
1111111 iiiiimtoost *159159* Transponder, in particular for a contactless
smart card This invention relates to a transponder, in particular a
transponder for a contact- less smart card. The term "transponder" refers
here to an assembly comprising an an- tenna and an electronic circuit, in
particular in the form of a chip, the energy required  for operating the
chip as well as data being received via the antenna formed as a coil.  Such
transponders are used in contactless smart cards, in labels provided on
goods, in  keys, particularly auto keys as immobilizers, and - usually
incorporated in glass or  porcelain capsules - in animal bodies for
identification. Said transponders are designed for unidirectional or
bidirectional data exchange  with an external device, referred to here as a
reader. The reader radiates a high- frequency magnetic field via an
antenna, the transponder taking energy from the mag- netic field via a
large-surface coil in fairly close proximity to the reader. At the same
time as it absorbs energy, the transponder derives a clock signal. The
structure and  operation of such transponders is described extensively in
the prior art, reference being  made for example to US-C 5 841 123, the
article "Kontaktlose Chipkarten" by Klaus  Finkenzeller, Funkschau 19/98,
pp. 40-43, and Klaus Finkenzeller, RFID-Handbuch,  Carl Hanser Verlag,
Munich/Vienna, 1999. In order to facilitate the understanding of the
invention, the basic features of a  transponder will be explained in the
following, being set forth later in more detail with  reference to the
description of the figures. A reader radiates a high-frequency magnetic
field of e.g. 13.56 MHz via an an- tenna. If the antenna of a transponder
is located in said magnetic field, energy is cou- pled into the transponder
due to the negative feedback between the two antennas. Elec- tric power
available to the transponder is proportional to magnetic field strength on
the  antenna. Field strength on the transponder is in inverse proportion to
distance (1/x3)  from the reader and thus varies very greatly in the
working condition. The microchip requires a constant supply voltage,
operation being effected at a  constant clock frequency. At very short
distances between reader and transponder, the 



IIBIIIIIIIII IIH IIHI OI II 000002* 2 voltage induced in the transponder
would exceed the required supply voltage if no  countermeasures were taken.
A shunt regulator is therefore switched in parallel with  the load for
converting excess power into heat to keep the supply voltage constant in
the case of increased induced voltage in the transponder. The invention is
based on the problem of stating a transponder wherein the elec- tric power
available in the transponder is utilized better than in known transponders.
For this purpose the invention provides a transponder with an internal
digital cir- cuit operated by a clock generator with a clock signal having
a clock frequency, and an  internal energy supply fed contactlessly by an
external alternating magnetic field. Ac- cording to the invention it is
provided in this transponder that the clock generator has a  clock
frequency adjusting device for adjusting the clock frequency of the clock
signal  in dependence on the field strength of the external magnetic field
on the transponder. The term "in dependence on field strength" means that
adjustment of the clock  frequency of the clock signal is either directly
dependent on field strength or indirectly  dependent on field strength.
Field strength can be measured and the clock frequency  adjusted in
dependence on the measuring result, but the clock frequency can also be
varied in dependence on induced voltage since induced voltage depends on
the field  strength on the antenna. In the inventive transponder, the clock
frequency at which the  digital circuit (microchip) works is readjusted in
dependence on field strength, that is,  in dependence on the distance
between reader and transponder. At small distances be- tween reader and
transponder a relatively great amount of energy is available in the
transponder. Accordingly, the clock frequency can be increased. Instead of
destroying  the excess energy with the aid of the shunt regulator, the
clock frequency of the clock  signal is increased. Looking at a typical
microchip executed in CMOS technology, energy consump- tion P in such a
circuit corresponds to 



