: "ae3e| ]| ZL(t, 6bT: @9 FED 2003 *c2* .ansponder, in particular for 49 FEB 2003
conta card This invention relates to a transponder, in
partim‘“ ﬁmmmwmtponder for a contact less smart card. The term
"transpon ler T Erers here to an assenbly conprising an antenna and art

el ectroni CU®F cui t ,-amgpopdéet, iin pagticular foha dontavtless smattiqard t he ener gy
required for operating the chip as well as data. being received via the
antenna formed as a coil. Such transponders are used in contactl ess snart
ca)ds, in | abels provided on goods, in keys, particularly auto keys as
~inmmobilizers, and - usually incorporated in glass or porcelain capsules -

i n ani mal Théginwsnfion rélaesto hitratspondersSai particalas pdratspendercfod asiogteast- f or
unidirectional or bidirectional data exchange with an external device,

r ef er dess smarheard. The terme Hgensponder” refers hevedgi an assembly gomMpEgIE A Atagact i ¢
field via an antenna,. the transponder .t aki engrgy.fromthe mag.netic

{1 ol d tGAmR 40 & eleolahic ity DRCPip S RGEEOD? SRR B Cha By B e ter . At
the s s is I j ock

i gnaitoT Qe (e chip o AL 95 ARy e el 8 B B e P e

ext enSyRtdansporidies Bfd Weddhicontrtlesesmert kerdsginbbels providednan godds, - C 5
841 123, the article "Kontaktlose Chipkarten" by Kl aus Finkenzeller,

Funks kieys, gastiodarlyputalbeysdss immdobilizers, Bhd k aually excorpmated-arglasscdr, Car |
Hanser Verlag, Munich/Vienna, 1999. .In grder to facilitate the
under@@%@ﬁ@aﬁﬁmﬁﬁemﬁmﬂﬁmeﬁ g1 aflgBt ures of a transponder will be
explained in the follow ng, being set forth later in nore detail wth

referencedt h e ipLian . ? . hal e

i g {1 e SR OTRSRTETS 2 Fighhe Pyt atnal oy Mt Ui cRonge
ant enRP hn @xterAAISRAAUE refefrel 86 Neflad A ré&idlef. TRORAUEF rddiftesla HigIRr 9y 1S cou
pled into the transponder due to the negative feedback between the two
ant enifecjuehty mdgnetic fieldviasamanteia the ttahepandan tgkamgl energy fpomiibe niagral to
magnetic field strength on t&cf antenna. Field strength gn the transponder

i s i nnetodiedd vis dlrsgesurfaceconl in faidly close/proximity o thiereadan it thagamgus yages

tly in th Ki di ti on. .The nj hi ' t o=
Suppl S0Pt ligibRorsnitiny the pARgpandel derncSa Clock i T Hisiiswificne, B
. I . . 3
Vol { agbelic Of ARAYHMBONEES i GA B MR RPN pridr it refifeiichetdl e
i T no mhgdeforiexBaplé RFUSCCS 84K D3, the Anticle "Komidlaloze Clapkaresie oy Kldugi t cEEE
in parallel with'the load for converting excess power Into heat to keeg==he

suppl Finkenzeller, Famkschau 19198 jpp. k43 0ind Kiavsd5ekenzetior RFIRHangbucly, t hE&—=
transpon . The invention, s bas n the problem of stating a transponder
V\herei(gf“ijﬁ@né?re eﬂ?&&ﬂ@%@d’%ﬂ’&?ﬂ gg?ée) in the transponder is utilized better
than in known transponders. For this purpose the invention provides a

t ranspond j f I IO 1 i gener at or
with a cl géf?@%ﬂ&ﬁgfﬁc%l%?%@gn@#%ahgg%&gggﬁe%gtrl]ceﬂn a’ért‘?\agﬁlleg%gragy supply
fed Cquﬁ?bh@&swm by erplainedenthé felldwingabeing sepforeh latell inemdre detaidvdttng to

the invention it is provided in this transponder that the clock generator
has a refeveicef toehedessriptinust thedigires.ce for adj usting the cl ock frequency of
the clock signal in dependence on the field strength of the external

