1111111 Liiiintoost *159159* Transponder, in particular for cont act | ess
smart card This invention relates to a transponder, in partsm'@wum, " mwu”
transponder for a contact- less smart card. The term "tran

here to an assenbly conprising an an- tenna and an el ectronic ci®oeit, |n
particul ar in the flaansminder,dhipartddigr fonarantdctieys smart dagd oper ati ng the
chip as well as data being received via the antenna fornmed as a coil. Such
transponders are used in contactless smart cards, in |abels provided on
goods, in keys, particularly auto keys as imobilizers, and - usually
incorporated in glass or porcelain capsules - in animal bodies for

i denti fi cafliheninveatidn relatesiordearspanderd aspaniedlat artranspdnderdor arahtact-

bi di rectional data exchange wth an external device, referred to here as a
r eader lessrsmnarteerd: Thaderm Sranspengder’ refess herecip areassemibly cmépﬂsmgeanm

t th d t aki f th field
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structure on such trarsponders i's descri xten3|vely in

the priSachafdnspémeders efmseaanm@nmﬂé@s $radrt @¥AlRPielabels\rotidedBhlgdotls, irf he
article "Kontaktl ose Chipkarten" 5 Kl aus Fi nkenzel I'er, Funkschau 19/ 98,
R

pp. 40kess, mﬂcuadusaum kmmmraob erspans nusually incomparatedrineglassar| ag,
Muni ch/ Vi erfna 1999. I.n order SataCI. itate.the understandi ng of the
i nvent POFCElRRLapaales - i1 ANIA 5’(’(4?6 Or ¢ HBBr will be explained in the

follow ng, being set forth later in nore detail with reference to the

descriptio r tic
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i s | ocabigdl an @xferhal W&éﬁnfeu% %ereeéheé tadef TiRUrealbefhdiditPa hiph-t ransponder
due to the negative feedback between the two antennas. Elec- tfic power

avai | alfteguency imagnetio fiphddrran antpnmwg) the transponder takgrgenergy ifednd st maggt h on
t he anten Fl el stre th an.the nsponder, i S i.n inyerse proportion to
di stan@éue jeldyia 3 fasge-sudacegothin gﬁr\dypfﬁﬁg RraximRity msﬁgﬁ rgader: Py the same

oper at NHE el t&&%ﬁ%ﬂ&?@@ T ah b oo PR s YRl e

di st aneperdiih'seschiARpoddids iy AARABEd @ktensHRly 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/x°)

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
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LERBIEEELLrrr 1rH THH O 11 000002* 2 vol tage induced in the transponder
woul d exceed the requrred supply voltage if no counterneasures were taken.
A shunt regulator is therefore switch in parallel with the |oad for
converting excess power into heat to keep the supply voltage constant in

the ca3Bitghe IIHEERRE e RANGBAANCLbANCLIAICE . IARSAANISI valigeiFpN O 1o

based on em of S ans on erer n I C power
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For this f)ur pose the invention provides a transponder w th”an internal

di gi t atheload foncon‘cqmngteudessmoaverlmtﬂdl@etrekeﬂpﬁte\mupplyavulltagekcmsmmtn havi ng
a cloc frequ nt er nal nergy upply fed contactlessly by an
extern %Sﬁér riﬂ e ﬁw@m&wh&m &g to the invention it is

provi ded in th| s transponder that the cI ock generator has a clock

frequenc he cl ock
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t r anspohutkrfrequeatpadjisting deetve foradjusting tlencloal fiequend bftHeclbek sipfal
transponder. Accordingly, the clock frequency can be increased. |nstead of

dest r oyt dgpendeace pndhe iehbstogngth of thehexternal ofagnetic Sicldon theytranspongdet. he

cl ock frequency of the clock signal is increased. Looking at a typical
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frequency of the clock signal is either directly dependent on field strength or indirectly
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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=CLXUdd2de



P = CLxUdd2xfd where 3 P = Power used in a gate CL = Circuit capacitance
of the gate Udd = Operating voltage fgd = Average working frequency (clock
frequency) At constant or al nbost constant values of CL and Udd a |inear
dependence thus re- sults between energy consunption of the CMOS circuit,
on t he pone -hang,vaR el fek aH}equency of the working clock, on the other
hand. The inventive measurg us causes the clock frequency to be increased
conti NG, owsly(ﬁfcdiﬂc@a@ﬁgn@om%t fces between transponder and reader that
are bel ow the maxi - mum possi bl e di stance, so that operations in the

m crociq run Qprating Pelbages energy that used to be exclusively destroyed
by the shunt regul ator i s thus utili‘ée&h ccordipg to the invention to

i ncr eade oper at 1 gagsWerking frequency (lock\BEgusN®he total operating time. On

the other hand, the inventive neasure can be utilized to reduce the
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operational. It has Turned out that the inventive neasure per- mts the

t r ans pdred@encyofjthe wheking slockhen tieecotherhdndt ance bet ween reader and trans-
ponder to be mnimally observed for operation, to be increased by about 30

to 50% Trapsponders usually have a rectifier at the output of the receive
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possibilities for realizing the clock adjustnent. It is preferred

accor ditpghe mventon tw inerease apsrating speed] thatyis, toshartdn the totat bpersting tWCO)
whose i nput