P = CLxUdd2xfd where  3 P = Power used in a gate CL = Circuit capacitance
of the gate  Udd = Operating voltage fd = Average working frequency (clock
frequency) At constant or almost constant values of CL and Udd a linear
dependence thus re- sults between energy consumption of the CMOS circuit,
on the one hand, and clock  frequency of the working clock, on the other
hand. The inventive measure thus causes the clock frequency to be increased
continu- ously or in steps at distances between transponder and reader that
are below the maxi- mum possible distance, so that operations in the
microchip run faster. Excess energy  that used to be exclusively destroyed
by the shunt regulator is thus utilized according  to the invention to
increase operating speed, that is, to shorten the total operating time. On
the other hand, the inventive measure can be utilized to reduce the
distance  up to which energy can be fed from the reader into the
transponder. At relatively great  distances the clock frequency can be
reduced to a permissible limit so that the micro- chip components are just
operational. It has turned out that the inventive measure per- mits the
transponder range, that is, the maximum distance between reader and trans-
ponder to be minimally observed for operation, to be increased by about 30
to 50%. Transponders usually have a rectifier at the output of the receive
antenna. The  unregulated voltage delivered by the rectifier is used in a
preferred embodiment of the  invention as an actual value and control
quantity. It is compared with an internally  generated reference voltage,
and the clock frequency of the working clock for the mi- crochip is
adjusted from the differential signal, which is representative of the field
strength and the distance between reader and transponder. There are several
possibilities for realizing the clock adjustment. It is preferred
according to the invention to use a voltage-controlled oscillator (VCO)
whose input  



receives the unregulated voltage from the rectifier and whose output
delivers the clock  signal, said clock signal optionally being processed
further, for example fed to a signal  conditioner and/or a frequency
divider. -4 In a further preferred embodiment of the invention, clock
frequency adjustment  is realized with the aid of an adjustable frequency
divider. For this purpose the differ- ential signal obtained from a
reference signal and the unregulated voltage of the recti- fier is
converted into a digital value by an analog-to-digital converter,
optionally proc- essed additionally and then supplied to the adjusting
input of an adjustable frequency  divider whose signal input receives the
clock signal of fixed frequency (e.g. 13.56  MHz) received by the
transponder. At the output of the adjustable frequency divider  the clock
signal is then formed. The smaller the distance between reader and trans-
ponder, the higher the unregulated voltage at the output of the rectifier
is, the higher  the difference with respect to the reference voltage is,
the greater the digital value ob- tained by the A/D converter is, and the
smaller the divisor of the frequency divider is,  and the output signal of
the frequency divider as a clock signal is according high. It should be
pointed out that adjustment of the clock signal relates exclusively to
strictly internal operation sequences of the transponder. For communication
with the  reader a fixed, normalized clock frequency is required. Said
clock frequency is trans- ferred from the reader to the transponder via the
high-frequency magnetic field and is  conditioned in the transponder for
operating an interface circuit. Components in the digital circuit of the
transponder that are operated by an ad- justable-frequency clock signal are
for example a RAM, a microcontroller, an  EEPROM, etc. The inventive
measure of varying clock frequency in dependence on  distance between
transponder and reader leads to accordingly high clock frequencies at  very
small distances. There is of course an upper limit for clock frequency. In
a pre- ferred embodiment of the invention it is provided that when a
defined maximum clock  frequency is reached a charge pump is connected in
order to increase the writing speed of an  EEPROM belonging to the digital
circuit, and/or 



