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(57) ABSTRACT

An RFID transponder having an adjustable response field
strength including a determination circuit formed to deter-
mine a quantity which is derivable from a field strength of an
electromagnetic field prevailing at the location of the RFID
transponder, a comparator formed to compare the determined
quantity derived from the field strength with a threshold
value, wherein the threshold value is based on the adjustable
response field strength, which is higher than the minimum
field strength required for the operation of the RFID transpon-
der, and a deactivator formed to deactivate a functionality of
the RFID transponder if the derived quantity falls below the
threshold value.

/1_

12-A
14 2
\ o

Qe L‘JL
M
J
i 19
) U, g determination 2
circuit 16
(load
‘ circuit)

\ )
12?
2.

1



Patent Application Publication Mar. 8,2012 Sheet 1 of 5 US 2012/0056718 A1

12-A
14 2 J S
\ w
J
] 19
) Uemm determination 2
circuit —~16
! (load
circuit)

FIG 1



Patent Application Publication Mar. 8,2012 Sheet 2 of 5 US 2012/0056718 A1

S

12-A
z ’ 3 16
A S —— — I
2677 clock | |
(measurement signal |——» load
circuit) Ue qenerator ;CLK cirouit VDD
|
|
|

{determination circuit)

FIG 2



US 2012/0056718 A1

Mar. 8,2012 Sheet 3 of 5

Patent Application Publication

6€

auy| 18saradnual

0¢
)

/

A
(anjea
ployssiyl 0}
jojeredwa “H9)
9160]

o
/

A1
}

ﬁ

191s1ba1
Asuanbal) Wwaishs

(LN %900 |04U0D
Aouanbaly waisAs

N

14

e

yibuals pjal Uo paseq
Asuanbay)
342019 Butjjonuos Joj jeubis

FIG 3



US 2012/0056718 A1

Mar. 8,2012 Sheet 4 of 5

Patent Application Publication

nalo

Jusluinseaw

FIG 4



Patent Application Publication Mar. 8,2012 Sheet S of 5 US 2012/0056718 A1

Y

12-A 5
26
L2
-
measuremeant
circuit

“Zfl load

cirouit

22




US 2012/0056718 Al

TRANSPONDER AND METHOD FOR
OPERATING A TRANSPONDER

BACKGROUND

[0001] Embodiments of the present invention relate to tran-
sponders (made up of transmitter and responder) and methods
for operating transponders which may be applied in the so-
called RFID technology (RFID=radio frequency identifica-
tion), for example.

[0002] RFID technology is a radio-based contactless iden-
tification method. A RFID system typically includes one or
several reader devices and a plurality of transponders. Both
the reader device and the transponder each comprise an
antenna which critically influences a coverage of data com-
munication between the reader device and the transponder. If
the transponder comes near the antenna of the reader device,
both of them (transponder and reader device) exchange data.
Apart from the data, the reader device transmits energy to the
transponder. An antenna coil embodied as a frame- or ferrite-
antenna, for example, is located in the transponder. For oper-
ating the transponder, the reader device generates an electro-
magnetic alternating field by means of its antenna.

[0003] The antenna of the reader device also includes a coil
with several windings. If the transponder is brought suffi-
ciently near to the antenna of the reader device, the electro-
magnetic field of the reader device will generate an induction
voltage in the coil of the transponder. This induction voltage
may be rectified and limited and serves for voltage supply of
the transponder or a load circuit located in the transponder,
such as a microcontroller. From the (alternating) induction
voltage induced in the transponder, a clock frequency for the
load circuit may be additionally derived, which is then avail-
able as a system clock for the load circuit in form of a memory
chip or a microprocessor.

[0004] If the transponder is sufficiently near to the reader
device, a minimum field strength required for the operation of
the transponder will be exceeded, which in the following is
referred to as “response field strength”. The response field
strength of the transponder depends upon the energy con-
sumption of the load circuit integrated in the transponder and
the properties of the transponder antenna, such as antenna
gain or resonance frequency. If the response field strength is
exceeded, the transponder will start operating, receive data
transmitted from the reader device and perform e.g. an ampli-
tude modulation of the electromagnetic field reflected by its
antenna according to the data to be transmitted by the tran-
sponder. The reflected electromagnetic field may be received
by the antenna of the reader device and then be evaluated in
the reader device with regard to the data modulated upon.
[0005] Ashas been previously described, the response field
strength of a transponder depends, among other things, upon
energy consumption of an integrated circuit, or a load circuit
of the transponder. There my be cases in which it is not
desirable to achieve a response field strength as low as pos-
sible, but rather, in contrast, in which it is strived for a tran-
sponder to communicate with the reader device only from a
certain predetermined field strength of an electromagnetic
field prevailing at the location of the transponder and not
below.