2??2?5%1 i ArdeadeTe 'gteeaé{h?&ﬁ Ond%;af:mi?@nehe el eld DL e oy ol HEBAGIA i gnal
el o Bpe g ERE A BT PERner i oo Bl BB R shiredRRERRTC) "

adj ustaed imto4RP RAASHRIeP But ?@m&%%&m&k%@&n g{&wgi AfknidseBURVCY can

_ also be varied in dependence uced vol tage since induced vol tage
dependsicpowdravhilablé te thetrabdpondet epropbrtivml to maghetic fiekhstrerpth oaheonder ,

the clock frequency at which the digital circuit (mcrochip) works is

r eadj wantenna. Fieldsteugthcen the transponder isigimversepropostion o distanegdhae) on t he

di stance between reader and transponder. . At sgﬁg’ di(ﬁt.ances bet ween reader

and t riZPEJ86 4eades apg tayy VAIIS e eaéﬁblgr{peaxfor RGOy 5i | able in the

transponder. Accordingly, the clock frequency can be increased. |nstead of

dest i . 1 i {1 s ot b | ock
Fr equency e PHGOEBSEFERY othithnl Norhy Softagd, dpeRtith bRRYHEL B atall o Chi p
execut Qstant eldeR fr&flRASY.CAY ver§idbst/dis@NSEN Between reader and transponder, the
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ti‘on P in such a circuit corresponds to P=CLXUdd2Xfd where 19 FED $80BEB32(03
P - Power ‘used in a gate CL - Crcuit,capacitance of the gate U~ -

Operating voltage fd - Average working frequency (clock frequency) At

constant or al nbst constant values of CL and Udd a |inear dependence thus

resul tg,1e r &{%i,mﬂf e i i . hand,
and C|;V§%< \raﬁ%beeﬁg"‘;' tggn?ﬁgﬁvmr i ng gle())(%%ﬁ on tﬂ‘gﬁ%('?ﬁﬁeﬁrplxgﬁgggghgﬁ?nventi ve
Meas ur eovniersneasnes Svérd aalkdr ok shurtGegilator tio thegefone switehed pparatiebuwsthy or in
stgps at distances between transponder and reader that are below the

‘maxi muthedoad far conyeingesess poweninto heatio kaep the supplyrwaltage isopstanhinf ast er .
Excess _energy.that used,to be excl.usively destroyed by the shunt regul ator
is thuglelﬁaﬁ‘gp£3¥9r%ﬁ§€ rlﬂfl\‘@dtb@lﬁg@ mﬁﬁ%ﬁﬁg%n? §%-i ncrease operating speed,

that is, to shorten the total operating tine. On the other hand, the

can be f edt e B\eRHER s Bikad in i Tteblted GEWaERG AtratispbRRR I HB ek By =" ¥
di st angRSpdwér Hladable ot eREYpeRder B ufiRSeE Béttdrahan REkAbWA tRIn8pbhdérs, SO t hat
the m crochi p conmponents are just operational. It has turned out that the

inventive measure permts the transponder range, that is, the maxi num
di st ance bEonshepurpese thesmyentiom ppondes a transpondenivithl 4nyindtrnal digital oir-

S A el il ek i B b
et Patma et s 8 cobtaeHRSy b B Safrul sEmERE eBelip Beld o 1 o

i Nt er nghdq; g}ﬁd\? @ﬁﬁ"' ﬁﬁgfs f e
wor Ki ngMgﬁl C g?ﬁt eﬁcﬁf%r’iﬁ I pdelms ad) utsrt e 0 ?%n@%ﬁgi&dél??gg%?@?hg%gnal ,
whi ch tlack firegassdyt &ghs*@g;&ﬁbe for &djstiig thedléclefidqhdiydifthaRicokodpngen
reader and transponder. There are several possibilities for realizing the
cl ock Huidependerce on the Geldrstreagtivaf theaxtetna eticeficldemthiedransponder. a

vol tage-controll ed oscillator (VCO whose input receives the unregul ated

oltage fr he y.eciifier and 0 t delivers the cl sj gpal, said
\(;I oc kgsi gn’gﬂéiﬁﬂ'ﬂ 'éﬂé*ebg}lﬁg}qc;gonpﬁg@ses&e : &PF%‘;‘X“ @“MIOE%(%Biogg a |
LT he R TG U S b SRR Ao o SR SRR sty
is realé¢pendent o1 fiehbstedrtlof Field stegngth obnh be mic@ursdandiiheicieck fre@ierdy S

purpose the differential signal obtained froma reference signal and the

unr egubdijnstediinoideperdanice tomethe anedshiriog result; but the ddck irequencyi cant alsobel ue by

an anal og-fo-digital converter,, optionally. prqQcessed addijiongll nd then
suppl i wiftadin fﬁ%aéfw omipducedivolibes smae iddicsd voltage. éeemciﬁ o thedealdwnose