a shunt regulator is activated in order to convert excess energy into heat
with the  aid of a resistive element. 5 Optimal operation at very small
distances between transponder and reader thus  takes place in such a way
that excess energy is first utilized to increase the clock fre- quency of
the working clock. When the maximum clock frequency is reached the  charge
pump is connected for operating the EEPROM of the microchip, and when the
charge pump is working at maximum power the shunt regulator known in the
art is  finally activated. The invention is suitable in particular for use
in a smart card, but other uses are  also possible. For example the
inventive transponder can be used quite generally in an  identification
element, for example a label provided on goods, on shelves and the like.
It can also be used in a key for opening doors or in an ignition key for
releasing an  immobilizer. A further possibility of use is in breeding
animals on farms for facilitat- ing management and feeding. In the
following, examples of the invention will be explained in more detail with
reference to the drawing, in which: Fig. 1 shows an equivalent circuit
diagram of a known transponder in connection  with a schematically shown
reader; Fig. 2 shows an equivalent circuit diagram of a transponder with a
shunt regula- tor for voltage regulation; Fig. 3 shows a block diagram of
an embodiment of an inventive transponder; Fig. 4 shows a graphic
representation of the resistance of a shunt regulator in de- pendence on
the coupling factor between a receive antenna of a transponder and an
external magnetic field; Fig. 5 shows a simplified block diagram of a
special embodiment of a clock fre- quency adjusting device; and Fig. 6
shows a block diagram of a further special embodiment of a clock fre-
quency adjusting device of the inventive transponder. -6 



According to Figure 1, reader L radiates a high-frequency magnetic field of
e.g.  13.56 MHz via antenna L 1. If antenna L2 of transponder T is located
in said magnetic  field, energy is coupled into transponder T due to
negative feedback M between anten- nas L1 and L2, current i2 flows through
resistor R2 of the input circuit. RL designates  the load formed by a
microchip. In parallel with load RL is capacitor C that forms to- gether
with antenna L2 a resonant circuit tuned to the transmitter frequency of
reader L. Electric power available to the transponder is proportional to
magnetic field  strength on antenna L2. For the energy required for
operating the microchip to be re- ceived, antenna L2 must be at a minimum
distance from reader L. The course of the  field strength in dependence on
the distance from antenna L 1 of reader L indicates that  field strength
can vary by more than a factor of 30 in the currently customary working
areas of known smart cards (field strength H = 0.15 ... 5 [A/m]). The
microchip requires constant supply voltage, operation is effected at
constant  clock frequency. The circuit shown in Figure 1 is designed so
that when antenna L2 is  at a defined minimum distance from antenna L1 the
required supply voltage for oper- ating the components of the microchip
(RAM, EEPROM, microcontroller, etc.) is just  reached. At shorter distances
between reader L and transponder T the voltage induced  in the transponder
would exceed the required supply voltage if no countermeasures  were taken.
According to Figure 2, shunt regulator RS is therefore switched in parallel
with  load RL for converting excess power into heat to keep supply voltage
U2 constant in  the case of increased induced voltage in the transponder.
In dependence on the distance between reader L and transponder T, the shunt
regulator is thus in the dormant, i.e. high-impedance, state (when
transponder T ex- ceeds the maximum distance permitting operation of the
transponder) or shunt regula- tor RS is maximally conductive, i.e. when the
smallest distance between reader L and  transponder T is present. The
equivalent circuit diagram of transponder T shown in  Figure 2 shows shunt
regulator RS as a variable resistor. The specific embodiment of  shunt
regulators in integrated chips is known to the expert. 



-7 Figure 4 shows the input resistance of shunt regulator RS in dependence
on the  coupling factor between the antenna coil of the transponder and the
antenna coil of the  reader. An increase in coupling factor k corresponds
to a decrease in distance between  the two antennas. As one can see in
Figure 4, the input resistance of shunt regulator RS is infinitely  high at
a very small coupling factor (large distance) between the antennas, then
de- creasing rapidly when the maximum operating distance is reached. In the
design of a transponder the energy supply must be such that the microchip
is operable at a predetermined maximum distance between reader and
transponder.  The shunt regulator is not yet active in this state. The
above requirement for the design of a transponder also means that whenever
the transponder is at a distance from the reader falling below the maximum
distance,  the shunt regulator is active in order to keep voltage U2
constant by converting addi- tionally absorbed power into heat. As soon as
the transponder approaches the reader  for data exchange therewith, more
energy is thus coupled into the transponder than is  necessary for
operation when the maximum possible distance is fallen below. Figure 3
shows an embodiment of inventive transponder 2. Transponder 2 con- tains
abovementioned receive antenna L2 formed as a flat coil to which rectifier
12 is  connected. Connected to the output of rectifier 12 is microchip 10
that receives recti- fied output voltage Udd from rectifier 12. Voltage Udd
is also received by clock genera- tor 14 containing a clock frequency
adjusting device that regulates clock frequency  CLK of microchip 10 in
dependence on induced and rectified voltage Udd. This de- pendence of the
frequency of clock signal CLK on induced voltage is indicated in the  block
of clock generator 14 by the function f(u). The various components of the
microchip are not all shown individually here.  What is shown is EPROM 18
and charge pump 16, to be dealt with below. Over bus  22 microchip 10 is
connected with interface circuit 20. Interface circuit 20 receives  from
modem 24 a clock signal delivered by the reader via the high-frequency
magnetic 8 



field, at a frequency of 13.56 MHz here. For transmitting data, interface
circuit 20  feeds transmittal data to modem 24 so that the data are
radiated via antenna L2. Figure 3 likewise omits the shunt regulator
present in microchip 10, as is shown  on the right in the equivalent
circuit of Figure 2. When antenna L2 of transponder 2 shown in Figure 3
comes into proximity of a  reader not shown here, thereby falling below a
certain distance from the device, recti- fier 12 delivers rectified voltage
Udd that is great enough to permit operation of micro- chip 10, thus of the
total transponder. If the distance from the reader is reduced further,
voltage Udd rises somewhat, whereby the voltage is adjusted downwards to a
steady- state deviation with the aid of inventive clock frequency adjusting
device 14 via the  frequency-dependent current consumption of the
microchip. While in conventional transponders operation is effected at a
fixed frequency  generated by division of the transmitter frequency of the
reader, for example 3.39  MHz (13.56 MHz/4), operation is already possible
at a much lower frequency in the  transponder shown in Figure 3. When the
distance between reader and transponder  rises above a certain value,
however, there is no operation in the transponder. When  the range is
fallen below, more energy is fed into transponder 2 than would actually be
necessary for operating the transponder. This excess energy is utilized to
increase the  clock frequency of working clock CLIP., thereby increasing
the efficiency of trans- ponder 2. Referring to Figure 5, a first special
embodiment of clock generator 14 according  to Figure 3 will be explained,
provided with reference sign 14A in Figure 5. DC voltage Udd coming from
rectifier 12 is compared in comparator 30 with ref- erence voltage uref
generated internally in the transponder. Voltage difference Au is
converted by analog-to-digital converter (ADC) 32 into a digital value that
is fed to an  adjusting input of adjustable frequency divider 34. The
signal input of frequency di- vider 34 receives a signal with fixed
frequency fl (e.g. 13.56 MHz) derived from the  voltage induced on coil L2.
Alternatively, the signal with fixed frequency fl can be  generated by
oscillator 36 disposed in the transponder. -9 



In dependence on the digital value fed to the adjusting input, relatively
high fre- quency fl is divided so that the frequency of working clock CLK
at the output of fre- quency divider 34 is accordingly high at high voltage
Udd, i.e. high differential signal  Au. If the frequency of working clock
CLK is so high due to the small distance be- tween transponder 2 and the
reader that a further increase is impossible for operation  of microchip
10, charge pump 16 indicated schematically in Figure 3 is connected for
EPROM 18. With the aid of the charge pump the writing speed can be
increased for  writing the EPROM. Embodiments with and without a shunt
regulator in microchip 10 are possible.  Such a shunt regulator can be
activated alternatively to charge pump 16 when the  maximum clock frequency
is reached, but the shunt regulator can also be used as a  third element
for keeping voltage Udd constant if the clock frequency was increased up
to the maximum limit and charge pump 16 is also working at maximum power.
Figure 6 shows an alternative for the clock generator according to Figure
5.  Clock generator 14B shown in Figure 6 delivers differential signal Au
obtained as in  Figure 5 to voltage-controlled oscillator (VCO) 40. At
small distances between trans- ponder and reader and accordingly great
differential signal Du the output frequency of  VCO 40 is relatively high,
at small signal Du the frequency of the output signal of  VCO 40 is
relatively low. The VCO can have further signal processing circuits con-
nected thereto, for example signal conditioner circuits, frequency
dividers, etc. The  advantage of this embodiment is that the maximum output
frequency of the VCO (with  CMOS over 50 MHz at present) can be greater
than the clock frequency of the reader  coupled in on coil L2 (13.56 MHz).
The inventive transponder is integrated into a contactless smart card,
which is not  shown in the drawing because it is known in principle.
Further possibilities of use for  transponders are likewise known, for
example encapsulation for administration to  animals, incorporation in an
auto key for an automatic immobilizer and the like. The  inventive
transponder is used in all these applications.  



-10 Claims A transponder having an internal digital circuit (10) operated
by a clock genera- tor (14) with a clock signal having a clock frequency,
and an internal energy sup- ply (12) fed contactlessly by an external
alternating magnetic field, characterized  in that the clock generator has
a clock frequency adjusting device (30-34; 40) that  adjusts the clock
frequency of the clock signal (CLK) in dependence on the field  strength of
the external magnetic field on the transponder (2). 2. A transponder
according to claim 1 having a receive antenna (L2) for the mag- netic field
and a rectifier (12) connected to the receive antenna, characterized in
that the unregulated voltage (Udd) present at the output of the rectifier,
which is  representative of the field strength of the magnetic field on the
receive antenna, is  supplied as an actuating signal to the clock frequency
adjusting device (14). 3. A transponder according to claim 2, characterized
in that the clock frequency  adjusting device is formed as a
voltage-controlled oscillator (VCO) (40) whose  input receives the
unregulated voltage or a signal value derived therefrom, and  whose output
delivers the clock signal or a precursor signal of the clock signal  (CLK).
4. A transponder according to claim 2, characterized in that the clock
frequency  adjusting device has: an analog-to-digital converter (32) that
converts the unregulated voltage  into a digital value; a frequency divider
with an adjustable division ratio, i) that is subjected at a first input to
a fixed-frequency signal that is de- rived from a voltage induced on the
coil (L2), and ii) whose second input receives through the
analog-to-digital converter  (32) a divisor signal derived from the
unregulated voltage, and iii) whose output delivers the clock signal (CLK).
-11 5. A transponder according to any of claims 1 to 4 having an interface
circuit (20)  



that is used for data exchange with an external device and is operated with
a  communication clock signal of fixed frequency. 6. A transponder
according to any of claims 1 to 5, characterized in that the clock
frequency-of the clock signal (CLK) is readjusted in linearly dependent
fashion  to the energy available on the transponder through the magnetic
field within a de- fined working area. 7. A transponder according to any of
claims 1 to 6, characterized in that the clock  frequency is lowered with
respect to a defined nominal clock frequency in order  to permit operation
of the digital circuit (10) when the field strength of the mag- netic field
on the transponder falls below a nominal value. 8. A transponder according
to any of claims 1 to 7, characterized in that when a de- fined maximum
clock frequency is reached - a charge pump is connected in order to
increase the writing speed of an  EPROM (18) belonging to the digital
circuit (10); and/or - a shunt regulator (RS) is activated in order to
convert excess energy into  heat with the aid of a resistive element. 9. A
transponder, according to any of claims 4 to 8, characterized in that the
first  input of the frequency divider is connected with an oscillator that
delivers a sig- nal of fixed frequency. 10. A contactless smart card with a
transponder according to any of claims 1 to 9.  11. An identification
element with a transponder according to any of claims i to 9.  12. An
identification element according to claim 11 in the form of an auto key as
an electronic key for releasing an electronic immobilizer. 13. An
identification element according to claim 11 with a capsule for
incorporation  in a living creature.  