SUMMARY

[0006] Embodiments of the present invention provide a
transponder with a determination circuit formed to determine
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a quantity which is derivable from a field strength of an
electromagnetic field prevailing at a location of the transpon-
der, a comparator formed to compare the determined quantity
derived from the field strength with a threshold value, and a
deactivator formed to deactivate a functionality of the tran-
sponder if the quantity derived falls below the threshold
value.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] Embodiments of the present invention will be
detailed subsequently referring to the appended drawings, in
which:

[0008] FIG. 1 shows a block diagram of a transponder
according to an embodiment of the present invention;
[0009] FIG. 2 shows a block diagram of a transponder with
avariably clocked load circuit according to an embodiment of
the present invention;

[0010] FIG. 3 shows a block diagram of a determination
circuit coupled to a comparator according to an embodiment
of the present invention;

[0011] FIG. 4 shows a schematic circuitry of a transponder
with an electrical conductance of the load circuit that is
adjustable depending upon a field strength, according to an
embodiment of the present invention; and

[0012] FIG. 5 shows a schematic circuitry of a transponder
with a response field strength which may be predetermined,
according to a further embodiment of the present invention.

DETAILED DESCRIPTION

[0013] With respect to the following description, it should
be noted that in the different embodiments, same functional
elements or functional elements acting in the same way have
same reference numerals, and, thus, descriptions of these
functional elements in the different embodiments illustrated
in the following are interchangeable.

[0014] In the following, the term “signal” is used equally
for currents or voltages, unless explicitly stated otherwise.
[0015] FIG. 1 shows a schematic circuitry of a transponder
10 according to an embodiment of the present invention.
[0016] Transponder 10 comprises an antenna coil 12 at
terminals 12-A, 12-B at which a voltage U, may be induced
by an electromagnetic field 14 prevailing at a location of the
transponder 10. Transponder 10 further comprises a load
circuit 16, e.g. in the form of an integrated circuit, connected
between the terminals 12-A, 12-B. In the embodiment shown
in FIG. 1, a determination circuit 18 of transponder 10 is
connected in parallel to load circuit 16 to determine a quantity
19 which is derivable from a field strength of the electromag-
netic field 14 prevailing at the location of transponder 10.
Transponder 10 further includes a comparator 20 to compare
the determined quantity 19 derived from the field strength to
a threshold value. In this context, the comparator 20 may be
part of the integrated load circuit 16 comprising a CPU (Cen-
tral Processing Unit), for example, as shown by way of
example in FIG. 1. Comparator 20 is coupled to a deactivator
22 to deactivate or change a functionality of the transponder
10, such as a data communication functionality or function-
alities of parts of the CPU related to the data communication,
if the derived quantity 19 falls below the threshold value,
depending on the comparison result. Thereby the data com-
munication functionality or functionalities of parts of the
CPU related to the data communication may be changed or



US 2012/0056718 Al

(de)activated responsive to a signal comprising a bit-se-
quence and/or interrupt and/or reset information.

[0017] E.g., a data communication protocol used by tran-
sponder 20 may be changed or (de)activated depending on a
field strength of the electromagnetic field 14 prevailing at the
location of transponder 10, such that e.g. a first communica-
tion protocol is used if quantity 19 falls below the threshold
value and a second communication protocol is used if quan-
tity 19 exceeds the threshold value. Also, any data communi-
cation may be completely suspended if quantity 19 falls
below the threshold value.

[0018] According to embodiments, quantity 19 derived
from the field strength may be, for example, a clock frequency
f; xforload circuit 16, an electric conductance of load circuit
16 or current not consumed by load circuit 16. Of course,
quantities derived from these quantities, such as digitalized
values, are also conceivable.

[0019] Inaload circuit16 with clocked circuit parts, a clock
frequency f;, influences power consumption of the load
circuit 16 since the power consumption of clocked circuit
parts is proportional to the clock frequency f.; .. In a con-
ventional load circuit 16 in a transponder, the clock frequency
forx 1s usually fixedly predetermined. The disadvantage to
this is that it is thereby not possible to react to changing
energetic conditions. If provided energy decreases such that
the current required for the operation of the load circuit 16 is
not provided anymore, this will lead to a supply voltage drop.
Changing energetic conditions occur, for example, in a tran-
sponder used in a contactless chip card whose energy supply
is performed via electromagnetic field 14 whose strength may
fluctuate.

