(51, S2, S03, 504) belongi g to different groups is equal to or nore
than 80 mcronetres. 50. Citcuit according to any of the
preceding 20 clainms, characterize, in that at |east a reader (LECT)
as charge and / or at |east a transponder (TRANS) as charge is
connect:. to the access termnals (1, 2). 51. Circ it
according to any of the preceding 25 clains, characterized in that it
conprises several first acce termnals (1) which are distinct from
each other an' / or several second access termnals which are dis
inct fromeach other. 3052. Circuit according to any of the
preceding ins, characterized in that said at | east one first ccess
termnal (1) and said at | east one second access termnal (2) are
connected to at | east one first charge (Z1) having a first prescribed
tuning frequency in a 35 high frequency band and at | east one second
charge (Z2) 1 RFID ANTENNA Cl RCUI T DESCRI PTI ON The

i nvention concerns an RFID and NFC antenna 5 circuit.

RFID ANTENNA CIRCUIT

DESCRIPTION
The invention concerns an RFID and NFC antenna
5 circuit.
RFID 1s the abbreviation £for Radio Frequency
Identification.
NFC is the abbreviation for Near Field
Communication.

10 This is a technique which allows identification of
objects using a memory chip or an electronic device
which, by means of a radio antenna, is capable of
transmitting information to a specialized reader.

RFID/NFC technology is used in numerous areas, for

15 example in mobkile telephones, personal digital
assistants PDAs, computers, contactless card readers,
the cards themselves which are to be read without
contact, but also passports, identification or
description tags, USB keys, SIM and (U)SIM cards called

20 “RFID or NFC SIM card”, stickers for Duzal or Dual
Interface cards (the sticker itself having an RFID/NFC
antenna), watches.

In RFID/NFC technology, the antenna of a £first
RFID circuit (Reader) electromagnetically radiates a

25 radiofrequency signal over a certain distance which
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RFID is the abbreviation for Radio Frquency | dentification.

NFCi st heabbr evi ati onf or Near Fi el d Conmunfcati on. 10This is a techni que
which allows identification of objects using a nenory chip or an

el ectroni c device which, by nmeans of a radio antenna, is capable of

transmtting information tq.a specialized reader. RFID/ NFC technol ogy
is used in nﬁﬁﬁFS&?Sapgég,%F@ﬁ 1% &xanpt e“ Frehbsi yt%%@pﬁS%&SPa ot
per sonal di gkt al sasshdt arRRBIIPDAs i rcandput ef sragepbadetress warch may

epel Sy hacoBRIPRaLISTRAIARD BD! 6 AN Sy O chErbERh N, POB! A6

but al so passports, i _ on or criptron tags, keys, SIN
and (U) SI M cdidstcakliedud@." REERhor RNEC ScNreaid" , hetsi ckéss RoteDug)

or Dual Intepbacgragdsc(tihe shicekan ibsehbnbavicRgq@enkEl DY NFC
antenna), watches. In RFID NFC technol ogy, the antenna of _a first

RFID circuit (Realérp @@ dnaghdti it yPF ¥ aipeswithsRFID antenna
radi of requeney reugnal evernta cespt aie distBNEEedy Clof 2 et aiakseddica
that is to be received_by the antenngﬁff a_second_RFID circuit

(transponder FINGAPER nBY ot oAV RBASF b "dat 258§ Ehat g midul &fi%on
to the firstefificienhcyEach cREbDicior byi multas li tisdactemes Peapecat ithe
at its ur r e f . ral. r.ul
problengﬂﬁﬁt%bﬁFﬁﬁg n éﬁﬁagggg§ﬁ§¥é Hé?a%géfgﬁﬁﬁgﬁ%%%%#%n§§ %%%ﬁﬁg
magneti ¢ ant enda bifeneatiamspend@cnantheeaddectiraniq opphe 14 cilddcy

of coupling By.autyal ijguctancechet ween fdhe sk dnvo dBINEhESgy  and
antennas, to the transm ssion of energy and infornmation between_the
el ectroni ¢ paPECERATICE akEEMRED ahdet o tRe PFEARERESsi GF oftPénefgyP

and i nfor mat isgatket.ween the two antennas of the RFID system 15The
chief objective ig, to gain in.radi.o efficienc .em tted ar tured
magnetici ield po&g?,cg6ﬁ IF%&?C Fﬁaﬂsiﬁﬁug éﬁcé? &ESIP ﬁffﬁﬁge%C?
ant enna wi t hdemikesidngoanyagitgmald quadnelyi¢ddtialdi sporer on coantlénga
pandwl dth. ehae), %gﬂqlrzﬁi{ct%rﬂétedet%. 8621 VR 2ROLRRENNAR HALEN 1cRdlGed
surface areas f 8x3 are becom ng increasingly nore seen, even

| argel y reduédd siorade dardad Y( 845 tanflisde rap s c aitens as bR dyd d&&r ds

or pCards, stiekergnesmel! cheadens oropticenvey.det achabl e readers in
nobi | e te| ephony, _in USB keys, in 25

/ M c%rds. In_addition to
a reducetd (<16 mudPtEP RS Yel F@&HG@% eLx @ﬁ@)a§ﬁﬁﬁad§0§P§aFmbe?fe
often there akeowmahy Sinorehdaciiani aakeorseengctaten chasyeay ntredswel
as the prese%%%f%%ea§¥g§§r¥5x§'ﬁ%fe%gro%ﬁgfﬁgégéoﬁ% such as cards
or nCards, stickers, small readers, option or
detachable readers in mobile telephony, in USB keys, in
25 SIM cards.

In addition to a reduced (<16 cm?) or largely
reduced (<4 cm?) surface area, very often there are
very strong mechanical or electric constraints such as
the presence of a battery, a screen or display, a

30 conductor support in the field wvery <c¢lose to the
antenna.

These various electric and mechanical censtraints
cn the surface lead to reduced efficiency of the
antenna, to loss of coupling efficiency, to loss of

35 signal power emitted or received by the antenna, and to
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30 conductor support in the field very close to the antenna. These
various el ectric and nechanical constraPnts on the surface | ead to
reduced efficiency of the antenna, to | oss of coupling efficiency, to
| oss of 35 signal power emitted or received by the antenna, and to 3
reduced comruni cation di stance or r duced transnt sro% of ener%%&or

i nf or mat i on. FeAUCEEy o TR ki 78IPSEE EAPSHS
antennas of pe€deeedgly<de @ﬁ&br@ﬁthahgely reduced 5 (<4 cnR) surface

area, increasingl reat.er needs_are_bein ncount e r rding e
need for power on¥f3%e AHVEF o?fcgﬁ gré grlr§ ne% g?ﬁ? &9% ég fto'}
bandwi dt h of abtiernadi o cchanmeduted neétleven’ hncmeasﬂﬁggdéVa K&ﬁ@@ednd

standardsgin fgr%ﬁ %gggéclsq;g§443lggrg HglﬁFQﬁ#ﬁﬁﬂﬁpoﬁéeds are

|dent|ty, etc or tags
specrfrcatroﬁ@lﬁérQﬂQQQﬁ%ﬁGQQ]@ﬁﬁﬁEﬁl¥$i ) heed fampceeepf on the

US- A-7, 212, léﬂuft%dewrpbg daseri besyanridf of 8vd| onHdevbsedf oar wobit e
telephone rls g an 1E tenna coil forned on a subsérate %?5
rs

sheet of nag i ‘%rFQ?nﬁﬁ ntEgrat edc PV eI taHthesoridhc 82 tapdéi
connect ed t oahbHe ahiedNadsoiiln Tlﬂerbﬂt egr@i echsci LB6QI tt4cm’mrum033l edor

with an Pyt skde ageaLal s, dlruah use by the agsinacoll o acags)

magneti c de Fession 'servihg’ as™a battery § ei ving
section is fendedRBﬁDéﬁécpaspeoifih@t30m$ac%Obf'Mh@ cageiaw eerdrad
by the batter er. The battery, antenna coil and sheet of nagnetic
material are oused in the depression. A filmof vacuum evapor ated
netal or 25 a conBeepmgBtndi®rial. Ldatlidfy £ramyamed & odepertake, an

whi l e nf) fil ﬁh@‘lbr):ﬁg%li@m %réa,ﬂh b@@tm m@il@rtép@phagepf c@ﬁp@‘ﬂ@ﬁ_hk{;e an
materi a applied to attery cove ant en oi

arrangedl% ﬁggﬁnpﬁecﬁéﬁtgpﬁmfgv and ﬁér gﬁt %ﬁﬁ% fRETSh &
of magnetic nmatetriiall,30 an arnam@@dameﬁweenlthalantemn@ COirle same niclee

bat tery in the depression.oThe pngenna, coichhas,anpgter ediate tap

t he resonance pacifors are connect oth e S of the antenna
coi |, and théniceroegitaded cireuit | sawnEcadds n vhthcemi e Ioethrdele

one of the ends.of LB 35.ARLENRR 891 kHANdrthennter TEdate amet it
Thi s devi ce has nunerous di sadvant ages.,

20 field. A depresszon serving as a battery receiving
section is formed on one part of the surface of the
case and covered by the battery cover. The battery,
antenna coil and sheet of magnetic material are housed
in the depression. A film of vacuum evaporated metal or

25 a conductive material coating 1is applied to the case,
while no film of vacuum evaporated metal or coating of
conductive material is applied to the battery cover.
The antenna coil is arranged between the battery cover
and the battery, whilst the sheet of magnetic material

30 1is arranged between the antenna coil and the battery in
the depression. The antenna coil has an intermediate
tap, the resonance capacitors are connected to both
ends of the antenna coil, and the integrated circuit is
connected in the centre between one of the ends of the

35 antenna coil and the intermediate tap.
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It only functions in nobile tel ephones. 401 account of the presence of
a battery, the antenna nust have a very high quality factor before
its integration. 5 However, a quality factor having such a high val ue
is not suitable for RFID/ NFC antenna circuits, readers or
transponders (cargs, t us In a m)blle eIe hone, t he
reason this high ggﬁﬁeggﬁéﬁ 5afsa)éf%‘|er8kll PsfdSPSVERER ect ric and
mechani cal constraitnbsli0 f@memmmelsmlm@o©a|l@| rlmllequlruetsy fCaxc te@rc cofn ©
the antenna. Jkor.,co pgl i I

fotH%[P%%%éﬂ%% g’ H&ﬁ:?@ﬁ q%éméﬁ%%ﬁn ﬁgggehave a

constraints, this | Ci ent t'he ant enna wou
hi gh and wouIV@rg’en igthe ﬂtrﬁﬂehty edfzedoant BARArBandiSdt Hraregratdgn -

hence very S%%reezerl I taerqlﬁlaglﬂ@y%a&esrme%%e%@ﬁ t4 edigh Kacakvad
HF signal through c arq@(m)du atlon subcarrier of 13.56 MHz at 847

kHz, 424 kHznO’Zl?%ﬁza cE9L AR R OB i @%t%ﬁ’il?tEHIGPlFéceF\?é‘Hleﬁémé’rr

Al so the COU@rIalﬂlgp\MnﬂtérSal dcamtiennaraggali nU$Br E@ylav)entlnnala moblle
appl i cations t hout t.hese 20 conrzﬁ.r al
a

e t a
short di stan(?@lt? & tH® 2 TEAPERnaT (%2 &ﬁpf valieuxean%\’lay Fﬁ A tlf)arl
i nduct ance ceedtsed wosl dtbetsuchethatici tavabulmge fher ycat stcumsttrh?ents

SR N 0T PR nd e g o0 R

by the reader o "col e radi o stages of the
silicon chipFanrd e@@ﬁvﬁéééOﬂélposépﬁﬂeC@Iee@?%ct ioh of Vitpul ansté@‘?@er

silicon, thisggishira@ntRot HRVE Nguianfityi t&o&af OFi&hE @ﬁpﬁﬁél%@ltenna
capacity. Therefore docurregljeéf’?- Al- 2008/ 0450693 for exa

30
descri bes an“&HtEnndE déPrc eAPFal1]P ¥br IFBGHRF S mse™ ngﬁlératﬁdéﬁedit
has a conventingranhaak=aagerent aaf -8 S, éendedweirgnGeveate drirlargenent

of two p aII |nduct CEs ndf I Lt angepent f _t ri es
i nduct an a T QL chcem % pa%/lél f:ei(EI g %ng%o %gatl\rll\gcht%\%lg%
series i nductcalral(rgg mpde lertiodi nevsaprdposed 13 .19dt ablzy atequid’e bao

different sunfagegy.one hangeygnd age. Wﬁéhd etdhern Obh L& Sy or

i nductance of on two'inductances. The objective of the two latter
embodi nent s it§CEG VA oI ERP | ﬁlé»@ma?ﬁopoeﬁél@ggﬁeltls ettt G he

Cﬁ{.“ (rje of th%g%’l}nenﬂ@rb)écﬁlv%md |1|orﬁdrha.llaﬁ>}_§11d:£|ﬂﬂ§ﬁ§-n(‘eﬁ' anghoic a tHaged
enbodi to elim.nnate radi n hol es oyer ocat i yi

bet ween ?@ue SPPRhGETENS of“"["‘r‘l@‘El \(})&? antehn \f’?&rfﬁg Eﬁ% % C"[111gr"e fance
di sadvant age®eafveiche @t ehnantexnas J(&Zacmorﬁbmgekmldbeumhe mutual

US- AL- 2008 0430008 bt NI 620080 Ps,d niegh aked d e g0, ebaasad

card. Anot her vanta e1s e cou eV| ce’in
read node wi mhsé;rwetehemearftr@m@mestmnm tthﬁﬂe ﬁ@eaﬁm@;ﬁman oted tch

obt ai n Opt'”%%h%%ypihggpﬁhkﬂ'ar&éléféﬁsﬁﬁﬁd€%e reader to collapse,
Docunent sEP- A- 1, 031, 939andFR-A-2, 777, 141 "descri be an antenna circuit

devi ce % t CaNdFoRdEITRsEe toiFer@dich Sadaty Afwd e edildiced 1Gpip and

i ndependent @&Rie@NnNBead to possible destruction of the transponder
silicon, this silicon not having infinite calorific
dispersion capacity.