si gnal _J| i I } I 13, VHz)
o1 el SR cRRE ek, et A Bk Bn LB CORRRERR Py bR R,

di vi degigitaPcizbiie r@élﬁb? work$ ¥ reh@jusRd in Uepefidiice®n HE1d stenlf) tRatdg! Ween

reader and transponder, "the higher the unregul ated voltage ar the output of
t he rent dépendence on ke distinee bebecet feaderamubtranspondes pecsmalbdiskmcesber ence

voltage is, the greater the digital value obtained by the A/D converter is,
and t hevegneiepder andtranspoader arelatively gseatameuntiof ieaergyi is avadablens theit put
signal _,of the frequency,diyider a clock signal i ccordi high. It
Shout ot BEensBnt dRCST B the sl Heietny Sen be dhgersd Tiad of desbioVio

excl usj I Gl jni-ar i er.
For comeanbelfrtnby Sl tedkillof the ORRlLAARGT BUEIAACHROpARY JfBESRRKS!
requi r signalSsiificrehstk frequency is transferred fromthe reader to the
transponder via the high-frequency nagnetic field and is conditioned in the
transponder for operating an interface circuit. Conponents in the digital
circuit of Lohlgngraaasmplwgmlcmahlmemcupdriat@kﬂ(lﬁ/twhnelmysend:rgy-cbneumpﬂcy

cl ock si @@I are far exanple a RAM a mcrocontroller, an EEPROM etc. The
i nvent AOB Fipsughe growbeqmrespords ik frequency in dependence on di st ance

bet ween transponder and reader |eads to accordingly high clock frequencies
at very small distances. There igs_ rsecan upper limt for clock
frequency. In a preferred enbod#ﬁeg%Jggﬂiﬁgﬁinvention it is provided that
when a defined maxi mum cl ock frequency is reached a charge punp is
conneciyderd N order to increase the witing speed of an EEPROM bel onging 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 el enent. 19
FEB ? ~~a -s 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. Wen the
maxi mum cl ock frequency is reached the charge punp is connected for

. - epe—r—r—~s~A A b1 I




finaIIy activated. The invention is suitable in particular for use Ir"&FEB 2003

smart card, but other uses are also pBSSIb|e For exanple the inventive
transponder can be used quite generalPy in an identification elenent, for
exanpl e a | abel provided on goods, on shelves and the like. It can al so be

used ip a key IBQJV ﬁ g&grs or in an ignition key for releasing an
i mobilizer. urt her pos ility of use is in breeding aninmals on farns

for fagj|i+atigfrciitiea F@(ﬂwﬂce@ﬁhé ggdi ng. In the followi ng, exanples of the
>vent|on wi |l be explained in nore detail with reference to the draw ng,

‘i whiY Fi g. Opesatimgsvadtagequi val ent circuit di agram of a known t ransponder

i n conpecti onaxvth a schemajically (;FP reader; Fig. 2 shows an equival ent

circuild diagr afhverasg Wor REEDCY; PCY)eguI a for for voltage
regul ation; Fig. 3 shows a bl ock di agram of an enbodi nent of an inventive

t ranspondey, .Fi OWS, I8 S I of a
shunt  r egut hegnne orSHES Bl Vefuds " CoR B 8BnSer AdRINETSSHARGE, D
ant en ngﬂ%fbéw%ea%ﬁ nsﬁﬂﬂ)u%‘ﬁ @the Umbsnafmﬁtt, o1 thé ohe haﬁd,gandsclébléws a
sinmplified block diagram of "a special embodi nent of a clock fre- quency
adj ust fraqueteyi afthe avatkitigiclobk sémtie athet haid. di agr am of a further speci al
enbodi nent of a clock fre- quency adjusting device of the inventive

t ransponder .. 19 FEB 2003 _6_ Accor i gure 1, reader | radiates a
hi gh-fr equxhégnm@frstm%asweeﬁwsaauae ckfremitney tq b %W@mﬁlamh@u-i f

coup! eaustcd in step o Akt pelvedt 5 'P@ Pt pigt fis br@gwtaﬁ %a'sst !
Sggl Iéﬁat esb ﬁﬁ Id’%%&“ or’nethgybkaﬂ?ﬁiﬁ@l?go tﬁé nﬁlgrn&pggﬁf {HtEﬁb‘f

capaci that uSed tebe trcliBivehodéstdyedibiynthe rsheim@ghrétc& 16 elngyatilizedd murdmgu ned to
the transmtter frequency of reader L. Electric power available to the

t r ans ptontherinventiisoinet esse operatinggpeed.dhati is) 10 shortendhe total operating tinre. For
the energy required for operating the mcrochip to be received, antenna L2

t be at f der L. T f | d
Strength | DR D, Hid gonfies Hisaainecafbs iRt Fdie the dintaae

i ndi th
cur r oty At ehéxed it Rl oRind el tuBIRE whcbedlet 0%t Blatlely Breal |1
0.15 . distdncesMid tlock Hﬁ({ﬁbﬁé}a@ﬂh Be r€ditiedas aqsenmisaibile $npip sy ttmlthaﬁﬁcro-

operati on is effected constant cl ock frequency. The circuit shown in
Fi gur echipi comiperieptsearegustt dperatvmeal. Hias turaed dut ﬁlaatheamvenhmemem;tmerpm

distancefromantennath required su tage for o ting the
conponBAtsshetrangpoRder Tangs, ‘Fl;ﬁcl\ﬁ(ﬂl EE@’F@WIEB“I M‘?’B‘Wﬁa de f“é(? g j ust
reache r t t,

vol taggoi]@dtf@ﬁ% ‘#‘ﬁ{]{’ﬂ’@' Oq%% bfgle' a{ez)xc‘::eie:‘ qe&"b q%a’?’ﬁggﬁé%pg/; vol t age
if no countermnmeasures were taken Accordi ng to Fi gure 2, shunt regulator RS
is theref Oﬁaﬁgﬂohaa%suaup%% hebctifiératth@dufplt bPtheCRBYIREANknaXTRES POVer

into heat to kéep supply voltage U2 constant "in the case of increased

i nduc ednsegulated voltagedelivezed pyrihe rectifier depseddarcpreferredhembodimentofithe ween

reader 'L and transponder (T, the shunt
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.



regul ator is thus in the dormant, i.e. high-inpedance, state (when 19 FEB 2003
transpoender T exceeds the maxi num di stance permtting operation of the
transponder) or shunt regul ator RS is4nmaximally conductive, i.e. when the
smal | est di stance between reader L and transponder T is present. The

equi val ent. citcyit diagramqf fransponder T sho L n. Figure 2 shows shunt
regul ator In® T P&’rfgﬁsaém FB?QP’%ﬁé“‘é‘HE&ﬂS clock HRaicReEn @dBistmerint

0 ST R SR 5 R o U oo
-t He _COuplal BnbPOBAMCAT YRS rebiends s RARParPiHe WHroblSted VIIERRI The AL e
| (0] t he a n

antenna co reader. An 1 ncreéase I1n coupltng factor k corresponds to
a decrfggrsie cofiveéritéd g6 a digitatewitud be ah\anakupttordigital m“@mr,cwﬁcﬂﬂﬁzipioﬁ gure
a

4, the 'sélcgut resi stance of shunt rﬁg‘;l ator RSis infinitely hig t a very

smal | & addig’lonaldv\% end (Lhrl]m sppplieditatbe pdjvsting mnput 1of anradgustele hﬁdqennq,e i
Séiﬁémﬁei%wémiﬂépﬁﬁg&éh%“ Eoricvgnh e s BeRsenckae & A58 cr ochi p
tr ano i Fetlivd B ¢ b Mol R BB e e BafStaME RehBOIGL B8y e

requi rERIdck Spnallis tikasfoimeal The sirAllePHRAGIstanLe BefdhTehd@ andhengyver the
transponder is at a distance fromthe reader falling bel ow the naxi num

di st armendet,the dlighrer the gntepuibated yoliags atethe mutputef thordotidier vglthabihe?
constant by converting addi tionally absorbed power into heat. As soon as
the t rthashifaveace 3ith mspacidothe referemse vobiage iy, thegieates she drmtabxakog, obror e

when NRLCALEY ThernB cSmuiriEr . ibe SRR MILAVEGF shibenanacy Gl
nb d H i . r 3 Ry *
:boeemgﬁgﬁb lgt\éc |d\}\<§ﬁzgrl1% ?r%ﬁgg{tgﬁélgr?d %gﬁgaglﬁ g&?ﬁgna%gﬁ%?xgﬁf\lg;lm& “rectifier
12 is connected. Connected to the output of rectifier 12 is mcrochip 10

that receiltghotld®e pdinted cuttthat adjssdtinegeofdit dlocksigaal telates edcusivehitage Udd
I's al so received by clock generator 14 containing a clock frequency