[0020] Therefore, in some embodiments of the present
invention, determination circuit 18 is adapted to determine
and adjust a clock frequency f.; . of a clock signal that
depends upon the field strength of the electromagnetic field
14 prevailing at the location of the transponder. Via the clock
frequency f; z, the electric power consumption of load cir-
cuit 16 may then in turn be adjusted depending upon the
energy made available from electromagnetic field 14.

[0021] Energy is provided to transponder 10 by electro-
magnetic field 14 by means of coil 12. The induced voltage U,
is generally limited by a voltage limiting circuit to a supply
voltage V,, suitable for operation of load circuit 16. In the
case of sufficiently high energy provided by electromagnetic
field 14, the energy provided is not completely consumed by
load circuit 16. For its operation, load circuit 16 needs only a
part of the whole energy provided. The part needed depends
upon the supply voltage V., the clock frequency f.; . as
well as the energy demand of the active circuit parts within
load circuit 16. For example, if a circuit part within load
circuit 16 is activated, load circuit 16 will draw more current,
which is accompanied by an increased energy demand.
[0022] According to embodiments of the present invention,
the clock frequency regulation of load circuit 16 is made
depending upon a portion of the energy that is provided by
electromagnetic field 14 and that is not needed for operation
of'load circuit 16. According to embodiments, determination
circuit 18 for this purpose comprises a measurement circuitto
detect a residual power signal depending upon the part of the
energy provided via the electromagnetic field that is not
needed by load circuit 16. The residual power signal detected
may then be compared to a target quantity of the residual
power. The detection of the residual power signal may, in one
embodiment of the present invention, be performed by detect-
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ing a residual current I, by means of which power or energy
not needed by load circuit 16 is drained off.

[0023] With respect to this, FIG. 2 shows a schematic illus-
tration of an embodiment of a transponder 20, wherein deter-
mination means 18 is formed to a adjust a clock frequency
forx of a clock signal depending upon the detected residual
power signal, such as residual current I, for load circuit 16.
[0024] According to one embodiment, determination cir-
cuit 18 comprises a shunt 24 connected between terminals
12-A,12-B. Via shunt 24, part of an input current [, present at
terminal 12-A may conducted to terminal 12-B. A measure-
ment circuit 26 which may measure the residual current I,
conducted to terminal 12-B via shunt 24 precedes shunt 24.
Further, a comparison assembly 28 as well as a register 30
may be provided in determination circuit 18. According to
embodiments, measurement circuit 26 as well as register 30
are coupled to inputs of comparison assembly 28. At its
output side, comparison assembly 28 provides a control sig-
nal 32 which may control a clock frequency f;,- of a clock
signal CLK generated by a clock signal generator 34. Clock
signal CLK is provided at an output of clock signal generator
34 and is fed to load circuit 16 to supply it with a system clock.
[0025] The part I of the input current I, that is not needed
by load circuit 16 is conducted to terminal 12-B via shunt 24.
Atthe same time, shunt 24 limits the voltage U, present at the
shunt to a supply voltage V. Thereby, voltage spikes
between terminals 12-A, 12-B may be avoided so as to protect
following circuit parts.

[0026] The current strength of shunt current I is detected
by measurement circuit 26 and compared to a current target
value stored in register 30. In embodiments of the present
invention, this comparison may be performed digitally since
measurement circuit 26 in embodiments provides a digital
measurement value. However, also an analog execution of the
comparison is conceivable, wherein analog currents, the mea-
sured residual current [ and a reference current are com-
pared.

[0027] Ifthe measured residual current I, is greater than the
current target value, clock signal generator 34 may be con-
trolled such that clock frequency f; 5 of clock signal CLK is
increased. Thereby, the current consumption of the clocked
load circuit 16 increases so that the energy made available by
electromagnetic field 14 may be better utilized. Conse-
quently, current I, flowing through shunt 24 is in turn
reduced. If current I, flowing through shunt 24 is smaller than
the predetermined current target value, clock frequency f; 5
of clock signal CLK may be reduced to reduce the current
consumption of load circuit 16. In this way, voltage drops
may be avoided. In embodiments, the comparison within
comparison assembly 28 may also be performed with a first
current target value checked for being exceeded by the
residual current I, measured, and with a second current target
value, wherein it is checked whether the residual current I,
has fallen below the second current target value.

[0028] In embodiments, it is strived for a predetermined
residual current I, defined by the current target value to drain
off via shunt 24. In the case of deviations, clock frequency
forx of clock signal CLK may be decreased or increased.
Despite the sometimes fast changing electromagnetic field
14, also an averaging of clock frequency f-; .- may be enabled
by inertia of shunt 24.