Therefore document US-A1-2008/0450693 for example

30 describes an antenna device essentially for reader mode
operation. It has a conventional arrangement of a
series inductance, an arrangement of two parallel
inductances and finally an arrangement of two series
inductances with a third inductance parallel to one of

35 the two series inductances. The embodiments proposed
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circuits.ln the device described in doc%rrents 20EP- A- 1, 031, 939 and
FR-A-2,777,141, a first antenna circuit “consists of a conventi onal
i nductance and the transponder chip. A second antenna circuit

consists of a coil winding formng an inductance associated with a

pl anar capaci tan%ei called a "{Leso t%r " he o ective 25 ?f t he t
embodi ment s PSRRI ITSAEHRS i FYRaftEhSERn hesuéfl ST omaghet érgi&grﬁl
recei ved by the "sres,bh,at @i'thanr anogendgd  Bemet hiemduaisin@nt emnaoci e t

h d d di 031,939
N L

strong, wt h@u@oglualﬁalmseelﬂg ttdweaéfanm@i’fHﬂyl%lfCaW@maS)éd t@%ld Slgnal

distance. s W0rse 3ok | 4W1eRCOUBhLRG eLEl CLEACY: A Serfid T P! Yo ShANG.
RFI D communi cati on between the reader and the transponder_ does not

t ake 35 plac®araglel ln%@F?P@ﬁal 180dt Hd saneth&hdr Knkpdiggnt, to

document US- A14mdhd 124 a¢ial thenmade e sWolvie ra 2C a\eRtiicenaly i nige peitaleein’
circuit, cou ged by nut ual u %an e with a first antenna circuit

conpri sing t k&% Fﬁ?ﬁgﬁa‘@rﬁt ftre &t PORERPE PYLEESSS1 i near, to
make things sinpl @nebecbﬂve&ﬁn,e fdisttyanthgeef fafLi eéhey @it el mi@vice
di st anc r ff| y ghet i, _fi-el r-e d, :
secondl ?&t h§ surfng(l;:11 o?‘gt he é’; en% c‘?’ﬁr (:zgﬁtegoql?)ﬁtglléﬁ Jra'l%x thaﬁ/, lz1a:nd
thei r frequesenneinipg. lIﬁngfaé;(Nhnﬁ-age ofn t kebesbedi n@@ﬂf@ dés@tinsad

i n document s o5R-Ayhn@35e930s and kR M, zllméi%g'Sofhﬁﬁuﬂﬁxﬁgyﬂﬁe in

efficiency is obt ai ned "bet ween the 2 antenna circuits, hence t
great est pos&FEBPe THEE ithFhe ettt g et gend h‘é'?%?o?%ta{“??%t&ﬁ tlﬁj@al

same remarks c@&dlilfo@rs doeymenbpbSiA- 7, Zg2iddd. coupling with a
Docunent 970, 840descri besadevi ce conparable with the two
precedin de&F88§P8§§‘8F. bed in documents EP-A-1, 031,939 and
FR-A-2,777, 141, | bothakn2sr es@mathotis, Gl 1ed t@ndrrpl iFI’Ry-PI-ﬁ.’e rigcdidied

20 el ect romagetiq i eld.-The 5278 Joar ki Lher 6o & ANl AR: mode

previ ously I'na tion, e constraints 1 ndicate cunent s
EP- A- 1, 031, 939e&Ad iPR Aav iy, :mg; #leedinigamld yhi ghderandendr @ntenna

difficult to qvesgeme Slme the t Vet esonalise dile ! 088 t QIR s
anot her. On the other %g% docunent US- A_3’78£l3 403 descri bes a

tri-di netSi ofarArdop 3Andeina i c B2 ded deei ald y TS VHRAHSGA

30 MHz to 30QiMdzlit Wirchidtss of a conventional inductance and the
transponder chip. A second antenna circuit consists of
a coil winding forming an inductance assocciated with a
planar capacitance called a “resonator”. The objective
25 of the two embodiments is to allow amplification of the
electromagnetic signal received by the “resonator”
arrangement for the first antenna circuit comprising

the transponder.
This device according to EP-1,031,939 and
30 FR-2,777,141 has the disadvantage o¢f coupling that 1is
much too strong, without guaranteeing the efficiency of
increased read distance. Worse still, when coupling
efficiency 1is extremely strong, RFID communication
between the reader and the transponder does not take

35 place.
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formed by a I ength of conductor, ideally by tubes, 30 which is coiled
into two or nore turns and which is moufted and linked in its
intrinsic design and operating for an aircraft by external currents
carried by its support and or its structure over a conducting ground
pl ane or netallic_strugture_or in a cavity which 7 may be ajr filled
or |oaded with a PERAEEEDEL 1Y di elRctFaRE ok SHATASr cRaf tLor documgat

| engt h of thius-tri7, leensmonaiaﬁ/HFb@nt eare .f orwiadlr craf t cohivelnasent=a

t he wavel engt,h or the t,he .quar.t er i andar d
Entemns. for VEROPRBGTen Ty STl RorBu Fhelof BGuEFAREE Sitn
possi bl e to ehé€idesi medenasorcdnceaiftr egmemdpinghitdet tirdnsposidenal tVvidF
ant enna for I f dedi c [ i p r d

i nprove t%e §|é§5?8%§h§ tlgélgh%gélgﬁgg%q a?%gr%a%%nhgégdﬁgoggfllgé d
| oop ant enna®esiestub famSérltnfas the @lfyiélcéeélﬁbfe@ﬁa§ea§§9§cFiéclslt@nw or

rising the |%@Qﬁﬁlghcﬁhe<§Pteaméctromagnghhé t@léﬂdﬁwﬁéﬁﬂékeVH%nd
antenna for aircraft has no nmechani cal "constraints about™ a pl anar

desi gn or vePFCPBidial IENFITHE RS cOhf brfh Lo?PhEBBRafi6RURAS, thelir
envi ronnment spebxeftiey,vany shelilr Srdilency tunlhigs tri-di mensiona
VHF antenna for aj, craft,_has_no el ctrlc a r dlofrequ nc
constra|£@s about @8up?9ﬁ ngﬁﬁ?ua? |H&H%téﬁgjcﬂﬁ% easfﬁ%f%%lqﬁﬂa ﬁ@ar
20 magneti c flceldenttisl t BPFAglof3hpddPat @dd dafR;Asel TTedisy drs f edditng
by external l du i e

criterias ang‘agog%%nr %‘ﬁ{%&%&%ﬁ% % \Q%tegﬁr?%gl a%}tp o%\l\%)?gr?pna
13.56 MHz. T&irgeiégse t RencransiSsi o9TeR tEmitt t e®@OGP 15 er ecivpdd ty

energy by thecamtrepnanti.t wes t@@&%lf%lr% teradd ar ampl ishh@r dehath® as
radi o transn _ssi on or rece|V|ng %&5 but this adds to the financi al
|r

cost and-avaitP&bPecErsrdy Y3nd= Qzﬁrobable di stortion on the
nodul at ed HF si gnabcuBi@ht i sE@-ae1possi Ble t odeseredse the | evelviek

the signal enitted t he .sil.i.con, but th| en Li
i ntegration, “CEERRS oglcéﬁﬁhﬁgr%é%woa%de%?ze geVlcﬁalg%S%g gégaﬁﬁy

safety, everdpn@mea§ﬁngEﬂehn1yO&hp&&9tyHKhnHRsBeéd76ﬂ ﬂéék ewecamﬁan
ggﬁguh{;?lt OL“@ LEeRALLS I0r €510 LR regli onaphy ki BGreased eneiQy ved

20 electromagnetic field. The same remarks therefore apply
as previously made. In addition, the constraints
indicated for documents EP-A-1,031,939 and
FR-A-2,777,141 are all the higher and more difiicult to
overcome since the two resonators lie close to one
25 another.

On the other hand, document UsS-A-3,823,403
describes a tri-dimensional loop antenna which is used
especially for VHF (from 30 MHz tc 300 MHz), which is
formed by a length of conductor, ideally by tubes,

30 which is coiled into two or more turns and which is
mounted and linked in its intrinsic design and
operating for an aircraft by external currents carried
by its support and or i1ts structure over a conducting

ground plane or metallic structure or in a cavity which
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5To increase the emtted or captured nagnetic field, coupling, nutual
i nductance, it is also possible to incréase considerably the nunber
of antenna turns. This would increase the inductance of the antenna,

t he nunber of turns facing the antenna to be coupl ed, and 10 hence
mut ual i nductance and coupling. Wth very cl ose dlstances bet ween t he
2 antennas (®2YcnpetREti sfjn]c;tedan Oirdeépa%FluthE eit herer Glitfte Ythe @

mut ual i nductiaegecwetlkdobe aviesy rhirghit.and woul d |l ead to
ill-functioning of,the RF syst ens i ntroducin r

QUi | Ly 15 eoert b nEe Bk Ry Shon T, Ehar g theRtE R das gHE ¥ebLts sor
di stance operatcoaft>1i5 ofose uunﬂhthﬁv&ﬂenqutordEHQ SbEUQMamtebut
Lhe grodulst edatE1shanal woukd befd | tereddbon RUNNRGsystans, vur

Finally, 1t is possib to act on the size ant enna, but
this is a vaﬁﬁﬁﬁpénﬁh?éhlkﬂrQﬁQQW H@b§?&§léhﬁuﬁl%ﬁ%ﬁﬁeﬁSaPOSSlble

constraint. o dhe | meention g@e%ﬁbhxesetﬁr@@@eﬁ@yobt @rﬁ@n tri-
antenna circuit having_transm ssion efficienc

a
transmitti ng3¢BREFLPBAL. VEFoRNERNRA p fiPosRITEE EFsﬁssdg?gk?aB?dtHB
i nvention i shaghRdweay eqma anneustﬂunmmpﬁnf@ thanecaptempaaboened

by a nu r l.east three turns, th nna_havying a _fir en
Cue mi nal ona 2893850 RA” bak TEeRHEPS el Eon R RRAR 0 ig 08, dprshRastBY
termnal s toscubn@mwe@n@hamge'dlguldeastemmmBIUﬁSpgctabbnlbanaeSﬁog

tuning at a ppeseLipedt yri pgtreguengy, havi ngafirst capacitance

d
term nal and a secoﬁg capacitance ternminal, 9 an intermediate tap
connected to the Eh@énﬁ&’laﬁidmélnﬁlpﬁétl fiHgm aHeem foF nfhaFsaits pest

connection nﬁ@ﬂﬁe@ﬁaﬂ%bunaoﬁa@rlamhersnagb@tteat Rah@radbisigh of tv@@y
t wo accglrﬁsj ter glnal S, - second_connection neans connectin

second t &M ﬁaWOQSthéx§é58H3”€%pﬁﬁl%BEEQI?E?ﬂPnéP e@ﬁégg@pgp “2ed

in that it cefpbifses: vetli sdednnedtichn meansconnecti ngt hefir st

capaci tance term ngh,and Lheseeond of he Areess. 100, Le0L0aks oo

respectively to a fifst point antenna and to a second poi nt
t he ant enna, nwhi&ﬂa&imxmneenéd ﬂ@dﬂﬂiﬂﬁquﬁnqymrwomﬁtrmenhhteﬁbauby

at |east onechipqf t Meuhl ENihaiSaIdll N0 48881 8EDOGE Mnie Ohethe

invention, said 15 internmediate tap (A) i's connected to the first end
term na|2QD) rgpneké Cant éRAE- (Lﬁlbyea%n@ea%ﬁ Frthateq sfade anteria

(L), said lntfélf:lliﬁ@‘l ab@ tﬁ@e&f‘ag b&iwge&@am@@uedﬂ@labe s@&tdnd endoad
termnal (E) ast one t erlg of, ant enna. %%)

20Accor di ng P8d8i§ éﬁﬁod héﬁ? SFetﬁ i Véntitd and constrail

of small RFID/NFC antennas at for example 13.56 MHz.
To increase the transmission of emitted or

25 received energy by the antenna, it is possible to add
an amplifier in the radio transmission or receiving
chain, but this adds to the financial cost and
available energy and entails probable distortion on the
modulated HF signal.

30 It is also possible to increase the level of the
signal emitted by the silicon, but this 1s often
limited by integration, technological choices, and
size.

It 1s also possible to reduce the internal

35 consumption of the silicon, but current needs for
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(figures 13, 14, 15, 16), the first point (Pl) is connected to the
intermediate tap (A) by at |east one tuPn of the antenna.

According to one enbodi nent of the invention 25(figures 13, 14, 15,
16), the first point (P1l) is located at the internediate tap (A).
According to gne enbodi nent of the invention, the first point (Pl) is
connect ed t oStHBE| r SEYRRAILEPRYNaFa(tBf Yof EHETantBRREAELENIpyMEIOTY

| east one tueapbS)lt9f Hhanteaad (df, thbe féxtstutpodmt meRh) tredtngthe
connected to_the ,second end teranaId9§) %t t he gntenna (E%ib% at

| east one tuFRSPE) bf AFE&En&"(LYe SCtiREcoPdi Mg Yo e SREr9Y
enbodi nent ofotkemphwention, the first point (Pl) is |ocated at the
first end term nal._35¢ Al LAY o] i .t.he
inventiog? t he se%gndgg%fﬁ?%%P2ths %%ggggg a%gthggﬁﬁggggegﬁg?g%%%ﬁal
(D) of the ahtehda. coupling, mpgualdingucsashe . erbodEmaABooPosRab1e

invention, the 3r38GenR¢ PAMEidEApiy tREaLRHRY (de SeEoRfaerdrns.

termnal (E) of the antenna. According to one enbodi nent of the
i nvention, tHhE1Se¥ORdIdESEH) TR CRHECIHEFT o°t heRfneBFRBDRat &"Fap
(A) by at | eashpene dfurfufs t hechng epna. ah@Aaear dicigd ocoigled, and
enbodingﬂ}egh the invention, .the second pointlggg i iﬁgngected to

the fir PSP m (D) LU e St 8Rfa CCLP Ly Tat TSt Voné FaPR®
(S) of the adtienmnacgk) betheesetbrd2pennenP2) (K€i ny)cohnectiednbs &he

second end { spaLnal () oot he: ILPINAIRL) i abuhesst 9RBLLUERCLS

of the antennagi ording to one enbodi ment o o

i nvention, tWeufdrd&e permt pPIR. i sndocwidd akedhetpnidimédingta cpapy

]g_A) ?f tget aeﬂf_erml@ (RLDF)LD fag}ﬁttéﬁ% ?ﬁﬁoﬂ@tzlg(ﬂgﬁir(fzé %éryoggt;gd?@bltilag
irst end termnal ( o e, ant enna : cordi ng_to one

orbodi o | OF SR FueBi PorfhCs IR BtV Lot oRan guLHED (oS POy

are separ at ediis@antbeobketatibnt éraedcal e itapo(Ad, behenf kisbspoiigkal

P1) bei t t he first i nal h . 5
(1) by a1 638 SERER uPHE(EpComBta EaberRa e HE VA B athetel)
bei ng connected REIPHEFSesymticnd terminal (E) of the antenna (L) by

at | east one turng th [ A ; ) i o] di-pent
of the invention E%§%%?gﬁr2§ ?%, 14)f&%ﬁ%1§£§%ﬁg %%i%?e(ggfgrgg £he

| ocated %t t RBtENP3Y ehBtt efhilfal 16D) 2of VEK& 2RACenWALCHhe 16i r SETFVnt

(P1) is conngebedab0et Badi AkepredhatecbaptfAinby at | east one turn of
t he ant enna. According to oqr enbodi nent . of, t he inventi%n

35 said intermedi at€ tHPY AR HEE T Pht&r nBiFats® obtain a

antenna circuit having transmission efficiency and

improved transmitting conditions.

25 For this purpose, a first subject of the invention
is an RFID antenna circuit comprising:

- an antenna formed by a number of at least three
turns, the antenna having a first end terminal and a
second end terminal,

30 - at least two access terminals to connect a charge,

- at least one tuning capacitance for tuning at a
prescribed tuning frequency, having a first
capacitance terminal and a second capacitance

terminal,
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11 tap (A), the first internediate tap (A) being connected to the
first end termnal (D) of the antenna (L) by at |east one turn (S) of
the antenna (L), the first internediate tap (A being connected to
the second end 5 terminal (E) of the antenna (L) by at | east one turn
(S) of the antennaI(l ), , t he second is located at a
second i nt er fe@Pat 2Nt 3PTEPLFLBF IR &%t e(ﬂ{j) th DRecyHfFna and

i nternedi ate talp)s(taa):tbeir@@ ﬁ:@l&ne@tledemmhesfl rst end 10 termi naI
(D of the ant gnna (L %{ aE | east one tur %E of Ehe arrllttenrrlln %
the second int &rmédi at&"” %% J(?’Q) & nsg &8RN 4%t o lf%e secon
term nal (E) otaph&ocaat gnmat( L)Y ttyleattWIoeast:etsnetEurmnn(ﬁ)s,of t he

antenna (4) . -138eeardi Bgohocens, eHogi Mool die gl TVER! L Bllodd1® ena
ta

capaci tance conprises a ur face forni
capaci tance teltﬁifﬁlépaéciﬂ) th& §éf@@ﬁdl @é@ép%éﬂﬂécéeﬁfé@ﬁﬁﬁg t he second

capaci tance te&ma@%bt(e@l@ed at least 1@”%0@1@%'1%@%“ c layer lying
between the fir éé‘o met al surface and t he second rret al s rface

Accor di ng t 0 0hE1&MbodiCERESS - WPhe MIRFESt i of OYFEddFaci First
conpri ses at | eaghcorandicel ectmigtal ayerd havengecdrid SbeI‘dteealaad:c&ss

second sj de di stant fromtheflrst |de 25- a f.irst t. I surf a
form ng jt(ﬂe fi r%str capaC| t &NC etcécrm ngl Et(il)()a or?ltrﬁ?a: frﬁ)sl'?l si ff fCC%tehe
dielectric | ayentenna and ’aoseceﬁd:omeit aiomfca’tethﬁrnnhgnnhe sidderid

capaci tance tegqi %%'nn(egt %999 ﬁbf_’ﬁt Oﬁft BRe3Qndkahaciy Gt

| ayer, athird sur or mng I rd capacitance
term nal (CLF) lﬁﬁr‘sﬁg‘?él\ﬁaﬂiuﬁﬂomft F‘i@ef |a|n§ten|1?§t aI surface on the first

side of the diel eatbbediayeio ohé embodimehe Liff Stmecemaz@nttqme; said
term nal_ (CLlX) defi %I n% a f| rst c%pacl tance val u(g(%ag h sesecondd
capaci t ante t@FFrASALEEEE) tap 15 hEORRT T ti taficet &7 i wal
(C1F) defini mgrmlﬁaSec(m)d oﬁpacuet amoeened uelLCl pwi tdt theasecond turn
capacitance %rm$§l rdge'ﬁ)n fiﬁéénﬁ 9&%% %%% “?%5“ 3ing

(C1X) defi ni coupl i g tap aca ance va t he
third Capac|p@n@@cﬁgﬂnﬁmawhecﬁﬁponEOEnd terminal (E} of antenna (L)

connecti onnegg,scé@nri%gsltng)tnléettk&lrrn @&IPG taresnker@hnal (CLF) to one
of the access“term nals (1, , ,
20 According to one embodiment of the invention
{figures 13, 14, 15, 16), the first point (Pl} 1is
connected to the intermediate tap (A) by at least one
turn of the antenna.
According to one embodiment of the invention
25 (figures 13, 14, 15, 16), the first point (Pl) 1is
located at the intermediate tap (A).
According to one embodiment of the invention, the
first point (Pl) is connected to the first end terminal
(D} of the antenna (L) by at least one turn (8) of
30 antenna (L), the first point (Pl) being connected to
the second end terminal (E) of the antenna (L} by at
least one turn (S) of antenna (L).
According to one embodiment of the invention, the
first point (P1l) is located at the first end terminal
35 (D).
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According to one enbodi nent of the invention, the antenna (L)
conprises at least one first turn (Sl),]‘%\t 15 | east one second turn
and at | east one third turn, which are consecutive, the first turn
(Si) extending fromthe second end terminal (E) in a first w nding
direction to a reversal 0| nt (r% connected to_the second turn, the
second and third £GPREI(ES. 131050 URREHHITIY {7 ont o8I dIWEVELERr St
(PR) to the bikshdendirer noEn?aI {D)1lotaesesondhai Adirpg endedteirainal
which is the (mverseﬁ %f tn@%nn' rst winding direction, t he
first point (‘P1) ~of %j aantenia (L) and the second point (P2) of the
antenna (L) bei ngAbGoaﬂedgortOZ@rtdweelm@nderatndOf hthd torvestis2, S$S3e.

Accor di ngs t 0 (06 nEmdEEN91 LG Jeanent Lan e e RALeNaAd( Ik rmina)

conprises at |ea ne first tarn east one second turn
(S2, S3) cond&durifvéhserRéESAEwo third and fourth points (E D) of

the antenna, t he ABcbiraghgt Won dnd )erﬁl@é@ﬂn@r@@n@ﬁteﬁiet entBatseeondnhe
turn (S2, S3) reversa Si) extend| ng

% oi nt flrséturn;
fromthe thi F&CBB nPLBE t FahetF e %IP %‘Ft i h? EPR) MheamMeisre ©
wi ndi ng di reqi)oby the 1:eeemndnbu1tmlr¢182f 831)9 extendizng from sai d

rever sal, point (PR 350t e fou L poki. (D)oLn.a segoad. ditection

of 13 wi nding whi ¢ e reverse o Wi nding “direction
Accordi ng t osegendnbedilment ()t hé si n\ﬂ@mmemte(dfl dor eshe2, f3rst32end

the ant enna Q:'e)rmﬁ%ﬁ“@f)s 8t 3nkeastr g fif PtbS;U”t (J%a}s@”gnét t' Wgast

one second turn consecuti ve bet ween twdo third and fourth

poi nts (E; D)(Sof Cfiﬁetaﬁte?rﬂ\te?mﬁe B rstthaur seesny Beiing cohhbctsd "do

E gi) sec ?ndd_t ebﬁpegzetdﬁ?a)olgylteﬁ sregwles @![nd()%l)eﬁﬁnl(nlaﬁ) (Ehhe f ihst a_trzlt{etm(ngR)
ex i om ir in e reversal poin

ok £ L BacbRortof SRtrAG. Thie dStoRd HhEnspestiag Lkt endi ng

from sai d rever sakcpoirat nGPRp tcmet Imnkﬁ@cﬂlxmén*q:)odaflt thD) inmeatseaondhe

di rection of i _ndi . I r th i_recti_on f
G nding 1. TERES PRAHE SR1° 45 T SUREEL &1 e T il eCatl @)
(A) of the aptfenhhe(Lynagmna he Is)ecorﬁdldpoitﬁt? (PR¥ond |peatted EHZi heS

first end tengingky Qe ofntheiaatentitn (khrnfhgor diD)9 0 GRE antenna
enbodi nent of the invention
20  (L).

According to one embodiment of the invention, said
first and second points (Pl, P2) are separate from the
first intermediate tap (A), the first point (P1l) being
connected to the first end terminal (D) of the antenna

25 (L) by at least one turn (S) of the antenna (L), the
first point (P1l) being connected to the second end
terminal (E) of the antenna (L) by at least one turn
(8) of the antenna (L).

According to one embodiment of the invention

30 (figures 13, 14), the second point (P2) is located at
the first end terminal (D) of the antenna, the first
point (Pl) is connected to the intermediate tap (A) by
at least cne turn of the antenna.

According to one embodiment of the invention,

35 said intermediate tap (A) forms a first intermediate
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20 (figures 15, 17), the antenna (L) conprises at |east one first
turn (S1) and at | east one second turn %%2, S3) consecutive between
two third and fourth points (E, D) of the antenna, the first turn
(Si) being connected to the second turn (S2, S3) by a reversal point
(PR), 25 the first turn (31) extending fromthe third poin E) to
the reversal 568 i) ¢PR % ﬁlésﬁlﬁgFeﬁpggéﬁFﬁntSP PR di ﬁdngtﬁ8%§§€5ﬁ§
turn (S2, S3toextendiingtf reom seddnimesler 6B DI the (PRyetnat hie) f byr tht
point (D) in,a_second dlrectlo of n ng S er se .of
the first 3018IFgCtI0n o mnnd&ﬁ d@ gh ¥ﬁ£g$n%st]% ﬁxfbl%lgét

| ocated at thetkrmstiiete ﬁ@@nﬂﬁm QQQHQ/mmmmentgﬁttpohbeeﬁbcdhde@mdﬁ
the 'nveQ§'O@er na?asg;on§¥tﬂﬁg %%%Eﬁﬁat ) aplenna Comri sgs %ﬂrn
series 35 a wn g turns of snal er surrounded surface 14
with respect (o Pﬁet @rﬁ§é€n§érﬁéumded by the remminder (S2") of said

turn (S2) or wth-regpeciedéhd hgosHif ace: sunkounslest by athes tslicasdof
t he ant enna ta one enbodi nent

f
i nventi on, tﬁ@tgrpﬁpﬁ§t88fxﬁ? ?ﬁggaﬁgén (§?t§PBad|gﬁr|bg?%dsﬁfépd
sever al sepaﬁatermwaBcaltpbamﬁg belngkmmmmﬁmmpdOt@nEhenﬁdeMEQMdof

the '”V%'C’(ﬁﬁ%nh aguny o) Sﬁf%ﬁ'ta@&een(n )f)g”ﬁ 365 B S8C00e turn

capaci t ance &tme by at “['east one dr ¥ ( conpri sing
10 two first (&nd sBcohe emuseriB31L) SC3H)e ase doydat 1 leermne divet € otreh

turn (SC4) c @9“ %'e'lglgt ‘berfrferc%teoa% W”Qe@&@'& é§94%er§%§i Fheof

third turn (50 ) being electrically separated fromthe fourt urn
(504) to def the atntr«%@a@t Mebbfuﬁrﬁnée@éﬁa@meaﬁ@én( ¢Sy Bét \R@@natﬂﬁ@nf@

first end (SE33). of the third turn (SC3) and the second end (SO42) of

t he four turn 3 of the third n
g T T her i SEERPEALBM EReoBEc SRECHIToT 603 the LAY EUPTh t TR
(SC4) than ftapatheahcestompd1©§@4h)fatsthmezﬁlfGumﬁthuEnrﬁﬁﬁg)thEhe

d end . 50 f
The Tiret end Labat B e Sur (e FHERY s0dy Phian Fr okt RE conshg s
end (SC42) osutrtf@ctonﬁqrtmmmr rtk(esoa@comcﬂmecgm@maae@@aéemmélbéﬁrl@
defined betwgen ﬂéb%tflcsﬁé smelég»@%;); 43 vy tlgglﬁg}“wt&éw tRA3)riand

t he second end (5042) of the fourth turn (50 According to one
enbodi neflt of'fRé PHVERCPOARNY hefeSESCRE MEist SMETAGPN (Si) of the

ant enna bet ween th@cb@tﬂ@h@”e@oatcﬁld admi A imerck the sB@omdvéapa@ht,am@
30 According_to Qne nt of tq§ |nvent|on fl gt qu I nq
nmeans are pr vra&d Fgcgnsﬁ?%pﬁbﬁ%?l (éfﬁﬁLlZ %y % At - i Hductdiice
between firshlayinie aatfilredstsighe anat na ($23ond Bhéeaduenaat from the
electrically %nggggg in parallel with the first and second access
35 ternlnalsf? 2) "and secondly the other at least one 15 turn (Si)
of the ahtenna, secénd &Ebipli ngeteans Hrefptovi dedmigdensihe cddplsitng

(COUPLZZ) by c@;gb bk ahbduCt aREEn Dt e )Sabdl ohRer £ afsi easlyeoner t Wi
(Si) of the an gg%r?gd %@%r?t | east one third and fourth turns
- a second metal surface forming the second
capacitance terminal {ClE) on the second side of the
30 dielectric layer,
- a third metal surface forming a third
capacitance terminal (ClF} 1lying away from the first
metal surface on the first side of the dielectric

layer,
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5(SE3, SC4) of the second capacitance (Z2). According to one
enbodi ment of the invention, the first Jc%upl ing nmeans are fornmed by
the proximty between, firstly, the at |least one turn (S2) of the
antenna electrically connected in parallel with the 10 first and
second access termnpals (1, 2) and,, secondly, the o r. at | east one
Turn (S Cof the AntBRna. Hoife SSHESH S| 1 e (OF6) { OFFofZby tne
proxi mty bettween satdpatheanat | easiuene (aan (Sidtctof tthe ankeadad
and the at |east _one_thi n o] turns 15(SC3, 5C4) of the
second capacf:'t51 %8&*‘%22)@ rtgr%lglaicgg?lgi)hg to one enbodi ment of the

i nvention, the thirdheurcthi8Carand tared ogrminak n(CECH) dafening a
interl eaved. cndi ng-19-opg, gabodj e of cbhe | pygnti ane thg20,4
third turn (E%%) (;orrpr]a%eg at ?east one thi(r )section, theefouéethn
turn (5C4) céApeciéangef sariansddctFéR) the third section |ying

adj acent thehf our thrsectdion: dcapacil%mﬁrl | &iwﬁ%@pe(@mpgag@mhigg the
I nvention, t .sect1ons exten arallel to_eac t.her.. CCOr ng to
e oot meABLaE T h: TRl o fen i g e i cese Thidd
conprises a kkpsticapael temaenad )Ca@nprising a dielectric between

the fi rsf(% capaci tgnggnkgr?giiggl (Cl%g%ngnd tg%gee&pﬂg%cap %iet ancthT-lrd

termnal" (A E), the Tirst Capacitance (Cl) being nade 30 in the form
of a wire, etebedltdinserettermimagri nt@d’)el eémentone of Actbedi agcess
one enbodi nept. 9fi nhe i(Avention (figures 16, 18), another capacitance
(C30) is connected between the second end termnal (E) and a 16

poi nt (P01) of thBCSRTEARE WRi S LERRHdEd *b the 4BESREIPBI nthe

(EtZ))d_by at If@@%ﬁn@ae (mrrtdﬂfpr]gﬂs%sarg@glo@aszt)oneﬁgsgsdi agrho (ene, at
enbodi ment of t i nvention (figures ,, the tuning capacitance
(G conbii adge8%, THF orput: Pt F0305E H-S o8hf LH A d "Sebond
capaci tance (Blich are Accasdcngitve,ornshenbbdstrerturof (&) | prérnidamg
(figure 22), i st it e S nnect ed en .
second end té‘cﬁ‘.’%ﬁnaﬁﬁ%E}S%%Eﬁl&he&%t E%%ﬁ%ﬁ% 1(8% hgﬁsgcoﬁf g\gi ﬁtl%?li?)g
whi ch is conAéceedivs the B rseversad n®EinS031FRbf conaechedd tar fhe

(SC3), the intenpedi atent apchd) bethgqacosmectad 19 tharsecaqrd, s3)

termnal_ (SC42) of the fourth turn (SO4) which forns the first point

(P1), tH i PStePEimondirPscad}dofretivd B Rt h tHRA (tScay e ofiitsd

the first endngetmirmdha(D)(Dof ihha arkemndawindingAcdereditignt @hdr® is

enbodi nent of . the i nventi gng%l%l gure 20)i t.he fi.rst caﬁaci tance (030)
e d

i s connect ed “B&t WELT "t © &ngtt & rtﬁdﬁglg fill—_')re(():Fl’f3 é antenna and
20 the second poi nt thE2)X iwsitcipaisitcoifiected tioet Arténnat (Lér Anpalthe

SC31) of th ird I { ;
i( nt er %egi at e%ﬁggh?A)ﬁdb{gﬁné%%%nggt gget %%?Eeg?%gc%ﬁ%”?%15%?%%?&?28212?%](

the fourdh the E5GPNAWANEh thares tRast i(Egt Feilnt (P1), the first
term nal 25(5041) aetot-Renfouit bddrdhmded©r 8 nghthenkehst cBNd the

antenna (L) comprises at least one first turn (S1) and
at least one second turn (S2, 83} consecutive between
two third and fourth points (E; D) of the antenna, the
30 first turn {(S1) being connected toc the second turn (52,
83} by a reversal point (PR), the first turn (S1)
extending from the third point (E) to the reversal
point (PR) in a first winding direction, the second
turn ($2, 8S3) extending from said reversal point (PR)

35 to the fourth point (D) in a second direction of
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termnal (D) of the antenna. Accordi ng to one enbodi nent of the
invention (figure 21), the first point J(331) is located at the
internediate tap (A), the second point (P2) is located 30 at the

second end termnal (E) of the ant enna. Accor di ng to one
enbodi ment of the i I’IVEHT,I on re 19 the first t (th%ﬂ_i S, .
| ocated at tH&First 8 EIC}PeH'ﬁn e(D)'fe r"?&steheogectbth iTRC (B3P 9ieg

| ocated at thHersecamei.end termnal (E). 17 According to one
enbodi ment of the.,inve t| an, .the at Iea one third turn (S

the at |east one %8595 *dr ntf’SC&Federel ngdémggtéon %su%rh rcug?%en%agmng
a second nat Ufaburesondfce ¥lr,eqGéncy,thde afnitegtnaandlb sewwmd sxtess

termi nal s; (1ge2ke LOGOUhar AR DO 5§ M coDDEE! St a-LBAM 20d,

with at Ieast one turn connec to said first and second access
terminals (1,(52y, 8é#i n@OﬁSWPE%Vgubb%W%%nt Hewi idiiar G i Bsd ndeyrah

resonance fr@@gﬁlﬂ@y (Et h@}t WEN$ hkeian@ cahaangad &Qrtsﬂaﬁtu%% erQqU%@QYlg
di f ference between t II’S% nat ur al resonanc; gguegﬁ/y and t he
§ rorSP s

second nat ur SPPESER ndeofF ueiSP1S BYERI Han TEY sz
Accor di ng tOmeeteanBl) rreniheof ft‘LIﬁEti nvient | Aig,1 )t hexaenbeagt foren t kihed

turn (SCH and.the s leant) ofe 8.7 QULLD LT D96 def i e 2 segand

sub-circuit haV|ng a seco ural resonance “frequenc firs
and second adéessttienm ral s téilndz)gt ogehher agicamda et e (Bf, S3)

connected tocthepyand wiitdy ala] a§%v89§a§“§3@1§‘1§2) chgnn@&teqeteo%eltﬂ

first and secon accgss term na defi ne firs
sub-circuit RavPig R)f ifsP SECENE Jiasehanse ofr é’d@é‘ﬁéﬁ‘ﬂ Wthﬁéht dienghe

bei ng ?rrange@vees]geh@tf the E&Qg*ﬂeﬁ(ﬂ“e@tﬁbﬂr emcelhletlwgen the first
nat ura sonance frequen nd the second natura n ce
frequen%/;l s equal Fggor Iicle%sgtthaﬂlgg I\ﬁ?;jL 25%@00#&1“@% he
enbodi nent ofintkemeadent aap tife aif |Eastaobentdi (W)t and (cB@?;)sea:mhd

the at |east gne.f quahh fr, LS deflpe & secondqsubsshnayl {ohaying
a second nat BPAl ot esénance T requency sécond acce
termnal s (1thg) anggenker(Li-th a nodule 30 (M connected to them and

W th at |east oneatuhRqa(Rd) ¢enneekedh@osaidnki I ot a%@]esefi%%n%fi%%ss
termnals (1, 2) define afirst sub-circuit having a first natural

resonancd? f r d§aSHEES the t lirhs BN PRF¢AMyedldo FIMRIIIRS 7T sdeast
nat ur al resoeaecafﬁrrsaquemy apd) t badseeonda3h nadair akcoegonange (s2,

f bst ant d
crhodi ment ob SInE o AVEHISR CELGGFgs 98, ta0yC ERG antatha HEORF L84 a
m d- poi nt (PM) tod Sdte sarpoirent, athat farsef enencéSpot ertingl ,cow'ntelmt&ni

| nb f h t h I t
Carminal (D) Po T o sl EpEECpen §5 U 08 L L Ra L BathE (P0G
t he ni d-$oi nﬂ1h€Pl\ﬁ)lItSdi tmieffseb%]n)d ehgen@kng naroqEphe thirdepedditnd B o

one embodi MRl Ofné hedvamanlii OBoihbe @iienna |4 egienta SURSEFALE€. of
10According 1o ane entqdinent of the Imusntigly Lhe.antennd.ls 3a.q
wire. 4
reversal point (PR) to the fourth point (D) in a second
direction of winding which is the reverse of the first
30 direction of winding,
- the first point (P1l) is located at the first end
terminal (D).
According to one embodiment of the invention, at
least one turn (52) of the antenna comprises in series

35 a winding (82"} of turns of smaller surrounded surface
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Accordi ng.to one enbodi nent of the invention, said termnals (D, E,
1, 2, OE dX), said tap (A, said poitts (21, P2) and the
capacitance (O, ZZ) define a 15 plurality of at |east three nodes,
the nodes defining at |least one first group (Si) of at |east one turn
between two first nodes (1, C E) separate from each other, and  at

| east one se¥dhd GPSHEFCH TR HEaSHISRE SotNEF MRARY 8Y) hét WEBR NG T
second nodes (62/) 202G Sepanatre {$DM eachiohheespatt| east-henauaffalcke
first nodes being different from.at | east e _of ond nodes,
first coupli ﬁ&rr%&ﬁlgegr Yor &F&e&ufgseﬁgqugcgﬁgﬁﬁlﬁé ?%PLlZ) by
mut ual i nduct anceAbebweéngt He fdanesstempading 8 )odf the Leasntope t Ghe
and the sgco greup e other turn {83 Hhugh fhe
fact that§t hggﬁ%rgst (g?ou(gf g%é o%?lgte%l@%asi(agne turn Ji S rplogs.tl{tl ong in
the vicini t y SeVefhé sepaid r@@ﬁséﬁ_aét Pllé‘_@ﬁs-one_ other turn (S2).
According to one apbeddreht of dilte diyemna: sai €nd0inkenmiibal s thid,
E, 1, 2, dE, dX), said tap (A, _said points (21, PZ%?, and th
capaci t ance (ELINgZICHRASITENCS] (FHI | T L1385 | BaSECPRFe&WEFeS 2 Fe
nodes defi ni ngzat foeasid @ye aft Nedasgr ome CEL)rdoftvatn |(Eat) avetirsing
bet ween first_.naodes .0 E) . separa o] ot her t
| east on%dus)eétgr?d fd‘rrdc%p ot a?eqoer}a%terg%% E%)Mo‘t hnée(?gﬂ}rgggs%l);} ggt \?&%ﬁ%
two second nedes folirtd) separ 46641 r ewrpadis iogherjo ahdrat kedstsegead
third group ohqdt |egel; oneselber turl (SCH: (§04) s neesesyo ik,

nodes (E, O X) separate fromeach other, at |east one 5 of e first
nodes bei ng GitEFéréntlilyonsewarabed &nemoftithefoBEbAd Hivdes (Saf) | &8st

ong of fi rlst degdes BQ} NG @itf E:@lreg&mnaim@mgaypalcqgg?qfc@nchf>f Ué&hiebzinlr dhe
nodes, east one of t third no bejin [ nt m at_| east
one of ﬁ]@ SECGI ﬁ&ﬂies(,sr&?(}-) iy @ecgzﬁﬁdn&%r@an@%ﬁe a&rd(r)&ih(?eﬁet‘:&nd
ensure coupl eng (GOURL12)Y hyremflowalthi nduct J15€d )het ween, firstly, the
first group (Si) of I o] tu , C Y n roup
of at |east one ot hJeCr%tet uf%’s%%Z%%fjhrg)ﬂ%%fEhg%fa@?gt %gtl&{aﬁeﬁgfgsﬁyg‘rn%p
(Si) of at 13urgast odestanid i Srpositheonsgdond hendi cihiéy) ofof hahe

second group £@f,,@h teas! (@re)Olheh ttdh (B8 first endeeRd )CRUPliHg
nmeans are provided to ensure couEI I ng (CClJPLZZE E) nmut ual i nduct ance
I t %Cr%z

bet ween 4§ r sfPyrithe F4Gst (Frdlp €BF) SECORE kuPh &R third
Sﬁcondlhy ﬁo ]EtﬂQnt hL$@I3gr qu_p]g_n@f aﬁrtleaﬁtg_qma@ltmeflrémr Rt heS03i r §M4)end
t hrough the t at_.t irst grou i east one turn is
posi ti oned |rE%f%ﬁléf Vi #n?ﬁ? Y t%‘%’g é%ggk %Ithaélt f%%r%t%gﬁe Sgtc‘r?élrd
turn (503, Seap Ascdidi ngl o tdree éwvodinmerturof t{$€4)nveritheon,sedrad25
first group (Sih 9t 3kd 838 PNE £ H{dL 1S %g éﬁ'gﬂsdf*ﬂ% ween 4 Necs )
second group of at Teast one other turnz and the thir g_rgoug) of
at | east2%ne o8t Hare t bR Ar@ SERXNSCHC3AceBRAICRg S HE! enbddilrEAE) ofot

the inventioppet B39 rdirstanggcagparating the turns (Si, S2, SC3,
01 bet ongi g t0,different grougs. | oo sual 2 9ol % 190 20 s,
di stance sepamnatrend & het tlganst (&le S2rnSCB1) S64) th20 antenna between
the intermediate tap (A) and the second capacitance.
30 According to one embodiment of the invention,
first coupling means are provided to ensure coupling
(COUPL12) by mutual inductance between firstly the at
least o©one turn (S52) of the antenna electrically
connected in parallel with the first and second access

35 terminals (1, 2) and secondly the other at least one
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bel onging to.different groups is equal to or |less than 10

mllinmetres. According to one enbbdi nent of the invention, the
di stance separating the turns (Si, S2, S03, SO4) 5 belonging to
different groups is equal to or less than 1 millinetre.

According to one enbodi mrent of the invention, the distance separating
the turns (5Fur82, (BB, BCA 1PePHYGHRG 't 0SUFPFLr SFRUPGEAFSIERN 8 qFAE
to or nore thadvi@ed0 rﬂ&roaﬁgﬁ@% Cé)upli-ﬁ@i S iciaumd@i stapcemutual
separating the groups of turns i, : ccording to

orbodi ment oft HERELPRCEPEOHc TPl hore ater SFRECTT as "cRargd ) ad /
or at | east ah#batnrtaensporder thERANS) eas tc lareg e hiis dc anrle Coad tho tlhve s

access Lerm NaLs (o) oe tne AGEALAING.LQ AR LTOg) TeNt of the

invention, the Ci'rCuit conprisés several first access 'terminals (1)
whi ch are di stinchctporiiaachootdrne emepbdirggnisever ahe20nyesdadnacddss

term nal s whiggh sare dighisngt fH@MsCaGR Ot BRfrned by AGGRS diig:LiqiaR
enbodi nrent of the invention, said at |east one first access term nal

(1) and sai dP&tvEeast bHeSsbdondhgcctiss Raphi e (oYrar & Sdnnett &det o
25 at | east @n@chinaSteChaf@gech2ly hannerwedi rist paestiébedsithi Reie
frequen$¥ in_a _high fre%uen%% band and at. | east _one,second char

(22) havihg &1€6E0RGYFESErThEG T G rEGdency /i €' afdther TPy
hi gh frequenthebanthe30Thankssto driiee tuwent(Sdn, dft tlse managedat o the
maintain ar bl LY r tocljimt | i e (s

qual ity fact%%%%g?hgggggghhbo %ﬁghgesgﬁgnc%$#ﬁ%%ueﬁ€y1%¥%ig%§x6§ﬂﬁﬁé
bandwi dt h at be3wgB)y | Radfdepthor madtht digesk r €asonhbre ofSkkardfe| yhe

i ncreased 35 jhandwixdtdyg Wahkstadrah BLaENIdYE Otk PET @R™ NEot Adh atied nar
21 received power e antenna and nai ntai ning aor _reducing the

by th
nut ual i hductZhce gefer &fed GulitrG o GFPRNG MRRCR t(Ré)second, ext ernal
RFI D antenna circackordbihgpad icnd agmbddiimedves£oaRe tih&ecneednt 0 the

readers of 1 eLe0nabld S 2o (6 I abiFto 3 brna FUFRs feve!  are
reduced- si ze iankeedrase<l6 cnR). In prior art RFID NFC readers
provision is nadeAE%BrH?ng to one embodiment of the inventicon, the
20 third turn (SC3) comprises at least one third section,
the fourth turn (SC4) comprises a fourth section, the
third section lying adjacent the fourth section.
According to one embodiment of the invention, the
sections extend parallel to each other.
25 According to one embodiment of the invention, the
tuning capacitance (Cl) comprises a first capacitance
(Cl) comprising a dielectric Dbetween the first
capacitance terminal (Cl1X) and the second capacitance
terminal (ClE), the first capacitance (Cl) being made
30 in the form of a wire, etched, discrete, or printed
element.
According to one embodiment of the invention
(figures 16, 18y, another <capacitance {C30) is

connected between the second end terminal (E) and a
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10 nore than one or two turns for the antennas of reasonable size
(>16 cnm2) and for no nore than three orl®our turns for antennas of
reduced size (<16 cnR) to guarantee both radi ated and recei ved power
that is greater than a m ni mum power and a bandwi dth that is 15
greater than a mnimum band. |In prior art transponders, the nunber of
turns is i np&Sadthy Ehk cBhplthf st irdtieRiflR 4t SThTH SIS hckCande

silicon capagkbynangcting desired tunilegskr eaweneyn(around 23:s86nkhz
up to 20 VHz). Fo%Fthe transgonder the%ﬁ IS th%ref%retgkttLe 20
i

freedom r egar di ng®FRETRGRBer “8f £0Fns SPROPRAE SRRt effa d Adyghtion
little freeddiivegasdizdg e ,r atico teffing erpprcitanive ARtlencampreses
little freedomfgoardiy aéﬁgéﬁﬁe"%&bj qual by tactor., tDe; gaptw e
magnetic Tield, ‘coupling an e tual T nductance generate uring
25 coupl i ng werhctihersecddd,. external RFID antenna circuit. The

circui; of th? i”ﬁ%&b&%ﬂngWh%thBn%orehb%@%ﬁkh%i”%fort%%ceﬁﬁkﬁ%tion
makes it possible in particular to reduce nutual i|nductance with the

second, 30 eXtfdPN&r RE'D ahfenhdlefr QAR GFE S nf-3 N r éeicPanested
transm tti nghemgeensithee ddrrurdrenttshensndy (8) espeehal byitenna and

t d.in th ive, t i nduct ._B i Lfyi ,
S AR R
etween roanaul t s op 1 O Nnurpoen o S|
aci ng urnsl%%e%t&%dq_lart%l“ Eaﬁi ﬁgk')g:c 'i>t%hle’H& ualnhaduchancs 1iyd %ﬁtg}r&?‘d

perturbation _ uency tu antenna circuits at
di st ances (<Zzeemingd ek le) oL THibe rBeletR ofiuird MAGAI vhiekt fweas

does not 5 take pliace %:%itr{’te gety ) meid pfrsadiatgdnol reeeiyedrpower .
Let us consider these r

system wt?h &8 n(lél,C%a’n O\I/‘ﬁ(rfalr‘lﬁ'lt 3 eg&riggﬁRgﬂgl/ Igggrﬁrﬁ]‘taﬁﬂg%ér P
10> The nmagnetiec afitelncha(H) is defined by: Al RR I1 = x-)- for
circular antennasACQo& i%ge @%nb%%eOfe%.%%ﬁm%%tth%f the invention
(figure 20), the first capacitance (C30) is connected
between the second end terminal (E) of the antenna and
20 the second point (P2) which is connected to the first
terminal {SC31) of the third turn (SC3) by at least one
turn (810), the intermediate tap (A) being connected to
the second terminal (SC42) of the fourth turn (SC4)
which forms the first point (Pl), the first terminal
25 (SC41) of the fourth turn (SC4) forming the first end
terminal (D) of the antenna.
According to c¢ne embodiment of the invention
(figure 21), the first point (Pl) 1is located at the
intermediate tap (A), the second pecint (P2) is lccated
30 at the second end terminal (E) of the antenna.
According to one embodiment of the invention
(figure 19), the first point (Pl) is located at the
first end terminal (D) and the second peoint (P2) 1is

located at the second end terminal (E).
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antenna, R is the radius of the antenna, and x is the distance from
the centre of the antenna in direction %715 normal to the antenna. D
Mut ual i1 nductance (M is defined by: 1,14)NlRsiN2it 114- /(R x2) -
in which Ni is the nunber of turns of a first antenna and N2 is the
nunber of turns of a second antenna. 20 Miutual inductance is a
quantitative descPEFOLEANSf tohe@d BRSPS HY ¢ hotB8ndB¥EBE1PBopshes
The quality egeeffégientnef therantenna (§33) s oefifed BY: least one

Q=L * 2n*Fq / = Fo / dwidih at -3 dB 25> The, coupli .
oot {1 ci ent| CRPTE dernedb ). SaTans"a erondathacibaprFngeving
coefficient @EKconatraditcesla qeabmhatevefrequency, the first and

pred|ct|0§f0rtg%%%ugl <§t€% %dhgfpengggékﬂe?f Fﬁ'g module

georret ric” di nensions. ahce ant enna and
L2 is the |ndﬁhtwmnaaﬁtqﬁs@@oh@aanaednalthh@qxﬁﬁﬁ$ﬁIoneetgrn (82)

i ncreasi ng thenhadi@eil GLeRCY 19%+2 AR %%Q:'o%da@&:%%%% %%‘%mQ%%qgs' ?Qd

below. 5 To increase the transn1tted or received magnetic f H)
if it is condderdsf ifatat RerPadISUP RIZFYIthdTUHMBM ATERe "RHIERRA

| as inposedrekheanuwaberr Npefndyr nshof cuhasamania atsinded i Ber eased.

10 frequency difference between the first natural
resonance frequency and the second natural resonance
freguency is equal to or less than 10 MHz.

According to one embodiment of the invention, the
at least one third turn ({SC3) and the at least one

15 fourth turn (SC4) define a second sub-circuit having a
second natural resonance frequency, the first and
second access terminals (1, 2) together with a module
(M) connected to them and with at least one turn (S52)
connected to said first and second access terminals {1,

20 2) define a first sub-circuit having a first natural
resonance frequency, the turns being arranged sco that
the frequency difference between the first natural
resonance frequency and the second natural resonance
frequency 1s equal to or less than 500 KHz.

25 According to one embodiment of the invention, the
at least one third turn (SC3) and the at least one
fourth turn (SC4) define a second sub-circuit having a
second natural rescnance frequency, the first and
second access terminals (1, 2) together with a module

30 (M) connected to them and with at least one turn (S2)
connected to said first and second access terminals (1,
2) define a first sub-circuit having a first natural
resonance frequency, the turns being arranged so that
the first natural resonance frequency and the second

35 natural resonance frequency are substantially equal.
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To increase the mutual inductance (M between the 10 2 antennas, if
Rl and R2 are considered to be inposed,1& hen Ni and/or N2 nust be

i ncr eased. To reduce the quality coefficient (Q of the
antenna, the inductance (L) of the antenna nust be reduced and/or the
resi stance (Ra) of the antenna 15 increased. To i ncrease

coupling (k) bet wBRERCFAENY ahPenfBS, EWECRIMAAE | AductBRce PNFPRESE
Ee idncreaseg (@_ﬂ@ﬁ@ést gmj ndagt, aneee Lialn&!&iﬂlélbz @meb@s@sa% %maspec%at

e decrease ut creasi ng nutual i nductance : e.pro ns
and paranete#ﬁhﬁeggtéﬁ%tﬁbﬁﬁﬁ %ﬂk&q%eafﬁ?%%ﬁfﬁﬁéN%Otentl?%'iglLE
difficult toahnegeadenuhdegl alfalturadi wrefthei eacyioh theeadieandrom
W t hout usli £ . m. tted o apt ur ed. g hc_ field,
to couplﬁﬁg,£B§ gg&ﬁﬁrggﬁ %%5&2ﬁ3§cébsag8 %ggt %Hb§§é§?d3§h5p8%h o
exanpl e, by kther easitigpnt hexpemderg off roar rigie amfdvpaiabl € BMicrieaséhes

obtai ned in LpdUghanes: kPt g1 Mpgnetic field and in nutual
i nductance, but the bandw dth is reduced through an increase in the

qual ity coeffici eRECOBETBIsERMENSz MR iFsadi i Ehoi teyention, ¥he
radi ated or gaptHhgdlragnehi & Ei:ekdrdepends on the nunber of turns in
t he ant enpa. Idea%I% tHe nunber ofé%g;n. nmust be jncreased

FePe &

The coupty ng coef £7¥s t8n v RS o of 25 PRE Fhalict Snces

of the 2 antennasnaBysredudireg the 24 inductance of the antennas,

the coupling Coef£%85§83n§e£$589etQﬁb%d%ﬂ%ﬁ@”@% L§ iEﬁ%@ﬁE?ﬁn Agai g,
i deal |y, either nutual "inductance nust be |ncreasea or the'T'oSs on
nutual i nductansénaist Be 1Eni Led2,5MiRial Cl¥ductaice iap alAuncepad

of the nU”b9509BtEUW®%,Oﬁxﬁnt§ﬂ@a§heTQ%b%E9&%nc€y &ﬂ&re@§ﬁngefbﬁe a
nunber of turns of the antenna, the putual inductance between the

2
ant ennast ncPélgasity Winglcohspdier 4PF6R @%aTe il PRGSE0EPEREBLEAL
ideal 'y, thezitndusisnceseoffiher 1@raapentss) nust 4wt 1basikncsreasedrn
The bandmﬁdtp %s a fqﬂctign o% thqjindqﬁta Pf t he anteqﬂgxgnga% e
i nverse functFoASGF tHE r &4 &tadte ot the a nn3?99585ﬁ|y,

t herefore, antéeama iamducdtanteaptistoniee savluokdcandpi g ragsi seantceone
| ncreased. 1glgogonclude qaohheprgaehi o lie! dochia nighes ofialur s

nust be the same or nore ncl ude on the couplin _
coef fi ciztht, Saegarei foust afeehmidthede thk Jamstoronacréaserr ahdrst

the inductanggqdet thentenna st Peomeddcadas20thLone! vle 9Bcond
mut ual i nductance, the nunber of, turns nust be the sa or_increased.

nodes, first coupling means are provided to ensure

coupling (COUPL1Z) by mutual inductance between the

first group (S1) of at least one turn and the second

25 group of at least one other turn (S2) through the fact

that the first group (S1) of at least one turn is

positioned in the wvicinity of the second group of at

least one other turn (S2).

According to one embodiment of the invention, said

30 terminals (D, E, 1, 2, ClE, C1X), said tap (A), said

points (P1l, P2), and the capacitance (Cl, ZZ) define a

plurality of at least three nodes, the nodes defining

at least one first group (S1) of at least one turn

between two first nodes (1, ClE) separate from each

35 other, and at least one second group of at least one
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To conclude on the quality coefficient, the inductance of the antenna
nust be the same or reduced and/or the ¥2sistance of the antenna nust
be increased. 25 The solution of the invention provides the

possibility, using the nethod of the invention, of parameterizing the
distribution of current in the antenna such as, for exanple, having a
di fferent cuPtEfE déndPty (iS¢ )at Pee¥SE™ FMPnsSFGPﬁﬁng”Pﬁ§SSO(énteﬁga,

L hereforedn?]Ese@@\tiaﬁ@ Frvn feddn C¢11|'Heeaﬂ,t irﬁ’dte?f@ agkennanandhhedcgroup
aving a di rent .current in_ at ast i rent .turns. not_.
having a unipgrﬁFc&Fﬁgﬁtqq?lﬂ¥ e&h%@ﬁﬁaﬁsl fi§C§8s§1 “@epo%§ﬁi3%ﬁr§
vari ation innbm&&umﬂma@ﬁxBSsépdnatanﬁeoan@améskﬁﬂaﬂme @?tm@eatabne

| east 2 tyrng LALMAG the antennand doallye knerefors, idbd:s one o
possi ble o promote or Timt the geﬁéral val'ue of the inductance o
the antenna tékat$seon®d nhdegal Lt ofethe garteraf ridsisst anededf benag
antenna, or eQrvehsely. rpdir QughiEhst nodinpkorypdi shrirbuth ome ©f at
current and variations in direct paraneters, it is jdeally paossible
to promote or-SRSH tOheCf ndittecth bl afefers Peielw ALt HRr Yehet BPBJ 36r
recei ved nmagnetis¢ binel &f micualedonduebaree, and coupling and their
distrib éons 10 in_the_ space gt t he ant enna, -nﬁﬁif re, in saone
enbodi neht's, the Gi Feart cHRPPLSBY nBaRsSt Bk I RE Gt ribuT SR 1St
current non- gpivihdimcbet YEEHPEh2) t woyendsitofalt heiadtiehance Théetween,
fundanment al di.f ferenc an . r r 5 r.egi d t

prior art tegﬁﬁﬁgﬁgnwﬁpﬁ &6%%$E§%%g'aﬁ%lﬁoggp%ﬁtgﬁﬁggi#ﬁ%ﬁﬁ%ﬁlkﬁg’
ant enna consissEONGYN idioseeemd . grauPhefcerivekra Dhabne o6phant &naa,
current is cqrshdengddd bendi ghly ynbtorme Thers: ageohbhereioresf ew
means for_paraneterizing or to 20 cause the direct paraneters

(i nduct ahte, T&REENMRNT eSS ant®, PRARGWPEER) b ERBssIAAR W AT the
i ndi rect par asebers gibi@gnsfi Eted eastCapkubeteragneti qsbiel d,
coupl i ng, nutual Lnduc%% ce%buT?e solqgiqg of the ggvgn&iqy a%ds%g%
possi bl e 25 enbodi MmNt TheRC TRt T0dudEdHe E6iTcebt °df “a“parti cul®ar
arrangenent cbupddugt dEOFPLAEd dapacittadcesducdrmest ibert weemmifialsgly
so-cal l ed "acgtjve'; idd [ggge 180s£all ed.; passjyet i -pductances, 41
so-cal | ed "ng gtidésﬁﬁgﬁit ncgi"ﬁa fom}nge?dea useuoﬁ tﬁé ne-y
transm t3@d &hecdftivikd BRPaghefitc At Ut ag, LHERUASC3, SC4)

i nduct ance, %ﬂ&oﬁ%ﬂ\&iﬁg Feact _t}]uqﬂ hﬂ@hé yfi.?spa@t:gﬁpl as1ar b@ngﬁﬁﬂ_h@tasfif
capaci tances with charge or with charge plus inductances or, with.

i nduct ances OPSwi tH A Fedﬂﬁ%ﬁ%l?Wﬂsngncﬂ#EhiYlFéRé%§5<ﬁ%r€h?nthlrd
obt ai ni ng t hgrpugpesedtoljeactt wae o2ber turnThed3pveadion will be
better understoodyon feading. | e, £ oL} owing. descri priony abyensolely
as a non-limting exanple With Tt erence 16 t he appén ed ram ngs i n
whi ch: 25 first group (51) of at least one turn 1s positioned

between the second group of at least one other turn
{(S2) and the third group of at least one other turn
(SC3, SC4).
According to one embodiment of the invention, the
30 distance separating the turns (S1, 82, SC3, §5C4)
belonging to different groups is equal to or less than
20 millimetres.
According to one embodiment of the invention, the

distance separating the turns (S1, S2, SC3, 8C4)
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5- Figures 1A, 2A, 3A, 4A illustrate enbodi nents of the antenna
circuit as transponder according to the?®nvention, Figures 1B
2B, 3B, 4B show equivalent electric layouts of the circuits in
Figures 1A, 2A, 3A, 4A, 10 - Figures 5A, 6A, 7A 8A, 9A 11A show
enbodi nents of the antenna circuit as reader according to the
invention, Pelonging; G & HEIEy, FHUEE, 1 9B 943B E%oWe&ﬁ?\?altélﬁP
electric Iayqat&lgﬁlhbar@ngU|ts in Figures 5A 6A, 7A, 158A, 9A,
11A, Figurg i,S |em10f aq? ant en f gge enbod%nent n
Figures 12 to 46 ﬁS\RFS‘PrBSd Ferft's of et u? EorHi g Te 8t he e
i nvention. 2distahae fckpawstinlge dheennaraisr cUistl,calkZei t I$€13,be S&4)

circuit e t ey ¥ apt enna;,
circuit V\%?I c%e?gg |lv§s t(ez’jl ec{}%)én%gﬂéﬁﬁéég%l aét ¥ 19%% ag{jhgga%fegr%n%halnn
a first appl iicatilddmetse€-RFI D antenna circuit 25 is of transponder

type, to functi OnA%%o%dE’_ﬁgt 2Bl Bneakehiol@thentO olfe that Eigﬁf%h%q@hn athe
paper docunent such as a docunent issued by an OffICI aut hori t

e.g. a passpBrttadsSB k&FPArStMNGar d&CandVEDPsI Medar ds callg " RE

NFC SI N car dbeishigiker o efi Buadercargsowss Dual egal nter baceocear d$1an
(the sti i.tself ha |n an RFI D/ NFC ant enna), watches. In a
second ﬁ%ll@gtfﬁﬁ P& RRI'D antenna circuit is of reader type to
read i.e. at |easChieceive the siigianaeadsapedabynghetRel By=mtrenna fof
a transponde h defined in the first case, such as nobile
phones, PDAsrtur%é %%g %% Ceneral ly, the circuit conprises an
antenna 3 forned BﬁCQﬁdP@§5ﬂ3¥hﬁ§eQWPQQ#M§Qﬁ afcotductoyephian, 5at

insul at or substhate aSUBeIB@wr Axcghaveancankgegenent /defi ningiadst a
i nduct ance L havin rnlneg val ue between a first end ternln%ﬁh
d e

of the a%?enﬁ§a§5§ & seégﬁaN§ f8r nFRAFIE ofS t HP UM Erifh
enbodi mrent shewaski gerednbAsand,1B,) .the 10 antenna 3 is fornmed of

t hree consecutive turn%bng t%? %ES %B%gﬁ%h%to%ﬁﬁrtﬁgdﬁﬁﬁéﬁkQgh Et %

the inner end terfinar frSt access termiha I ST cohnec
by a conduct orirCONIA tonpnisas eseadiratle fapsor sovessnedéamenabs pduldt

A of antenna,3betveen itiscend:t efiRakach Fher and / or several

20 second access terminals which are distinct from each
other.

According to an embodiment of the invention, said
at least one first access terminal (1) and said at
least one second access terminal {(2) are connected to

25 at least one first <charge (Z1) having a first
prescribed tuning frequency in a high frequency band
and at least one second charge (Z22) having a second
prescribed tuning frequency in another wultra high
frequency band.

30 Thanks to the invention, it is managed to maintain
a reasonable qguality factor or to limit its increase
(the quality factor being equal to the resonance
frequency divided by the bandwidth at -3 dB} in order
to maintain & reasonable or scarcely increased

35 Dbandwidth, whilst maintaining or increasing radiated or
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A tuni ng capacitance C at a prescribed tuning frequency i.e. a
resonance frequency e.g. of 13.56 Miz ublto 20 MHz is provided in
conbination with the i nductance L of the antenna 3. 20The second end
termnal E of antenna 3 is connected via a conductor CON2E to the
second term nal CIE of the capacitance C The first term nal
d X of the caf&EivsAcePCYes cg’ﬁ(ne&h@d FrESE8Rdueher EaBtaiginge ©F
inter rregl at ert@pcAngd forei ngua ddlr st 1§auataﬁa;eof dqé}eemwnad&rlnﬁ;
A second access termn i's,connected via a .con to o_the
first end tel’:fﬁuﬁsdllnﬁ fd’fjrﬁ%h 58 ecSREOPSI Nt $F orfnﬁ %ﬁfﬁnngn%enna

Point P2 is difftedient from point A 30The two access termnals 1, 2
serve to gonnect di e he ?n'. S
at | east %ne turn§§ g?%rgmcglecnu he %A\:Efr%gtg pdé%n%&ﬁ%ltgﬁd%t egpste%:on& it
point P2. 28he antFppainter muth atox t &WCA, LPINEs @dnndet & ity t Rt

end term nal gP1Bynat lRasle @N& 1 Ufé‘a%l@ébié‘esﬁﬂée@@@—c}nz)e afdt ¥bn 3S3
in Figure 1. The internediate tap A, Pl is connected to t cond

end terninal °E off ARTBAnaTPrbyr8dafefeastCond”tenirs of<]a$t%r?\r]a LIn
i.e. two turpsiSt asmthc SRFID/NFQUreeddet® wiﬂoarhstlba i N$ emaeidi af @rtaﬂ@ A
i's Iocatﬁfl bet ween inhe turns 53 ar%d 52t f t%l ly, accor di ng
the inv i offr mﬁ?D °BS 1°%2, KO Elrnélxoﬁl ffgrmélpectrlc
nodes of theré@sonabunet s5itke (pd|6ntcm di aedt Eyrconnmotedth@getheleef orm
the same ”0d$ ul Ol EXAIPLE - V"'b%’cérl}ﬁaSCOBE‘eC}e'g%%e@aé‘f @r‘?&'ee%}npscto
conductors WO sep arate nodes are connecte east one turn. In
t he equi val eﬁva§éﬁ§@§t i BoShowrrdHi aee BB t ﬁécfsvéﬁr cRPver n Hajur és

1A, the ci rcg&tealt@rFlwre L AR &S gfc%eﬂ ngHgt angsyddwiCAlH edhad is
active inductance formged by the third turn S3 hetween the access

term nal s 1, 93S3BEEWSER™ ﬁemllﬁtlg’tuﬁ’eﬁiaé‘lde t1&p PAL&Rd 3dr AiTRAIS e Sr e
is a second ithduchanberlL2ofcathedspassi vanpaskdt ance,th20 feampedriye
the first tunS| andthescondturn S2. Th |n

lies parall eFj flt h%hecasggfe Qﬁces%f%e V\B%ﬁgt helclloln er mg%\%?{lg? IB%R
and termi nal tEe Thes saal otunhedf ifstquamdtct daceund aid Xedthrd up to
| nductance L3l gyequalpdo dile {08 adpdAGRIEt BREEe ;L§5t9fert3%r@ntlelr%r%qe

Evi dent ln%@ e antenna 3 has a resistance Iin series wt
L

i nduct a fxpedont eretant nbuphe n@u@555C|Otfaer’é§1§/\h+‘éht5Pe aﬁ&ten@ﬁom
in ﬁ' l | t he ; lgﬁ'dr ﬁ&ncthl%@g@ciftbr@@@@rrp een f LRy rtaxﬂa@ (éffflca_ency

t echno ogy an usi n ri cat.l

Houre 32 PR MRt ARY | hEE €fp%e%  nbearFaanEy S Lo

free regi on o_fn tﬂ:ﬁeesupmmaiye facthe, certia ecat:tulrredt unagn&: i¢ n Miedur, e
1A, the Capa%bh%ﬂﬁ%gc and the mutual inductance generated during

25 coupling with the second, external RFID antenna
circuit.
The circuit of the invention, whether for

transmitting or receiving, makes it ©possible in
particular to reduce mutual inductance with the second,
30 external RFID antenna circuit operating in receiver or
transmitting mode, since the current density 1is
especially concentrated in the active part of the
inductance. By simplifying, for the purpose of
technical wvulgarization, the mutual inductance between

35 two circuits is proportional to the number of opposite
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is formed of a capacitor having a first tal 35 surface SI X form ng
the first capacitance termnal d X 26% second netal surface SIE
carried by the substrate and form ng the second capacitance term nal
ClE. One or nore dielectric layers are Iocated bet ween the first
metal surface SD( and _the second netal ce.SIE._ 5T odi_nent
Shown Fi gur 6E 3P ARG CEBenaRGERRy CRGSELbr o PG UCHEFHYE (oo BRPT EPBREy
of the antenﬂlamatsThEhentxmhmﬁamfmvmoﬁl gliregu2Acandc@Bing afvathant
of the enbodi hown. S a 3,

i nt er medi at elagggkﬁ,g 2\1@]1 étglutr océ?edr%l%\%een tlgltgyﬁ'r%%s A‘?{ldc fro$he
i nt er medi at eexapPrAg) PlThgscmﬂdemte@q an H@@mﬂteﬂ@u@hﬁin@woaﬁ neast
one turn 55 ofafhe SNl the et WOREHENS: 52 r8R4a83d e received
internedi ate tap P1 is connected to the second end term nal E of
antenna L byP?.Heét- | east one turn S of the antenna L i.e. a turn Si.
The capacitance Cres fof mednefidarcapiassé o \Mlill’éas()neg@freﬂﬂiﬂg an HF

015U, aYore,BRULIR ALl Ss 5100, A0 § SEG, il 1 oLagtn LG

capaci tance 28et eemsnal s€iXled tthether attsi de of the dielectric

| ayer. A second netal surface SIE forns the second capacitance
term nall@ E on #he Zheondgsedécofiehd dHel éet de€éihagepy: The first
metal surface SIX, together wtlythe.sptond netal surface SlE,
defines a capacitance 25 9ﬁ|=ue—9&m£§;;§;mdm met al surface SIF fornms a
third term nal Cl1F of the capabw{ﬁ"fce &) The third metal surface SIF
is located on the sane first side of the dielectric |ayer as the
first metal d$orfadec8lXrbant30ndisst dhcied Avaynfimoer t bf sthinst ofetak
surface S| X ehBenhll & capagid apeg, ber BENZh Chn dchikonngtd of by fpe
conduct or the end termn f third metal surface SI'F

t oget her wtﬁ‘lﬁﬁén%céﬁ@mrréthﬁ @ﬂqré‘céﬁsl@e d@ﬂ%@%aal%aﬁaélet:*éh@é %
value C15 3Qormal fhethbi edtephal surface SIF is coupled to the
first nmetal surface SD{ through the fact that they share the sane
reference term na QuEkthalnmedabytsdeéacHE) SLE, degihedanmba: coupling
capaci tance cal | ed 012. A RQ . N,ﬂ ’ R?‘ -

Ma, “wiiﬁ

2,/ (R} + 52 2y

in which N1 is the number of turns of a first antenna
and N2 is the number of turns of a second antenna.
20 Mutual inductance is a quantitative description of the

flux coupling two conductor loops.

» The quality coefficient of the antenna (Q) 1is
defined by:
Q = L * 2n*Fo / Ra = Fo / Bandwidth at -3 dB

25 » The coupling coefficient (K) is defined by:
! M
lv'Ll’f-E

The coupling coefficient (K) introduces a qualitative
prediction for the coupling of the antennas

independently of their geometric dimensions. L1 is the
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5 In the equival ent schematic shown Figure 2B, the circuit in Figure
2A has a first inductance LI called actd¥e |nductance formed by the
second turn S2 and the third turn S3, between the access termnals 1,
2. Between the internediate tap A and terminal E, there is 10 a
second i nductance L2, caIIed:§a55|ve i nduct ance, formed by the first
turn SI. ThelB8@RFERNERe O Pstlinfducidifdda |anhdl? héSsééananfiﬁaﬁéflaﬁce
L2 is equal te bhgeb@hglahe@uﬁgance L of the antenna 3. The
second i nduct ance 52 lies ga}Pl wth the .15 c%ﬁaC|tan% 02 bet,ween
the intermediate tap A BRGSthe E?%?na]o INCISAN A [ s B duEEaACe
Li Iies parakE€élciehbyt bé aompbnag1capatehaacer@1ﬁescrlbed below.
Capacitance O isnGoO L I al e 1.0
Corminal E T ehmsgosnt Tensiaf gt P LB o 2l BTPed PhaBfiptit
possi bl e to faetHer(H) ncrveﬁsétt e r%ns)lctﬁlf&cti they &het radiritenRaasdd

on account ofphkhe ariangeent of ahh@nﬁépﬁmafsarl%o@ecﬁndu@@ ARdn8F the
coupling between the 25 capacitances C ) he enbodi nent

shown Fi gureSf3AuaRd 38 t§eaaV§PP8ﬁthFttH§ éﬁﬁé@?ﬁ@ﬁt shown Fi gures
2A and 2B. In therenhedireert shawinddgur eﬁi(ﬁ&t@dﬁ’céB(MIhEeﬁWééh RakNnt
Pl is se_g rate fron1the flrzﬁtlnt r dlate tag aEd %s dlstanged
fromthi® fi FsPPFRPBARedtAt €183 %%Ee?u R 8% TH&S®
antenna 3 i sthenntd bdeomrNéomsetubeventmease8| S2, 53, S4, from

outer end term nal. E er d j .nal S anp|
Fi gures 3A and SB&?heigghggltgﬁge{%s ef¥lé{%ﬂ¥i§ﬁ§annpfe che
Fi gures 2A aattgBna, 31the lndnvrécarnqest {(Fht e:rfrreét eaRBpNAA | YFcabed
bet ween turns.84cand 23d/dhe fhestrdoterimal at gdap oF | $neonpgetadat o
end terminal D by at |east one turn S of the antenna L, i.e. the two
turns 53-andi8%r°#fEY5 intermediate tap A is connected to the second

end termnal E ofTbhejﬁnkenna &oﬁylﬂmglaa$tlﬁﬁmwdmﬁntﬁéoﬁ thecanktenna

Li.e. thet turns The acg ess ternln 1.i,s
connect ed to%ﬁﬁemPFFg &%é%a eMlap %5% n%u%?o n%éﬁfAFhe
10The acce551nduataabe2 iLs canmbcﬂéh t@fteth@na? EthnnnS|smnat be
connect ed t0gkerabaal (1Enout dec@%&@%ﬁgrhﬁ%uéﬁcﬁﬁﬁuE%éHbBa'ﬁel 2

there is a arge harge Z exa be a chip globally
desi gnat&d as S|Fb@o@f0biﬁm§(ﬁﬂ%)Rﬁﬁﬁ@ﬂ%ﬁﬁ%erqgab%ﬁeFﬁﬁF?WbFESéﬁ?
bet ween t he aﬁ@egglq6nqh@als The termnal O X is connected by

conductor CON31 tg a firs int. Pl of the antenn te from
its terminals D, Et Thé f%?gf ipdtht ¥1 |¥9q§ﬁﬁﬁ§x;%%ﬁwéﬁ'%F rng 2830
and 20 $4. Tbéfﬁbﬁ&hcgmdﬂ ﬂﬁb|§nmmnn£cw96h¢mtendubéngldatrEmbytato

| east one tUtRSAleble 301 eNAR bed nonbUin $4oiThe ol LRGN B

i s connected Secon ternl na antenfa L
one turms omuanaénmmdpqtaacqrmﬁmﬁrée wmgnbﬁiﬁwﬁﬁt@ndFei example,

25Term nal Dpiorng Lhe Second ipoi fyd%er of turns, a favourable
increase 1s obtained in inductance, 1in the magnetic
field and in mutual inductance, but the bandwidth is
reduced through an increase in the quality coefficient.
30 To summarize the possible cheices:

The radiated or captured magnetic field depends on
the number of turns in the antenna. Ideally the number
of turns must be increased.

The coupling coefficient is an inverse function of

35 the inductances of the 2 antennas. By reducing the
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According to the invention, there is at, | east one turn S between the

first point P1 and the second poi nt P2 24e. turn s4. The
third capacitance termnal ClF is connected by 30 a conductor CON33
to the access term nal 1. The terminal CIE is connected by a

conductor CON2E to termnal E. In the equival ent schematic shaown
Fi gure 3B, tREICLEGCE L FitgGr 2B PRAS a fiestCPwRiEr Anceetif 16drred

35 active i ndugt,apee fips med alaxemca@ Hs th\&Qélaste@r M Ngh 12, 3_21e&lldy,
point Pl. Between point P1 an A there is,a secon |nd%%taq
geb" O3S

L11 al so sai &* e WGAle 1 Gy TN 3. TRefwRendt RE
|nternedlateohamuéuaﬂd1hemmmaabeEmﬁsthbee1um1aedh|rd |nductance L3,

cal | ed passive | nelance, JOrmRd. by Lhe o tuLas 2 A0 Sy The Ggum

of the fiTst inductance Li second i nduc ance and t
i nduct ance L3uirsseqfalantenias + ofkerefeiet dpvelncotashaganhennanper

10The third LRduchance 43 1id esnpargl] el u ﬁlﬁt&Q@ qaa@@tta%eeb@tween
between the I'ntermediate tap A and term nal E. he second

i nduct ance LIRel i Hlasl 1WFER2ERE - cGdYEPAg %Hb%em%@rcﬁo the

15Capaci t ancaoﬁglllslgccwhe@ﬁﬂdxéﬂﬂ St i¥e& D1 ppi fhePli rantsatond| yrt @he
term nal paci t ance could be of the type shown

Fi gure fNF 'aEtePH§Fe§HS%f%ﬁ§v%ﬁgléF *&AG°€12, only having capacitance
C between P1 and EhenﬁahdamﬁmE51§AaamdnaBlon of filhe éntlodiaent of

shown Fi gureg, 3A and ﬁ% f%estﬂé possibL efﬁﬁ’c%{' nga%ettnge ff's%'a%@%y

of antenna 3 on accoun arrangenent i naton of
"active" andOfpé§§\ﬂﬁtenﬂﬂwté@%@%lhndtbapaéprancé@tGEBaTH@duCtaﬂce

enbodi ment  shown Ebg%%%%c%ﬁ ang 4@8‘%e%l%%%h%@t1%Er%ﬁ%e%nb0d'”Ent
shown Fi ures A and 1B. In Figures 4A and 4B, the antenna 3 |s

formed ffom t he s@@oﬁ@qgﬁfq%ﬁ?ﬁnEFeEmﬁanﬁﬁéchﬁ%ﬁlQGrﬁ?%aPuEPB§ gt
first turn Shur@ssmggmdb@umhesga@@doa thired turn S3 30 which are

consecuti ve. Turnﬁ Si the extegh fron1ale secon end ternhp%la§
to a reversal poinf F‘??I?% ?l P&t it e OV TOF W CIERE ch
Fi gure 4A codndapmadgetanwstlmﬁkmthe @bnectmnnlnﬁmeaSS@.exm@hds ﬁm@m

reversall POl BRoPR-EACKN S Liat A LEr AR 10 iBaAcageond 35

dlrectlon of i ng opposite t irst win g
To conclude on mutual inductance, the number of

turns must be the same or increased.

To conclude on the quality coefficient, the
inductance of the antenna must be the same or reduced
and/or the resistance of the antenna must be increased.

25 The sclution of the invention provides the
possibility, using the method of the invention, of
parameterizing the distribution of current 1in the
antenna such as, for example, having a different
current density 1in at least 2 turns forming the

30 antenna, therefore not having a uniform current in the
antenna and hence having a different current in at
least 2 different turns.

By not having a uniform current in the antenna, it
is possible to obtain a variation in the wvalue of

35 inductance and resistance between at least 2 turns
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33 direction, and hence in anti-clockw se direction in Figure 4A. For
exanpl e, inner turn S3 extends in oppos?¥e direction conpared with
outer turns S2 and S3. The first point P1 formng a first
internediate 5 tap A of the antenna connected to the access term nal

1 is located at the reversal point PR According to the

i nvention, tHeraing &he eatenoge tlolenldhetthessfore filtst speiomsipile A

and the secong BRoRb B2 0r1Qlkin;its t@len§leq1e&eq thabet e RO tLinvRictance
directi on of current in the antenna is the direction extendl from

reversal poi Rt PR} 02PERRMRaITE 2 doiSicFai ig'S nvEhre &lanpliie I'efe

| ar gest nunbelésQfstTaubes ogX t:@rdiafg enfat, h@rsamavdtcrsecuyl on, as i ndi cat ed
by the ariows dra)f/g ?‘n t.he antenna§ ﬁ %rowstdrawn n tl%rrré%tﬁ
and S2 correspond 6 thi's Y)%%l e ST oR 15 rtlﬁle1 cukrent . In
the equi val eahdschemabttofbguire 4Brddie ceremeters, Figur amAﬂmlely
second positi Is ctanc al l.ed n I

by turns S2 g\égsigjglé & ﬁrélr']n%g{%coéuﬁt l?)@%t he réevgf#(g%?é]pm %%q frr%t’é'%@
is a first negahi vasi ndbet ageeeraticdcabf edreaivad i mpEdice, fllyialﬁ]g

between the iptennednaiethaRed sRH Q-:@leth_rnr@ Rald Prand fargred gt iihe
third turn S3 between 25 0|nsP1 and The sum of the first

i nduct ant® LD §b§8lal‘}f9e°\ﬁalt éﬁ‘&e&m’t he second i nductance L2 is

equal to the tot atrhemétﬁeh:ar)ce .‘ILHOf sbi‘ne admyutEnEnts, theTheircuit

negative inductance -L1 nakes g\o 2 bﬁhe iég}ﬁ tcher refiuce t he
ant

mut ual i nduct8HRE15EFer BT A by enna . 8668 nght SHER®
Fi gures 5A an@ﬁlnuioam@temanetemfcfnehéwerri@@disn@rft tékown tEingar.es | A and

1B. In Figures SArgnd 58,406 AU enng;$rks eém%a@y tbﬁeeeﬁére be

consecutive turns Si, S2, S3 from outer en term to I nner
end terndhal 2BDPIEGARILAE t Retaat pditt PIieF tﬁétanFéﬁﬁ&lque wath

first aCCGSS“Q:%E}%&%'lO%allS’ cqra)ra)@ct edlteylneennqetl Qi 1AN S HEONBA tieind
first internmediate tap

fA‘ ant enna ilwenlts end term nals D,
E. The conneGPP&FrSPfEan% C@\Il‘?&o‘l“% até%ﬁ’zfcrlt %cghﬁloc?%Ye%J%é%?g Ioop
antenna, current 1is considered to be highly uniform.
There are therefore few means for parameterizing or to
20 cause the direct parameters (inductance, antenna
resistance, bandwidth) to cross-vary with indirect
parameters (transmitted or captured magnetic field,
coupling, mutual inductance).
The solution of the invention and the possible
25 embodiments then introduce the concept of a particular
arrangement of inductances and capacitances, connection
terminals, so-called “active” inductances, so-called
“passive” inductances, so-called “negative inductances”
allowing ideal wuse of the transmitted or captured
30 magnetic field, coupling, mutual inductance, and
bandwidth.
Finally, a particular arrangement of capacitances
with charge or with charge plilus inductances or with
inductances or with a fregquency tuning circuit take

35 part in obtaining the proposed objective.
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The second access termnal is connected by caonnection nmeans CON32 to
a second internediate tap P2 10 form ng®@ second point P2 of antenna
3. The connection neans CON32 is a capacitance 020 for exanple.

A tuni ng capacitance C at a prescribed tuning frequency i.e. a
resonance frequency of 13.56 MHz for exanple is provided in

conbi nation with The iBvendderandéll bef bekéegnredrgsgood on TRading

second end t%h@ln@blﬁoginghedégéﬁﬂ?@lénls ?9@Q@CEQQ£QMfae&anMCh%h~
CON2E to the_second term nal capaci tance C. The first

termnal O X 6?16éﬁgm1ﬁﬁﬂ%9k§lsw?bhcoﬁﬁééFSBCSy dFontitigt oPPEEREEC o
terminal D, Bia@fingheiantenea:3. The tmo access termnals 1, 2

serve to connect a c¢har condin |nv ntion h

| east oné§25 turn sgbngEEn gheﬁgrrgﬁ péln%lﬁf 8ch§méecon§npglnt
P2 i.e. turntB2 amut¢nma @anmmmeasHunan&nQKﬂ%mbedandungTHBD the
i nternedi ate. hqgng L5 |ocated between turns S3 and S2. The
internedi ate tap 2°I'¢ I ocated between 30 turns Si and S2. The
internediate tap A FéoeoRfeéBed2Bo iRt t4% nFhaY BaBjvatentasteshaic

turn S of th@a?@h%@”@thhb %1rEUﬁ@SS§n'@1bﬂerlhRStQﬁte@Ae”de|”9nt-
The i nterned ate taBFA IS connected_to ecoqiﬁté ter E of

the antetfha L by at FLEHEESoRE t Gfn $Pof Y EN mFﬁﬁs
turns Si ando$2 tRet hentdhmust r@ne;dneﬂb@du m’:lhder aca'dsnedimermdmm
tap P2 is connect%d to end termnal D by at |east one turn S of the
antenna L i.é"V8"tarhis2 and turn S3 in the illustrated enbodi ment.

The i nt er medi at e tapiBres &6Bnnéd,edR,0 &the $BcohdBendoeemiunaia IENGS

antenna L by gt g%%t l%'}%uttlér%fst(?)f tcfi%c%&tt%n% I ues! BT 8,1 Aol he

illustrated enbodi ment. “I'n the equi val ent schénati hown Fi gure 5B,
the 10 ci¥cuPB oPPFi gdfe 5A has a first inductance L|, cal l ed active

i nductance, formed byghhe second turny$ewbebweelnpoinitenfaandnP2one
Bet ween t he |nLerned|ate tap P2 and termnal E there is a second

i nduct ance LZMPQEERpassi ve i nductance, formed by the first turn
Sl. - Figures 12 to 46 show embodiments of the circuit

according to the invention.

20 In what follows, the antenna circuit can either be
a circuit emitting electromagnetic radiation wvia the
antenna, or a circuit which receives electromagnetic
radiation via the antenna.

In a first application, the RFID antenna circuit

25 1is of transponder type, to function as a portable card,
tag, to be integrated in a paper document such as a
document issued by an official authority e.g. a
passport, USB keys, SIM cards and (U)SIM cards called
“RFID or NFC SIM card”, stickers for Dual cards or Dual

30 Interface cards (the sticker itself having an RFID/NFC
antenna), watches.

In a second application, the RFID antenna circuit
is of reader type to read i.e. at least receive the

signal radiated by the RFID antenna of a transponder
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15 Between the internediate tap A and termnal D, there is a third
i nductance L3, called passive inductanc®] fornmed by the third turn

S3. The sum of the first inductance Li, of the second
i nductance L2 and of the third inductance L3 is equal 20 to the total
i nduct ance of antenna 3. The enbodi nent shown Figures 5A and 5B

makes it possbbhe 29 idedfiiewse the elfi¢i dilardy oBsant epipehn 3.2as mobThe

enbodi ment sﬁgggegtg@bgglGAOﬁEgtggs[s a variant of the enbodi nent
given Figures 5A and 5B. In 25 Figures 6A and 6B, a fourth additional

tuni ng capaci t anceedgrfsl¥onnkbtedChériiéEn ERBPFAEEFRAat BNESEPRA &nd
]Ehe Sﬁcond p;@b@meBngp%niﬂi@Asw t&é?%h&h&t si REuct aé@:@dnhétcoﬂ'h@n an
ourth cagpaci.tance takes part i requency tunin t in
parti cul oﬁnPHga§8Eonds§%S%ﬁ§&@t%H@e LZ%H¥¥e e%%ﬁéﬁﬁ%nt QR%Gn an
Fi gures 6A andré6Bgpmkes it dpdisihbe teani nciedsetbheeelfi chenéypgof the
antenna 3. T I 0 Ei_aur d i : i ang -0 he
enbodi nent sEgﬁgggggﬁgggggigag%tgﬁgyﬁ%§ [gd?ég %%F@h%ggBﬁ %ﬁeihg
antenna 3 i sahgened Byahdup s8eondnsadutkevainadnE s, tBelanggpnasy.

fromouter end tegfi nale Ech@ckiRehzenhéeh MMdudds 18 andccas di Rget 0
the invention, there is at |least one turn S between the first_point

P1 and tHe s&B6RENS poilst formeshRd yEREFH 22ASeEBFhVS20UARE EhrnSS3
i.e. three sggondrémr nhd NotiReri | dtist raded rembadi sent thdhel dridist end
point Pl is %orned yDthe end termnal D of the antenna. The
i nt er nedi at e"E&P A% s “I'ocat ed between turns S3 10 and S22. The
internediate tap P2 ifsrkbcatedebet weemmtiuehs1Si iandc88hecthd by a
i ntermedi ate ' cted ' b ne
turn S of thecaarSssd FENRRCKEL e LiFe RIS, B8b r nflrkiRlare
The i nt ekredpatatt &poA potesnaedt batweenhétseepAdtenningleePni Ral E
of antenna L by aj |§§1§1n€necé &S de the a0t NN lesdri®ed NE@Bing
turns S, S21 and S22 in the illustrated_enbodi ment. The |n§erged|ate
tap P2 is coRREENEATYoleffd PertRIRIIATS Dy SEIPEASY Bn@- tBFntS-of t'H&
antenna L, iup. tbreeotmuss S21,p5¢2idedd 93 idordigall drl | udtchat edle
enbodi nent . Tgﬁ i@t%rne i%Ee f,ap ﬁ%e%ﬁ cgnnected to the second end
ternminal E of "thH&“aftenna y af"F€48F one turn S of antenna L, i.e.
turn Si 3t the il lhstr sgetbrehbodhdenttetmindle Rquial emtevhenhti dsin
Figure 713, wrcuif.of Fig S krsteind nc
cal | ed activggﬁﬁégg%gncg?i orﬁgd E&ﬁggét?%rggNggcoh%btuﬁ%%asz%?kggg,
and S3 bet weéRrPonatsCPE gAdtP2. cBERGREANEReCint er nedi ate tap P2 and
termnal E, thererhs arsesonddmduchianc L3f cahéedpssittice ¢ is
i nduct ance, 30 forneg bﬁ the first tgrn il. Bg ween the |nt§rn§d|aée
tap A and teFRPREFTES Vihar EOPSUSTORI FENPHdGE &€e 0SS REFL S paEEI e
i nduct anc®e, fornmdgby thesthpodntuPd 83. the ant&heasdm of the first
i nduct ance Li, of .th nd. | ct 1.2,, and. of i .
i nductance L3 is équ%?égﬁgt %Kltcﬁ%%t ot%glcﬁllhét}c%an%g Lé%;en%%ée%nglf ¢
conductor CON32 to the first end terminal D forming a

second point P2 of the antenna 3. Point P2 is different
from point A.
30 The two access terminals 1, 2 serve to connect &
charge.
According to the invention, there is at least one
turn S between the first point A, Pl and the second

point PZ.
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37 The enbodi nent illustrated Figures 7A and 7B makes it
possible to increase the efficiency of Zhtenna 3 with a | arger nunber
of turns. The enbodi nent shown Figures 8A and 8B is a 5 variant of

t he enbodi nent shown Figures 5A and 5B. In Figures 8A and 813, the
antenna 3 is formed by six consecutive turns Si, S2, S31, S32, S33,
and S34 fromthe Bheernépamediatnabal fo PhelpnAaennentictefni AP BNd
The first pokBtmPhaispf gynBe BratheogBdthiehmsngk Pnel@ntAagar di Aget 0
the invention, there_js, at | east one turn S between the first point
P1 and the s&comtfTpoiht122F1R4REl y-t Ut SPLEREI1R8Y t493 A anm S38
i.e. five seeenfletueds tion thiae ddddist raiddr efthoth NeMtof ThRtenna L by

internmediate tap A is |ocated hetween.turns.S2.15 and S31. Th
i or medi St eababersty ehPo Rkl SoatvanretiAnt: o - Bnq s tikgs S1 and
i nter medi at eSgapim iFS grornédct ednt ovitieh endet eintamhedi dye attdredst iene
turn S of angﬁgggeh,bth%ﬁBoEEetgﬁg SS§§,a§§2i?§33, and S34 in the
odi nent.

illustrated e e internediate tag@t I's 20 connected to_the
second end terni nafnEratlint aasendipg ato| & oneentuyen S BPlahfeRna

L It . €. Ij_hett)ﬂ? 111,”2%% B, o2, i PlghtePEL't,L@Qt Pfgkfﬁde?%@iﬂiigefgbdetghléf t?e
internedj ate tap is connected to the end termna eas

one turn® oflafRtéhna 11| PINERe i8R T nSOBDECESE tz%‘j/eé-'gfr s38rm
and S34 in theei |dausd radbed, edbaedigenipldhehent ehredi@teedapoP2means

connected to_the seco qﬁgnd term nal E of .ant enn g& Q% a%lhﬁggt gnﬁ

turn S of anfénna G©°9%€" tufR” {CF AT he TFPustTAEd ‘emboldi Peht .
t he equi val eaptnsehéamdt by Etglees8Bpnehgucirrcuit 30 of Figure 8A has a

first inductance ki, ¢al '@%f&éiél i adyehange, sf}‘f%H}PdFP%uf@ell§PCQHg
turns S2, S31, S32, S33, a S34 between points 21 and 22. Between
the int ekhedrareuip 22 Bheuter Hnalthe tHer@lils ansdddid s Adductahce

E2i cal | fﬂ p;@&fisve ih!&l‘ﬂl![d:@a@l@féeklf Qfarm%dJYasﬁ hfc@ﬁ\_féi liﬁ&lul:’telﬁﬂc& formed
el ween e nterne a a n e erm na , ler | a
I B8 e X S DRSNS B
turns S31, 5B2rw&a8, tArdifBérmediate tdbeAsandotethéntilr 8 khduet ance
LI, of the seco i,nd , nd thiird.indu is
equal to thegtoggFgPﬁdugﬁgﬁgggEhéfL?he g%%%%ﬁa g%sglb@ Tﬁéag%ggh?ﬁént
shown Fidfur efo8mednby8Bhaakégsict tpossEhl endothacseasndt heraf £Leci €hey

of the antenga.3nWith G¥&EYEH& tiyr ns. 110The gapaaitance 45 forRed
by exanpl e of a capacitor of planar tgﬁe such ‘as shown Figure 1A

In transpondéRPapprLraSei bns, Peiehpatitanddtermgdiage st 4 neand
descri bed pl asamihyperf orTexamlre. ofn traderiappl iicrticsicd M8  and
capaci tance C na

netead of baFNGYGr AR ETok 1o SuAd EnSUrEarodnanA el Bares oA
and 9B i%5 a edri aht ofintkenenBoedi Rentleshdwn Fitger esnbAnand35Bhabn a
Figures 9A aggsggtakgg %ﬂ%%ﬁﬁﬁé%i§i£ﬂrm%§ffﬁﬁﬂégghce L and inter-
turn coupling capacitances which are not shown in all
the figures.
The capacitance C may be of any type of technology
30 and wusing any fabrication method. In the example in
Figure 1A, the capacitance C 1s of planar type being
arranged on the free region of the substrate in the
centre of the turns S. In Figure 1A, the capacitance C
is formed of a <capacitor having a first metal

35 surface S51X forming the first capacitance terminal CIlX,
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20 second end terminal Eto the first end termnal Dby a first turn
Si, a second turn 52, and a third turn 3% which are consecutive. Turn
Si extends fromthe second end termnal Eto a reversal point PRin a
first direction of winding, which in Figure 9A is a clockw se 25
direction. Turns S2 then S3 extend fromreversal point PR to the
first end teenSeRaPnB retalssssdacs FaEt cefrardweadithg Gppssires et Rad
first windingoghiaeti PRe autdienceablcankhee! Ockwhsgadi €611 Ahd Nor
Figure 9A. For exanple outer turn S is in reverse 30 direction,
conpared wit AOFRnet* RIRTST 2 4RYSES. e ?P?@Feﬁo%ﬁt‘«ﬁfq stRor %é&sﬁy
termnal D. metalThersecendipoizntd PRe tercBnAgmkhelseaeddcienteEnedi at e
tap of t antenng, connected tq the access term.nal 2, i.s | ocated.at
reversal ‘point PR?heSQemeDOQeln}fcrgcoraﬁﬁ‘dnto:'t L1er(:”isnvle%nt'ia%crjll, lt eIPae}%“less al'?‘

| east one tupesSibéewteninkeckisesthpoedtfiPicang bthietbecendepoint. P2,
I.e. turn S2 and Hypn §§1Ebai¥ngﬁ§' LLysihat gderbadbrent n Sl Bgthes 4
equi val ent schematic in Figure 9B, the ci r cdi t of Figure 9A has a
first positiveripdicednébe embegimeatastpve Fﬁ&&éﬁéngé, apgr #Bd by t he

second turn S2 begween Noidy oA angl P2, @haacoousdndidde teyensalpl
point PR _there aggears 10 a second negative mdggt ance -L2, ca IT%%

passi ve {1 dudfanc CRYPHg DR WERST i nt di-3E8st P2NBR  Sfd

term nal E andtkemeedaby t head ixst puUrniSi, ceonsicderd ngtd hathéheend
positive direction_of the current in the antenn i s the direction
ext endi ng frg%rf)népﬁ? BR, ¥>2ajt_5 %asp%i rcl)tneA?tlilf\nt i%flex%llrlr%l & (J:Cc??l?\lgi i'ng
with the | ardgest huwebénrofs tS@r asdedBendieg inferheddame diaredti &3, ias

| ndi cat ed by e artonsr B eana. Serifheaareove dnawnnancthe

turns S2 and correspond to this positive direction of the current.
20Bet weeh® t hati Aeasikedingt &UEap SACAnGEePRERRNADL fhéredi $UETY Bilr d
positive inductanggetlchpsaldftbPassive et apge.a fosprdibyrt heth
third turn S3. The sym.of the first induct ancetJ,i, of .the second
i nduct ance L2"nC&b8SrGt &1FAEGE Tafd 167 e PENIRE 25 TiddlcfanEe 38 s
equal to thestebvad | atldet ahcerdntof frba anttenrfd r3t sideThelmegdtiree

et nce - BRSTES by ARRIE LA Ne echo Mhe MUk e,
11A and 2QB teraivadi &aX oh the diredi wade ofl wder stied sFitgiced ayArand
SB. ThepcQppeeki QR tRBARS EINLASHE 30 rflsethl GCRPIUCEYadi®ance
exanpl e. 40terminal ClE on the second side of the dielectric
layer. The first metal surface $S1X, together with the
second metal surface S1E, defines a capacitance
25  value C2.

A third metal surface S1F forms a third
terminal ClF of the capacitance C. The third metal
surface S1F is located on the same first side of the
dielectric layer as the first metal surface S1X Dbut

30 distanced away from this first metal surface S1X. The
third capacitance terminal ClF is connected by a
conductor CON33 to the end terminal D. The third metal
surface 31F, together with the second metal

surface S1E, defines a capacitance value CI.
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The connection neans CON32is an el ectric conductor for exanple. The
capacitance Cis of the type shown Fi gi#® 2A. The second end terni nal
E of the antenna 3 is 5 connected by a conductor CON2E to the second
termnal ClE of the capacitance C The first termnal Dis
connected to the termnal ClF of capacitance C by the conductor
CON33. Point P1 i 8heorebrdy nedrad nglrbace0PRE f Lestceepkedaltad xhef

capaci tance E;i-gtcoppesi edsbyra-Londuct-on-ocoghBlthe tefdt nalhd? they
The term nal ClF is connected to the access termnal 2. According to
the inventiofRatRer &% ata2PeastesRE L6t urtn'?J@ulj'@{}vvé:énE t thJFIP‘?@t by
poi nt Pl andsuk€asecend, pebntoblr, ai ceupliinhg b3pandtbues balilbdt be2.

illustrated enbodi t he eguiv%Lent schenPtic shgﬁn

ment . .
Figure 11B, the c;Bacr%itl’iean %ujcyaﬂi:’%% Bgr gfnﬁellcvmstrhm%e TRAUCt antetEE
20 between tenimcpnat Erantig@oret2#2haFhe capsxi t andecG2nig bbngedted

between ternm,nal$.D;and ks The %BEREB”% P%B@C%E%$ﬁé ngniézcg%ae%h%d
bet ween t he se(_:ong poi nt P5“ahd the terminal D. e enbodi nent
illustrated FhadfestBIA 8Ad 1PBtPSchaké&deit ap6€Sishbl erdipagiehdr 2-

increase thegetfbeheney ohtbhacanhernaad, a0Rnaceeytingfii thetpeup! iiRg
bet ween t he capacitances 2 ntly, one, or re of

and 02, EV|de I
the abovkE’ enBodPRERNE cARHELEBRAI héd r EGar@PngPeRE *dFr anGeHEhenGE
t he 30 i nductarges, lsppadid afdcest tbhernever satheoisni( Spf tires nddtrer

of turns. . Iln_particul ar, .the connection nean ch_a 1A
N2 of -t he BEREEERr Mindrl 1S SETNG BN SR oy bt Ba0SL o
capaci t ance, theatotadudnducornoehér ofstibh asteahaadti ve el enents for

exanpl e i n parti cuhar QloddAnshatetafbeaipl {18 LURGIICl wich the
General ly, any additional charge or frequency- or power-tuned circuit

can be cbhne€cgeacisanre Sécdwyiween the intermediate tap A and the
terminal E.

The first inductance L1 lies parallel with the
coupling capacitance Cl2Z.

Capacitance Cl 1s connected firstly to terminal D

20 and secondly to terminal E.

The embodiment shown Figures 22 and 2B makes it
possible to further increase the radio efficiency of
the antenna 3, on account of the arrangement of the
capacitance Cl and C2 and of the coupling between the

25 capacitances Cl and CZ.

The embodiment shown Figures 32 and 3B 1s a
variant of the embodiment shown Figures 2A and 2B. In
the embodiment shown Figures 3A and 3B, the first
point Pl is separate from the first intermediate tap A

30 and is distanced from this first intermediate tap A by
at least one turn S. The antenna 3 is formed by four
consecutive turns S1, S22, 53, S84, from outer end
terminal B to inner end terminal D. Also, for example,
in Figures 3A and 3B the capacitance C is of the type

35 shown in Figures Z2A and 2B.
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5 termnals 1, 2 such as a chip for exanple, notably silicon-based,
both for the so-called transponder appl3kation and the so-called
reader application. In particular, the connection neans of the
access termnals 1, 2 to the antenna in Figures 5A, 6A, 7A 10 8A 9A
can al so be conductors. It is also possible to add an active or
passive el ement sUbh ablesicapaterandéater e@npl ést oledrtegcbssween

termnals 1, 2,11 Ebgungsy 143, ZAﬂ:h%A f‘M*stPr Q\ﬁ*t%'rﬁﬂ&d'?[%)tebet%d% farg
t he nunmber of turns to 15 be one, nor e bet ween t he flrst

poi nt P1 and<PRees&ednd pdiHi F’?rmiﬁﬂ%i nBrrB@r a5f 1SAHs provigen S of

between the thest ahapnAaand endeD noyebetane, tumis B3 norel  Hie nqmber
of turns provided b AandedE

t, t ta b
or nore. ThelRufHEF 6\1é\l%f5ur%§p2 'Li?m%‘ﬁ PRRBEFF SO pothﬁ% 5%0%% eﬁ&‘dD
may be one, twemianlnar @f 'ﬁﬁm nanbennaf Lt bynsitbetawesen ¢me fiurst Spoitnt

P1 and end E pay ggegpl orthgortglo E}gngug‘@egngf shurns bet ween

t he second p0| nt may be one, nore. The nunber of
turns provided beﬂ’h@erﬁQCP%SSZSt§é@éﬁélpél ritS PQOIalﬁ@iCbﬁ@ Emayhee fdxst

two, or nore;ntermedigrantepna %? y che %%@%u%%b@gCWNﬂﬁ et ched,
printed ( r| nted circuit board) fechnology, in copper, alum nium

with sil or al @ﬁﬁm%ﬁep%srﬂi%%én%d%ﬁﬁ sitEe skt FPc tesAdaétorP

and any OthGMhﬂ@ﬂ-Qbeﬁbtl@o&@e@@@@UQbOtebmhnameauﬁalIy prOV|ded for

t hi s purpose. t he ant enna. b t| Ia er,,

whet her super i rrpo?«%wS?nnoFﬁeel Ther°Pn %\‘I%If”emsiﬁ g?rt ére a
As il!ustyat eﬁaElgguEe 10heat cheage Bnemaur nf&2 ofxBplde kamtmna:ha@n
o o SEPRE11T WeRdLRA S 07 A3 kg ab STBHLE nay £ACE be

surrounded, ect o the surface surroun et
r emai ndekd szge@ﬁrﬁ&ﬂw BZegeny Pefeeshhéhet BERS S6f tﬁ‘ﬁ@lﬂﬁtlénna 3 in

order to increaserhhe H&Sﬁlﬂﬂnm@rlbn@tﬁ{rﬁé&%c@fb§ b2 oM st
enhanci ng coupling, mutual, ind ct% , and the general radiation of

the antenna 3° FhéI¢apabPtificéls) by Sé S rat §SBREREM Trom its
(conponent) eerhdabaileabDedEuUSi Ng pI anar technol ogy. The capacitance(s)

can be added to t antenna_10Q durji.ng f br| atl th il
wi ndi ngs, as an eEF‘err@ia S&| gman'?’ tP(% ghe% i %t ed%%ltwéa&int %Blo%glsd Sé? (imd

ant enna,2thot &8l.y Trsi nfi st eppéohn8Llogy. Conneilