the generation of the encoded

bit signal S e 1s performed 1in accordance with said standard.

The data bit signal S d first assumes the logic low value,
then assumes the logic high value and then again assumes the

logic low wvalue.

In the example of Figure 3, the encoded bit signal S e 1s
given by the data bit signal S d encoded by means of a
Manchester coding algorithm. In particular, a subcarrier
signal 1s not used for generating the encoded bit signal S e.
In the shown example, the encoded bit signal S e may assume
the first logic level, for example the logic high value,
during a first half of a bit period whenever the data bit
signal S d is logic low. The encoded bit signal may assume
the second logic level, for example the logic low value
during a second half of the bit period whenever the data bit
signal S d is logic low. On the other hand, whenever the data
bit signal is logic high, the encoded bit signal may assume
the second logic level during the first half of the bit
period and the first logic level during the second half of
the bit period. Alternatively, another type of Manchester
coding algorithm or another coding algorithm may be used

analogously.

In a similar manner as described with respect to Figure 2,
the transmission signal S t is generated by the coding and
modulation unit CMU by modulating the oscillator signal with
the encoded bit signal S e. A transmission period 1is for
example formed by a first time segment Tl and a second time
segment T2 following the first time segment Tl. During the

first time segment T1, the encoded bit signal S e assumes the
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first logic level and during the second time segment T2, the

encoded bit signal S e assumes the second logic level.

As described above with respect to Figure 2, the transmission
signal S t comprises the first signal pulse Pl during the
first time segment Tl and the second signal pulse P2 during
the second time segment T2, wherein the second phase of the
second signal pulse P2 is shifted with respect to the first
phase of the first signal pulse by the predefined phase

difference.

As in the example of Figure 2, also in Figure 3 the
transmission signal S t is paused for the pause period TP
between the first signal pulse Pl and the second signal pulse

P2.

For example, the oscillator frequency may be given by or
approximately given by 13.56 MHz, while the bit period may
for example correspond to a data transmission rate in the
order of several hundreds of kbit/s, for example between 200
kbit/s and 400 kbit/s. Consequently, the total cycle number
may for example lie in the order of several tens or hundreds.
For example, the total cycle number may lie within the

interval [25, 150], for example within the interval [30, 70].

In analogy to what has been described with respect to Figure
2, the phase-locked loop circuit PLL may for example
synchronize the oscillator signal S o and the reader signal

S r during the pause period TP, 1in particular during the lock
period, during which the phase-locked loop circuit PLL
operates in the locked mode of operation. The damping
circuitry DMP may attenuate the antenna system A during the

attenuation period.
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Due to the generation of the transmission signal S t as
described in Figures 2 and 3, the oscillator signal S o may
be repeatedly synchronized with the reader signal S r and at
the same time an average signal value of the transmission
signal S t remains high leading to an improved load
modulation amplitude. Consequently, the size of the antenna
system A may be reduced while the load modulation amplitude

still remains high enough to fulfil standard requirements.
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Claims

1. RFID transponder comprising a coding and modulation unit

(CMU) designed to generate a transmission signal (S t) by

modulating an oscillator signal (S o) with an encoded bit

signal (S _e), the oscillator signal (S o) having an

oscillator frequency, wherein

- during a transmission period, the encoded bit signal (S e)
has, during a first time segment (T1l) of the transmission
period, a first logic level and, during a second time
segment (T2) of the transmission period, a second logic
level being different from the first logic level; and

- the transmission signal (S_t)

- comprises, within the first time segment (Tl), a first
signal pulse (Pl) having the oscillator frequency and a
first phase depending on the first logic level;

- comprises, within the second time segment (T2), a second
signal pulse (P2) having the oscillator frequency and a
second phase depending on the second logic level and
being shifted with respect to the first phase by a
predefined phase difference; and

- 1is paused for a pause period (TP) between the first and
the second signal pulse (P1l, P2), the pause period (TP)
being shorter than a mean value of a period of the first
time segment (T1l) and a period of the second time

segment (T2).

2. RFID transponder according to claim 1 , wherein the coding
and modulation unit (CMU) is designed to generate the encoded
bit signal (S e) based on a data bit signal (S d), wherein
the data bit signal (S d) represents data to be transmitted
by the RFID transponder to a reading device.
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3. RFID transponder according to claim 2, wherein, for
generating the encoded bit signal (S e), the coding and
modulation unit (CMU) is designed to apply a predefined
coding algorithm and/or to apply a Manchester coding

algorithm, to the data bit signal (S d).

4. RFID transponder according to one of claims 2 or 3,
wherein the coding and modulation unit (CMU) is designed to
generate the encoded bit signal (S e) based on the data bit
signal (S _e) and on a subcarrier signal, wherein the
subcarrier signal is a binary clock signal with a subcarrier

frequency being smaller than the oscillator frequency.

5. RFID transponder according to claim 4, wherein the encoded
bit signal (S e) corresponds to the subcarrier signal with a
phase depending on a logic level of the data bit signal
(s_d).

6. RFID transponder according to one of claims 1 to 5,
wherein the encoded bit signal (S e) 1s generated to switch
its value from the first logic level to the second logic

level exactly once during the transmission period.

7. RFID transponder according to one of claims 1 to 6,

wherein

- the transmission period has a length corresponding to a
total cycle number multiplied with a cycle period
depending on the oscillator frequency;

- the first signal pulse (Pl) comprises a first cycle number
of cycles, each having a length given by the cycle period;

- the second signal pulse (P2) comprises a second cycle
number of cycles, each having a length given by the cycle

period;
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- the pause period (TP) has a length corresponding to a
pause cycle number multiplied with the cycle period;

- the total cycle number is equal to a sum of the first, the
second and the pause cycle number; and

- each of the first, the second and the pause cycle number
is equal to or smaller than one half of the total cycle

number.

8. RFID transponder according to one of claims 1 to 7,

further comprising

- an antenna system (A) and a front end circuitry (FE)
connected to the antenna system (A) and configured to
generate, during the pause period (TP), a reader signal
(S r) based on a radio-frequency field detected by the
antenna system (A); and

- a phase-locked loop circuit (PLL) designed to generate the
oscillator signal (S o) and to synchronize the oscillator
signal (S o) and the reader signal (S r) during a lock

period within the pause period (TP).

9. RFID transponder according to claim 8, wherein the phase-
locked loop circuit (PLL) is designed to synchronize the
oscillator signal (S o) and the reader signal (S r) by
ensuring a predefined constant phase relation between the
oscillator signal (S o) and the reader signal (S r) during

the lock period.

10. RFID transponder according to one of claims 8 or 9,
wherein the phase-locked loop circuit (PLL) is designed to
operate in an unlocked mode at times outside of the lock
period, wherein the phase-locked loop circuit does not
synchronize the oscillator signal (S o) and the reader signal

(S r) when operating in the unlocked mode.
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11. RFID transponder according to one of claims 8 to 10,
further comprising a damping circuitry (DMP) configured to
attenuate the antenna system (A) at least during a part of

the pause period (TP).

12. RFID transponder according to claim 11, wherein the
damping circuitry (DMP) is configured to attenuate the
antenna system (A) during an attenuation period within the
pause period (TP), wherein the attenuation period precedes

the lock period.

13. RFID transponder according to one of claims 1 to 12,
wherein the pause period (TP) begins before the first time
segment (T1l) has ended and the pause period (TP) ends after

the second time segment (T2) has begun.

14. RFID transponder according to one of claims 1 to 13,
wherein the pause period (TP) is shorter than or equal to a
period of the first signal pulse (T1l) and the pause period
(TP) is shorter than or equal to a period of the second

signal pulse (T2).

15. RFID transponder according to one of claims 1 to 14,

wherein

- a transmission frame comprises a plurality of transmission

periods including the transmission period;

- the encoded bit signal (S e) and the transmission signal
(S t) are generated in a periodic manner at least during
the plurality of transmission periods;

- during each of the transmission periods the encoded bit

signal (S _e) has during a respective first time segment
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le.

(T1l) the first logic level and during a respective second

time segment (T2) the second logic level; and

during each of the transmission periods, the transmission

signal (S _t)

- comprises, within the respective first time segment
(Tl), a respective first signal pulse (Pl) having the
oscillator frequency and the first phase;

- comprises, within the respective second time segment
(T2), a respective second signal pulse (P2) having the
oscillator frequency and the second phase; and

- 1is paused for a respective pause period (TP) between the
respective first and the respective second signal pulse
(P1, P2), the respective pause period (TP) being shorter
than a mean value of a period of the respective first
time segment (T1l) and a period of the respective second

time segment (T2).

Method for data transmission by means of RFID technology,

the method comprising

generating a transmission signal (S rt) by modulating an

oscillator signal (S o) with an encoded bit signal (S e),

the oscillator signal (S o) having an oscillator

frequency, wherein

during a transmission period, the encoded bit signal (S _e)

has, during a first time segment (T1l) of the transmission

period, a first logic level and, during a second time

segment (T2) of the transmission period, a second logic

level being different from the first logic level; and

the transmission signal (S _t)

- comprises, within the first time segment (Tl), a first
signal pulse (Pl) having the oscillator frequency and a

first phase depending on the first logic level;
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- comprises, within the second time segment (T2), a second
signal pulse (P2) having the oscillator frequency and a
second phase depending on the second logic level and
being shifted with respect to the first phase by a
predefined phase difference; and

- 1is paused for a pause period (TP) between the first and
the second signal pulse (P1l, P2), the pause period (TP)
being shorter than a mean value of a period of the first
time segment (T1l) and a period of the second time

segment (T2).

17. Method according to claim 16 that further comprises
generating the encoded bit signal (S e) based on a data bit
signal (S _e), wherein the data bit signal (S d) represents

data to be transmitted.

18. Method according to one of claims 16 or 17 that further

comprises

- detecting a radio-frequency field;

- generating, during the pause period (TP), a reader signal
(S r) based the radio-frequency field; and

- synchronizing the oscillator signal (S o) and the reader
signal (S o) during a lock period within the pause period

(TP) .
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