[0029] Inasimple design, shunt 24 may include a regulated
transistor whose gate voltage is controlled such that the drain-
source voltage U, across shunt transistor 24 is regulated. The
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goal of this regulation is for the voltage across shunt 24 not to
exceed a predetermined value. Of course, the design of shunt
24 may be made more large-scale by further devices in further
embodiments.

[0030] By means of the regulation described, clock fre-
quency f; - is nearly optimally adaptable to the energy made
available by electromagnetic field 14. A clock suppressor
suppressing parts of clock signal CLK is not necessarily
required but may, however, be provided for fine adjustment of
the effective clock frequency f; ., so as to react to fast load
alterations, for example. For example, this is the case if a
further clock frequency-dependent load is put into operation
within load circuit 16.

[0031] The automatic frequency scaling described in the
foregoing adjusts clock frequency f; .- of the integrated load
circuit 16 to the power available from electromagnetic field
14. Thus, the adjusted clock frequency f; . is a measure of
the electromagnetic field strength, which, in many cases,
cannot be measured directly. That is, a currently adjusted
clock frequency f; - and an associated evaluation allow to
conclude the electromagnetic field strength currently prevail-
ing at the location of transponder 20. According to this
embodiment, the adjusted clock frequency f.; z is thus the
quantity 19 that is derivable from the field strength prevailing
at the location of the transponder.

[0032] The current I, consumed by load circuit 16 depends
upon clock frequency f; ., i.e. I;=I;(f,; ). For example,
1, (fo; x) might be calculated according the formula

L{fcr)=(M/N e )™ CLK+IL,oﬁ+IS> a.

wherein (AI/Af_,,) denotes a load current slope, ie. a
change of the load current I, divided by the corresponding
change of the clock frequency fc;x, I, . denotes an offset
current and I denotes a shunt current. Typical values for
AL /Af ;- may lie in a range 10 pA/MHz<AI/Af, <1
mA/MHz. Typical values for I, . may lie in a range 0.1
mA<I, ,,<2 mA, and typical values for I¢ may lie in a range
0.5 mA<I ;<30 mA. If a clock frequency f.; =20 MHz is
adjusted, for example, a current consumption of transponder
20, or load circuit 16, may thereby be concluded. E.g., assum-
ing that (AL /AT, )=100 uA, I; . 0.5 mA and [ ;=2 mA,
1;(20 MHz)=4.5 mA. Knowing a transponder configuration
(antenna, effectivity of rectifier, . . . ), the field strength of
electromagnetic field 14 may be concluded. Thereby, an indi-
rect measurement of the electromagnetic field strength at the
location of transponder 20 is possible.

[0033] Thus, it is possible, for example, to activate or
change a data communication or CPU function of transpon-
der 20 only from a predetermined response field strength. In
this context, the predetermined response field strength is in
embodiments characterized by an adjusted clock frequency
forx corresponding to the predetermined response field
strength. That is, the predetermined response field strength of
transponder 20 corresponds to a threshold value which may
be compared to a currently adjusted clock frequency f; ., for
example. In embodiments of the present invention, if the
currently adjusted clock frequency f., . falls below the
threshold value, data communication functionality of tran-
sponder 20, such as a transmitting or modulation functional-
ity, may be changed, limited, or completely put to a stop, so
that communication with a reader device is changed or not
possible at all. In embodiments of the present invention, if the
currently adjusted clock frequency f.; . exceeds the prede-
termined threshold value, that is, the prevailing field strength

Mar. 8, 2012

exceeds the predetermined response field strength of tran-
sponder 20, data communication or CPU functionality of
transponder 20, such as a transmitting functionality, may be
activated. If the currently adjusted clock frequency f, . is
identical with the threshold value, the data communication or
CPU functionality may be either activated or deactivated.
[0034] The comparison with the threshold value is graphi-
cally illustrated by example of FIG. 3.

[0035] FIG. 3 shows clock signal generator 34 whose clock
frequency f; - may be controlled by signal 32. From a fre-
quency register 36 of clock signal generator 34, the clock
frequency f; ;- oravalue derivable therefrom may be read out
and output to a comparison circuit 20 comparing the current
clock frequency f; or the value derived therefrom with a
threshold value. In the case of falling below the threshold
value, comparison circuit 20 outputs a signal 39 which may
cause a change or deactivation of data communication func-
tionality of transponder 20. In the case of exceeding the
threshold value, signal 39 may cause an activation of the
corresponding data communication functionality. According
to some embodiments of the present invention signal 39 may
be e.g. bit-sequence or a processing interrupt, i.e. an asyn-
chronous signal indicating a need for attention or a synchro-
nous event in software indicating a need for a change in
execution of a program flow. Further, signal 39 could be a
reset signal for a microcontroller or CPU.

[0036] Inembodiments of the present invention, the thresh-
old value is programmable so that the threshold value may be
adjusted according to a desired response field strength by
prior calibration of transponder 20, for example. When cali-
brating, different electromagnetic field strengths may be
associated with different clock frequencies.

[0037] As has been already mentioned, quantity 19 that is
derivable from the field strength may also be an electrical
conductance of load circuit 16, for example. According to
further embodiments, determination circuit 18 is adjusted for
this purpose to determine and adjust electrical conductance of
load circuit 16 that depends upon the field strength of elec-
tromagnetic field 14 prevailing at the location of transponder
10. Via the electrical conductance, the electric power con-
sumption of load circuit 16 may then in turn be adjusted
depending upon the energy made available from electromag-
netic field 14.

[0038] With respect to this, FIG. 4 shows a further embodi-
ment of a transponder circuit 40 according to the present
invention.

[0039] Part of the input current I, present atinput 12-A may
drain off to terminal 12-B via shunt 24. Measurement circuit
26 which may measure the current I flowing through shunt
24 precedes shunt 24. As in the embodiment explained refer-
ring to FIG. 2, determination circuit 18 here comprises a
comparison assembly 28 as well as a register 30. Measure-
ment circuit 26 as well as register 30 are coupled to inputs of
comparison assembly 28. At its output, comparison assembly
28 provides a control signal 42 which may control, or adjust,
electrical conductance of load circuit 16. In this context, the
electrical conductance may be adjusted e.g. by a resistor
network 44 with resistors that are switchable by switches 46.
The resistors switchable by switches 46 may be realized by
transistors, for example.

[0040] The part I of the input current I, that is not needed
drains off via shunt 24. At the same time, shunt 24 limits the
voltage U, present at shunt 24. Thereby, voltage spikes are
avoided so as to protect following circuit parts of the tran-
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sponder 40. The current strength of residual current I is
detected by measurement circuit 26 and compared to a cur-
rent target value stored in register 30. This comparison may be
made digitally since measurement circuit 26 provides a digi-
tal measurement value in an embodiment. An analog execu-
tion of the comparison, however, is also conceivable, wherein
analog currents, the measured one and a reference current, are
compared.

[0041] Ifthe measured residual current I, is greater than the
current target value, switches 46 of the switchable resistor
network 44 may be switched such that the conductance of
load circuit 16 is increased. Thereby, the current consumption
1; of load circuit 16 increases so that the energy provided by
electromagnetic field 14 is largely consumed by load circuit
16. Consequently, also current I, flowing through shunt 24 is
reduced. If current I ; flowing through shunt 24 is smaller than
the predetermined current target value, the electrical conduc-
tance ofload circuit 16 may be reduced so as to reduce current
consumption of the load circuit 16. In this way, voltage drops
may be avoided.

[0042] The comparison within comparison assembly 28
may also be performed with a first current target value
checked for being exceeded by the measured current I, and
with a second current target value, wherein it is checked
whether current I, falls below it.

[0043] Itis strived for a predetermined current I, predeter-
mined by the current target value to drain off through shunt
24. In the case of deviations, the electrical conductance of
load circuit 16 may be decreased or increased. By means of
the regulation described the electrical conductance of load
circuit 16 is nearly optimally adaptable to the energy pro-
vided.

[0044] In the embodiment described in the foregoing, the
electrical conductance adjusted by switchable resistor net-
work 44 represents quantity 19 which is derivable from the
field strength prevailing at the location of the transponder.
The number of closed switches 46 might as well be under-
stood as the derivable quantity 19. This quantity 19 derived
from the field strength may be set, similar to clock frequency
f;x in relation to the field strength prevailing at the location
of'the transponder by a calibration, for example, whereby this
field strength may be indirectly measured, as has already been
described in the foregoing. By a threshold value that may be
compared to the electric conductance or the number of closed
switches 46, a predetermined response field strength which
may be associated with the threshold value and from which a
data communication or CPU functionality of the transponder
is changed or activated may be adjusted. This may be made
analogously to the procedure described referring to FIGS. 2
and 3.

[0045] According to further embodiments, quantity 19
derived from the field strength may be a current I not con-
sumed by a load circuit 16 clocked with a constant clock
frequency.

[0046] With respect to this, FIG. 5 schematically shows a
transponder circuit 50 according to a further embodiment of
the present invention.

[0047] In the embodiment shown in FIG. 5, the derivable
quantity corresponds to the residual current I or to a value
derived therefrom, such as a digital value. The load circuit 16
of the embodiment shown in FIG. 5 that is clocked with a
constant clock frequency comprises an electrical power con-
sumption which is largely independent of the energy pro-
vided. That is, also the current I, made available for load
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circuit 16 is largely independent of the energy provided from
electromagnetic field 14. Consequently, the residual current
I draining off via shunt 24 is a measure of the energy pro-
vided from electromagnetic field 14. If the field strength of
the electromagnetic field 14 exceeds the minimum field
strength required for the operation of the load circuit 16, that
is, if not all energy provided is consumed by load circuit 16,
part of the energy provided drains off via shunt 24 in form of
current I, as has already been described in detail in the
foregoing.

[0048] Thus, in this embodiment, a field strength prevailing
at the location of transponder 50 may be concluded from
current 1. If the predetermined or desired response field
strength of transponder 50 is to be over the minimum field
strength needed for operation of load circuit 16, this may be
adjusted by a current threshold value 55 in register 30 that is
associated with the predetermined or desired response field
strength. Comparison assembly 28 of comparator 20 pro-
vides, at the output thereof, a logical signal 59, for example,
indicating whether the measured current value I, is above or
below current threshold value 55. According to embodiments
of the present invention, this logical signal 59 may cause
deactivator 22 to deactivate or change a data communication
or CPU functionality of transponder 50 if the measured cur-
rent I is below current threshold value 55. Equally, the data
communication or CPU functionality may be changed or
activated if the measured current value I, is above current
target value 55.

[0049] Here, too, current target value 55 is programmable
according to a calibration.

[0050] Further embodiments also provide combinations of
forms of embodiments described in the foregoing. That is,
quantity 19 derived from the field strength may be a mixture
of clock frequency f,; ., the electrical conductance of load
circuit 16, and current I, not consumed, for example.

[0051] Thus, embodiments of the present invention provide
a concept for operating a transponder with determining a
quantity which is derivable from a field strength of an elec-
tromagnetic field prevailing at the location of the transponder,
comparing the determined quantity derived from the field
strength with a threshold value, and for changing, disabling or
limiting or enabling a data communication or CPU function-
ality of the transponder in the case of following below or
exceeding the threshold value.

[0052] Inembodiments, the determination includes detect-
ing a residual power signal depending upon part of the energy
provided by the electromagnetic field that is not needed by the
load circuit of the transponder. In particular, current not con-
sumed by the load circuit is detected, which depends upon the
part of the provided energy that is not needed.

[0053] In some embodiments, the current not consumed is
compared to a current threshold value, and in the case of the
detected current not consumed falling below the current
threshold value, a transmitting functionality of the transpon-
der is deactivated.

[0054] In other embodiments, the load circuit is a clocked
load circuit, and a clock frequency f; .- of a clock signal that
depends on the prevailing field strength is determined for the
load circuit by means of the residual power signal. The elec-
trical power consumption of the load circuit may be adjusted
by applying the clock signal with the dependent clock fre-
quency f; . determined according to the prevailing field
strength. The determination of the clock frequency f., .
includes comparing a target value with the residual power
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signal detected to increase the clock frequency f, . if the
residual power signal detected is greater than the target value
and to decrease the clock frequency ., .- if the residual power
signal detected is smaller than the target value.

[0055] In still other embodiments, an electrical conduc-
tance of a load circuit clocked with a fixed clock frequency,
with which an electrical power consumption of the load cir-
cuit may be adapted to the part of the energy provided by the
electromagnetic field that is not needed, is determined by
means of the residual power signal. The determination of the
electrical conductance or of a quantity derived therefrom
includes comparing a target value with the detected residual
power signal to increase the electrical conductance of the load
circuit if the detected residual power signal is greater than the
target value, and to decrease the electrical conductance of the
load circuit if the detected residual power signal is smaller
than the target value.

[0056] Thus, embodiments of the present invention may
achieve that a chip card, for example, fully functions only
from a certain field strength, a desired programmable
response field strength, and not below. The response field
strength of the chip card thus may be predetermined by a
programmable threshold value. By additional current sinks/
consumers (static or frequency-dependent), a desired adjust-
ment range of the response field strength may be varied. With
small hardware expense, it is possible to automatically trigger
an event (reset or interrupt) upon reaching a lower threshold
of'a quantity 19 derived from a field strength prevailing at the
location of the transponder, so as to limit or enable function-
ality of the transponder, in particular, a data communication
or CPU functionality.