adj uststrgtly entemal operatiosgequences cif dbk transpander.F arigonynunication with the i n

d d i nduced tified volt .. Thi d f th

T Dqudrager Bxp R RorEralat Ak breny s b tiedagid dofk FEBEPAY e bl ock
f cl Lop: fd s 1T ' .of th
i cr oo Ron e redfer 8 e Fan HORILO il highl AR Ao MALEAITANANAR, | °
and Ch@dlﬁtimnjﬁcﬁﬁsﬁ&d&%ﬁoﬁé&ﬁnﬁ@h%ﬁf@é@bh@ﬁﬁz 22 microchip 10 is

connected with interface circuit 20. Tnterface circuit 20 receives from
nmodem 24 a clock signal delivered by the reader via the high-frequency
magneti ¢ CompbRBnta303he digitabcutcuitof thef rangpendyr thiat 4’ Ggeratied Hysancad-For
transmtting.data, interface cirguit 20 fe transmttal data to nodem 24
so t halstahle faaneieclpsk signaliar fﬁ’r,_sm@alf%a ﬁ%ﬁﬁ%fig@ﬁ@@nﬁw@wa& onits the
shunt f«lﬁgﬁl@ﬁd? et 15 S ertle TEAREL P vglg'ingélo'cﬁ §éﬁ%‘é’ﬂcy 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

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

aid of a resistive element.



on the right in the equivalent circuit of Figure 2. VWen antenna L2 ¢ FEB 213
transponder 2 shown in Figure 3 cones_into proximty of a reader not shown -
here, thereby falling below a certaimdistance fromthe device, rectifier

12 delivers rectified voltage Udd that is great enough to permt operation

of mcrochip.10, thus of the total.transponder. If the disfange fromthe
Teader | s OBimeLobeioRat VO sl tislinges PeRCer rmsmandet il @Bgek WeSvol 1 age
i s adj . . al4 it i ipventive
chock Tr e éﬂégégﬁpé*g{hﬂi ﬁaﬁgtﬂ %‘Z‘%’?%g"v@@%? ééjﬁ‘#é q’@%cg]g\eﬁ%é@qrég%e‘% g%é)cfkc%?'r ent

* CONSUrfiieh6y o€ thd Working chsdK. WhilitHeembRinh@i ol RBGherdyEins YORKEaBe OPer ati on
is effected at a fixed frequency generated by division of the transmtter
f r equenhaygeopurnpas cemugeted faropexating the EBRROM of thé mischify, /anyl wlngnethat i on i s
al ready possibl e at much | Qqwer frequency in the transponder shown in

Fi gur €hargeyanp i & oIKBE Al ROBEVFR PAVEE unh geguates kpawarnithe ag i9bove a
certait?%a\jfl u%ié' ttm ver, there is no operation in the transponder. Wen the
range i Y5 %l ow, nore energy is fed into transponder 2 than would
actually be necessary for operating the transponder. This excess energy is
utilized tg,d ??&g : : } , eby

i ncr easi ngﬂ%éh%gg I C}%ﬁ@tfﬁ%ﬁﬁﬁ%&?ﬂlﬁﬁ%@m‘%’%ﬁ?ﬂ%ﬁi '?gﬁ ﬁ%éérugfeg‘,ifea first
speci alsepbsibloeRor oiam%lecthe geventiat erandgoratet cadibeqised duiteWenedhlyiinlanbe

expl ai ned, provided with reference sign 14A in Fi@gure S. DC vol tagje‘ udd
coni ngdentafication ¢lement, for pxamplesmlabal providadoon goods, 3m shielvesrant the bikee

'S Corlp b altoy Seaingkey. r ppenibedhora bt i af MBaon Koy SPHISEANDE BRI val e

t hat i. : ' [<QGh: 1 f. i - EV .. 34. The
si gnal @I%%PE%? q?réﬁig!tljée%df Q%lﬂ\h/ts gdefrusngs ?’2‘3@9@ %ﬁgﬁ W&l@@&tﬁ? equency
fl (e.idg Mahaper¥if indeeddygg from the voltage induced on coil L2.

Al ternatively, the signal With fixed frequency f | can be generated by

oscillator 36 disposed in the transponder. 19 FEB 200 - to Cainms 1. A
t r ansponddn the following, enamplesl of theginwentionrwill be ¢xplainediamomedidbail svithl ock
gener at cI_ocliﬁg}iaggnal havi ng a cl ock frequency, and an

Er ( 14) with a
i nter & eréﬂ%frﬁy%dﬁﬁ}”}n% ] d contactlessly by an external alternating
magnetic field, characterized in that the clock generator has a cl ock

frequency @dj | i€ =34 LUSt cy of
t he cl ock @ggggpb%&a&%%&éé%&@é%@g%rﬁ ﬁga%ﬁgﬁ @ﬁ%ﬁ&?gpﬁ‘% Oﬁg@er nal
magnetywithfa @hematichle shéwnyeagegier (2). 2. A transponder according to claim
1 having a receive antenna (L2) for the magnetic field and a rectifier (12)
connected to the receive antenna, characterized in that the unregul ated

vol t age ( Udig) 2 shewsman equivalentoircuitt diagraphef a écanspomder wiith aishist regula-
representative of tg'gle field strength of the magnetic field on the receive
ant enri&r fosvaltage regulalionan act uating signal to the clock frequency
adjusting device ( 14). 3. A transponder according to claim 2,

Vol t age- cder S ShbloPR dR i At e T ey i plbondl ™ °

unregul ated voltage or a signal value derived therefrom and whose out put
delivers tpg glshelsd graphicepresehtativh 97 thér@iaind® oft 4 st egulatod el CLK) .
4. A transponder according to claim?2, characterized in that the clock

f r equependenck on tthe gouppluigfactarshetwremnaboegve anttnga pfila trmspenderrand3®) t hat
converts th unregul ai d voltage into a digital value; - a frequency

di vi deffxtmaﬁnmna ?@§ bl e division ratio, i) that is subjected at a first
input to a fixed-frequency signal that is derived froma voltage induced on

the coil (&2) nd ii) i recejyes.t heough 4 h
anal o0- t o iRy P cBP%s ol SRR MISHC kg OR 85 o GREIRY BipaRhGEY of ok dre-
unregu%@én%ga\dﬁﬁgtﬁ%qieﬁggjahhi) whose out put delivers the clock signal (CLK).
~ 9 FEB 2003 “g_ I'n depéndence on the digital value fed to the adjusting
input, relatively high frequency fl is divided so that the frequency of
wor ki ng clBigk6Ghwata bloek didgrarh offa furtiuspesiabiéndiboditneéitt of & doslofrdt ngl y hi gh
at high voltage Udd, i. e. high differential signal Du.

quency adjusting device of the inventive transponder.




If the frequency of working clock CLK i s so high due to the small di$8ahEB 2003
bet ween transponder 2 and the reader that a further increase is inpossible

for operation of microchip 10, charge punp 16 indi cated schematically in
Figure 3 is connected for EPROM 18. Wth the aid of the charge punp the

witing speed can be.increased for witipg the EPROM Enbodinents wi th and
Wi thout aASRORng ygﬁnatrsrl,m &riaghates q&%éegwagn@m: eld afipigt

ot ool 10,36 R s BT i bphnat SF e ol TS S0 I iGiibtneBi oe &
- third ' vk f I
| ncr o Lekh S RPER] o Kb RHReL T o bk fe MRk MV EBIRRRY 1

maxi mags pevumd. LZi irent 62 Slowwisthesughl desistatRY of ity inpphe cizbwic KRDelesiphh il
according to Figure 5 Clock generator 14B shown in Figure 6 delivers

di ff eﬂmt%iadwomlgdu by Dmicrochipn dal paralich withgload RY. isccapariterye-thatfornisited
oscillator (YCO 40. At small distances,between tr.ansponder anfg"er ader and
accor BERET it witenag L2t Eesonant circyiArned o he Ganspitier Heguency,oldeaden 40 i s
rel at 'g‘vely hi gh, at small signal Du the frequency of the output signal of
VCO 40"is relatively low. The VCO can have further signal processing
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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 shuat regulator RS as a variable resistor. The specific embodiment of

shunt regulators in integrated chips is known to the expert.
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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 Ugyy 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 Ugyq. 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
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‘ l ]i?ezllcli, at a frequency of 13.56 MHz here. For transmitting data, interface circuit 20
N 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 Ugyq 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 Ugg 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 val~uc, 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 Ugyg 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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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 (Uyq) 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;

- afrequency divider with an adjustable division ratio,
1)  thatis subjected at a first input to a fixed-frequency signal that is de-
rived from a voltage induced on the coil (L2), and
i1) 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).
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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 U4 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 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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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
- ashunt reglliator (RS) 1s 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.