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 recﬁﬁer 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.



receives the unregulated voltage fromthe rectifier and whose out put
del'ivers the clock signal, said clock signal optionally being processed
further, for exanple fed to a signal -~4onditioner and/or a frequency
divider. -4 In a further preferred enbodi nent of the invention, clock
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stri ct ppnder grenbighentheanreguigtedunitage abthet tretpur aftheaeciifier ispthednghemi cat i on
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Ci rcui ferr&Hof 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 freqﬁcncy 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

- acharge pump is connected in order to increase the writing speed of an
EEPROM belonging to the digital circuit, and/or

- ashunt regulator is activated in order to convert excess energy into heat with the

aid of a resistive element.



a’shunt‘reguLator is activated in order to convert excess energy into heat
with the aid of a resistive elenent. 5 Optinal operation at very smnal

di st ances between transponder and reader thus takes pl ace in such a way

t hat excess energy is first utilized to increase the clock fre- quency of
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i nventive transponder can be used quite generally in an identification
el ementchargerpuaxmgtanngctedder opexating dhe EEPROMsof the mivebchip, amdiwhbr the ke.
It can also be used in a key for opening doors or_in an ignition key for
rel eas Fﬁggsrpumm‘ﬂprk% At nmxmumrmwwgg SBymt reguigtor nowt 1 thedrbisdi ng

ani mal far. or facilitat- ing managenent and feeding. In the
foll ow?iﬁléﬂyé@ég%ﬁegs of the invention will be explained in nore detail with
reference to the drawing, in which: Fig. 1 shows an equivalent circuit
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reader; Fig. 2 shows an equivalent circuit diagramof a transponder with a
shunt abgucasibleFdrexamplé dpeinventiveatranspondegcansbes hsstbqutdpemsrally agaam of
an enbodi nent .of an inventive transponder; Fig. 4 shows a graphic
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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;

1

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.



According to Figure 1, reader L radiates a high-frequency magnetic field of
e.d. 13.56 MHz via antenna L 1. If antenna L2 of transponder T is |ocated
in said magnetic field, energy is coUpted into transponder T due to

negative feedback M between anten- nas L1 and L2, current i2 flows through

[ f t.he i [ ' . desi he | oad f db
i ot ochi p. AKOPURE D EREHE I easleh LrEaCiaes t Btk HRuDOH LI RO OF & her
i th t ' ' t t . ), t f. f
Foader P LRIEE vih AREAREDY (dnidhio 12 BF fabdhoder TS IR i i FREGREY ©
magnet ifield, édleflry Bt dotpldindd tanbsotdRr T2dud @ ndghfve R d®uck M Betveckr Aten-

operating the mcrochip to be re- ceived, antenna L2 nust be at a mni num

di st anmas Landrle2danrent iX Aewsairaghaksistoe RT ofthd inpuecisddit.iIRL desighgiesce on
the distance fromantenna L 1 of reader L indicates that field strength

can vaile lppdfermed by a migraehipy Imparaiie] withHead Rl srapgcisersC dhatrfprme tés ng
f .k t d field st =0.15 ... 5 [A . Th
i or ool fET it Fenha h2 e soung siroiroRbel e eatsmies fredumeucitsander

constagt clock frequency. The circuit shown in Figure 1 is designed so

that when antenna L2 is at a defined mninmumdistance fromantenna L1 the
requi red supply voltage for oper- ating the conponents of the m crochip

(RAM EEPRBl¢ctrit posepavaidibleto thef ganspoadétistpropedionalito Mhghdiiy field di st ances
bet ween reader L and transponder T the voltage induced in the transponder

woul d &stength amanteseail 2 eloxiheenerayotegairedifor operating ther microohipsto heeree t aken.
w tn - EERa0ReERa £ st aanbuman: ismcr S REAET 1o TE9uswRoR Pievol { age
u2 ' . ' i I ' der.
'n depoiciiateerbth i AebEREnG: oh'thé BEAHLe B atond 1 £HPrtadel FnplRIRARE"C, .
regul affield étserigihian ﬂ'a?hBy @RITERR4n a factor Of I in THRSHRRGH! y c?fs?érﬁanﬁf", WSﬂd?g

g operation of~the

transponder T ex- ceeds the nmaxi num di stance permtti
t r ans pereasof kmowahsmart cexs! (field strerigth H5=100%5 mab p/mPnduct i ve, i.e. when the
smal | est di stance between reader L and transponder T is present. The

equi val ent _ci rcuit di agram of transponder, T shown in Figure 2 shows shunt
regul at or ﬁgeé%wép%l’ F%fBPJ@SrC@@F@PBFUPP?YG é’okﬂ&iomeﬁat&ﬂiémﬂ%étﬂd ajfcongtanht

regul abRyck frlyueAb§ITRE EFci? sRowh In FIRNE 118 dtegl%ngé RS '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.
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-7 .Fi giure 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 incredse 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 infijnitely high at
a very smaFiguwedpiho t?la@@mrt Tesistagee of shuntdegu aar\ﬁeim ame nehABdhe  hen