[0057] Inparticular, it should be understood that depending
on the circumstances, inventive methods for operating a tran-
sponder may also be implemented in software. Implementa-
tion may occur on a digital storage medium, in particular a
disc, a DVD or a CD with electronically readable control
signals which can interact with a programmable computer
system such that the respective method is executed. Gener-
ally, the invention thus also consists in a computer program
product with a program code stored on a machine-readable
carrier for performing the inventive method, when the com-
puter program product runs on a PC and/or a microcontroller.
In other words, the invention may thus be realized as a com-
puter program with a program code for performing the
method when, the computer program runs on a computer
and/or a microcontroller.

1. An RFID transponder having an adjustable response

field strength, comprising:

a determination circuit formed to determine a quantity
which is derivable from a field strength of an electro-
magnetic field prevailing at the location of the RFID
transponder;

a comparator formed to compare the determined quantity
derived from the field strength with a threshold value,
wherein the threshold value is based on the adjustable
response field strength, which is higher than the mini-
mum field strength required for the operation of the
RFID transponder; and

a deactivator formed to deactivate a functionality of the
RFID transponder if the derived quantity falls below the
threshold value.

2. The RFID transponder according to claim 1, wherein the

deactivator is formed to deactivate a data communication
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functionality and/or a CPU functionality of the RFID tran-
sponder if the derived quantity falls below the threshold
value.

3. The RFID transponder according to claim 1, further
comprising an energy load circuit, and wherein the determi-
nation circuit includes a measurement circuit to detect a
residual power signal depending upon part of the energy
provided by the electromagnetic field that is not needed by the
energy load circuit.

4. The RFID transponder according to claim 3, wherein the
measurement circuit is formed to determine a current that is
not consumed by the energy load circuit and that depends on
the part of the provided energy that is not needed.

5. The RFID transponder according to claim 4, wherein the
comparator is further formed to compare the detected current
not consumed with a threshold value.

6. The RFID transponder according to claim 5, wherein the
deactivator is further formed to deactivate a data communi-
cation functionality of the RFID transponder if the detected
current not consumed falls below the target current value.

7. The RFID transponder according to claim 3, wherein the
energy load circuit is a clocked energy load circuit, and
wherein the determination circuit is further formed to deter-
mine, for the energy load circuit, a clock frequency of a clock
signal that depends upon the prevailing field strength by
means of the residual power signal.

8. The RFID transponder according to claim 7, wherein an
electrical power consumption of the energy load circuit may
be adjusted to the prevailing field strength by applying the
clock signal with the dependent clock frequency determined
to the energy load circuit.

9. The RFID transponder according to claim 7, wherein the
determination circuit includes a comparator assembly formed
to compare a target value with the determined residual power
signal and to increase the clock frequency if the detected
residual power signal is greater than the target value, and to
decrease the clock frequency if the detected residual power
signal is smaller than the target value, based on the compari-
son.

10. The RFID transponder according to claim 3, wherein
the determination circuit is further formed to determine, by
means of the residual power signal, an electrical conductance
of the energy load circuit with which an electrical power
consumption of the energy load circuit may be adapted to the
part of the energy provided by the electromagnetic field that is
not needed.

11. The RFID transponder according to claim 10, wherein
an electrical power consumption of the energy load circuit is
adapted to the part of the energy provided by the electromag-
netic field that is not needed by adjusting the determined
electrical conductance of the energy load circuit.

12. The RFID transponder according to claim 10, wherein
the determination circuit includes a comparison assembly
formed to compare a target value with the detected residual
power signal to increase the electrical conductance of the
energy load circuit if the detected residual power signal is
greater than the target value, and to decrease the electrical
conductance of the energy load circuit if the detected residual
power signal is smaller than the target value, based on the
comparison.

13. The RFID transponder according to claim 3, wherein
the determined current drains off via a voltage limiting cir-



US 2012/0056718 Al

cuit, wherein the voltage limiting circuit is formed to regulate
a voltage across it such that the voltage does not exceed a
predetermined value.

14. The RFID transponder according to claim 13, wherein
the voltage limiting circuit is formed as a shunt.

15. The RFID transponder according to claim 1, wherein
the threshold value is programmable.

16. The RFID transponder according to claim 1, wherein
the deactivator is further formed to deactivate a data commu-
nication functionality of the RFID transponder if the quantity
derived is smaller than the threshold value.

17. An RFID transponder having an adjustable response
field strength, comprising:

a clock signal generator formed to be controllable depend-
ing upon a field strength of an electromagnetic field
prevailing at the location of the RFID transponder so that
a clock frequency of a clock signal generated by the
clock signal generator depends upon the field strength at
the location of the RFID transponder; and

a comparator circuitry formed to compare a signal derived
from the clock frequency with a threshold value and to
limit or enable a functionality of the RFID transponder,
based on a comparison result, wherein the threshold
value is based on the adjustable response field strength,
which is higher than the minimum field strength
required for the operation of the RFID transponder.

18. The RFID transponder according to claim 17, wherein
the clock signal is supplied to an energy load circuit in the
RFID transponder so that electrical power consumption of the
energy load circuit depends upon the clock frequency of the
clock signal.

19. The RFID transponder according to claim 18, wherein
the clock signal generator is further formed to be controllable
by means of a current which depends upon part of an energy
provided by the electromagnetic field that is not needed by the
energy load circuit.

20. The RFID transponder according to claim 17, wherein
the comparator circuitry is further formed to deactivate data
communication functionality of the RFID transponder if the
signal derived is smaller than the threshold value.

21. An RFID transponder having an adjustable response
field strength, comprising:

an energy load circuit with an electrical conductance thatis
adjustable depending upon a field strength of an electro-
magnetic field prevailing at the location of the RFID
transponder; and

a comparator circuitry formed to compare a signal derived
from an adjusted electrical conductance with a threshold
value and to limit or enable a functionality of the RFID
transponder, based on a comparison result, wherein the
threshold value is based on the adjustable response field
strength, which is higher than the minimum field
strength required for the operation of the RFID tran-
sponder.

22. The RFID transponder according to claim 21, wherein
the electrical conductance is controllable by means of a cur-
rent depending upon the part of energy provided by the elec-
tromagnetic field that is not needed by the energy load circuit.

23. A method for operating an RFID transponder, compris-
ing:

determining a quantity which is derivable from a field
strength of an electromagnetic field that is prevailing at
the location of the RFID transponder;
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comparing the determined quantity derived with a thresh-
old value; and

deactivating a functionality of the RFID transponder if the
quantity derived falls below the threshold value, wherein
the threshold value is based on the adjustable response
field strength, which is higher than the minimum field
strength required for the operation of the RFID tran-
sponder.

24. The method according to claim 23, wherein the deter-
mining the quantity includes determining a clock frequency
of a clock signal for an energy load circuit of the RFID
transponder, the clock frequency depending upon the prevail-
ing field strength by means of the residual power signal.

25. A computer program for performing a method for oper-
ating an RFID transponder, the method comprising:

determining a quantity which is derivable from a field
strength of an electromagnetic field that is prevailing at
the location of the RFID transponder;

comparing the determined quantity derived with a thresh-
old value; and

deactivating a functionality of the RFID transponder if the
quantity derived falls below the threshold value, wherein
the threshold value is based on the adjustable response
field strength, which is higher than the minimum field
strength required for the operation of the RFID tran-
sponder,

when the computer program runs on a computer and/or a
microcontroller.

26. A transponder comprising:

a determination circuit formed to determine a quantity
which is derivable from a field strength of an electro-
magnetic field prevailing at the location of the transpon-
der;

a comparator formed to compare the determined quantity
derived from the field strength with a threshold value;

a deactivator formed to deactivate a functionality of the
transponder if the derived quantity falls below the
threshold value; and

a load circuit, and in which the determination circuit
includes a measurement circuit to detect a residual
power signal depending upon part of the energy pro-
vided by the electromagnetic field that is not needed by
the load circuit,

wherein the load circuit is a clocked load circuit, and
wherein the determination circuit is formed to deter-
mine, for the load circuit, a clock frequency of a clock
signal that depends upon the prevailing field strength by
means of the residual power signal, and

wherein the determination circuit includes a comparator
assembly to compare a target value with the determined
residual power signal and to increase the clock fre-
quency if the detected residual power signal is greater
than the target value, and to decrease the clock frequency
if the detected residual power signal is smaller than the
target value, based on the comparison.

27. A transponder comprising:

a determination circuit formed to determine a quantity
which is derivable from a field strength of an electro-
magnetic field prevailing at the location of the transpon-
der;

a comparator formed to compare the determined quantity
derived from the field strength with a threshold value;
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a deactivator formed to deactivate a functionality of the
RFID transponder if the derived quantity falls below the
threshold value; and

a load circuit, and in which the determination circuit
includes a measurement circuit to detect a residual
power signal depending upon part of the energy pro-
vided by the electromagnetic field that is not needed by
the load circuit,

wherein the determination means is formed to determine,
by means of the residual power signal, an electrical
conductance of the load circuit with which an electrical
power consumption of the load circuit may be adapted to
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the part of the energy provided by the electromagnetic
field that is not needed, and

wherein the determination circuit includes a comparison
assembly to compare a target value with the detected
residual power signal to increase the electrical conduc-
tance of the load circuit if the detected residual power
signal is greater than the target value, and to decrease the
electrical conductance of the load circuit if the detected
residual power signal is smaller than the target value,
based on the comparison.
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