de- creasiq api dl y when the nmaxir erating,di stapnce i.s reache In the
dosi gn cOpLh FaRuthatwERS e AicERs bOL B B ERpRAg SERmuEnt @i S msen: o
s ope : t \: ' ' I erep

tr anspoaner Ab fiBARR CRIAE TadlBi k BORCEbOARIER BRTHRETn (AR Bilteey
above deatwe enephad or the design of a transponder al so nmeans that whenever
the transponder is at a distance fromthe reader falling bel ow the maxi num
di stance, the shunt requlator is active in order to keep voltage U2

const ant bypscmeeantsegdn ddgare 4, ithe iy remsiancecef ghamé regulator Rspls infigitelyon as
t he transponder appr.paches the, reader ,.for ta exchan wi t.h, nore
e oy M R Eery AL oviling Rageor arie distifise) DRy e adtenbs, €iek o

operat i en i B?ﬁﬁﬂhp b gsq&' o f bel ow. Figure 3
shows lggé&g%dﬂpl 119”%%\%n Ive ?ﬁ%‘%ﬁ’%@ﬁl er dfasf?%érys:egbnder 2 con- tains
abovenenti oned receive antenna L2 formed as a flat coil to which rectifier
12 is conmediedesi&Hone etaddpdmder lilke endrpyisupplyrmast b quchltBat themicreehipp 10
that receives recti- fied output voltage d fromrectifier 12. Vol tage Udd
i s al sis oparablect aredetenringdmaximumn distancedhetwieen nepadsr ehd ttanspengdesncy

adj ust | evice that.requl ates c] ock frequency CLK of mcrochip 10 in
dependgnrbges?‘blﬂu ag1s Yreéé?ql‘f“?’é’cﬁ‘wtﬁt&ge Udd. This de- pendence of the
frequency of clock signal CLK on induced voltage is indicated in the block
of clock g r . Chl ' t he
of 100k STBEAROE rduinéTof WAL O Bincalsb e ARIMBNGRERRE 1 1
and chagi@gaRpondébis 4t distafied filontidreadeoflling/BéloWthe maxifumh déstanrel 0 i s
connected with interface circuit 20. Interface circuit 20 receives from
nmodem e shunit segulaiognaactive inendeditaokeepheltaga dél constantrhy conyertingaddincy

magnetic 8
J tionally absorbed power into heat. As soon as the transponder approaches the reader
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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 L.2 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 Uyq from rectifier 12. Voltage Uy, 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 Ugg. 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

Mo
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field, at a frequency of 13.56 MHz here. For transmtting data, interface
circuit-20 feeds transnmittal data to nodem 24 so that the data are
radi ated via antenna L2. Figure 3 |ikdésmse omits the shunt regul ator
present in mcrochip 10, as is shown on the right in the equival ent

circuit Figure 2. na L2_of transponder 2 shown jn Figure 3
c:)meg | iﬁ‘?ﬁ) %hﬁ?%@‘ﬁy\ggqg-ﬂé@%@ﬁeﬁﬁ’of 0% &ﬁa@h&tégycq ereyihdOpel ow a
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total transponder. If the distance fromthe reader is reduced further,
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steady- state deviation with the aid of inventive clock Trequency adjusting

devi ce obsheiright irethef eqpuvalentycirtaeofiEigurer r ent consunption of the

m crochip. Wile in conventional transponders operation is effected at a

fixed freq C enerated by diyisigon of the transmtter frequency of the
reader, foWﬂ?ﬁﬂ%‘%@n%ﬁ@prm%@%smwmflmﬁmm@ prOXEmity of@ssi bl e
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converted by analog-to-digital converter (ADC) 32 into a digital val ue that
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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 CLK, 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 Ugg coming from rectifier 12 is compared in comparator 30 with ref-
erence voltage u.s 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 f1 (e.g. 13.56 MHz) derived from the
voltage induced on coil L2. Alternatively, the signal with fixed frequency f1 can be
generated by oscillator 36 disposed in the transponder.
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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 Au the output frequency of
VCO 40 is relatively high, at small signal Au 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.
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-10 A ajnms A transponder having an internal digital circuit (10) operated
by a cl.ock genera- tor (14) with a clock signal having a clock frequency,
and an'internal energy sup- ply (12)- Hed contactl essly by an external
alternating nmagnetic field, characterized in that the clock generator has
a clock frequency adjusting devi ce ?Q-34; 40) that adjusts the clock
frequency of the clock signal (CLK) pendence on the field strength of
the external magnetic field on the transponder (2). 2. A transponder
according to claim1 having a receive antenna (L2) for the mag- netic field
‘and a rectifier (12) connected to the receive antenna, characterized in
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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;

- afrequency 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
11) 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).



that is used for data exchange with an external device and is operated wth
a communi cation clock signal of fixeg frequency. 6. A transponder
accordirng to any of claims 1 to 5, ch bacterized in that the clock
frequency-of the clock signal (CLK) is readjusted in linearly dependent
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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 1 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.
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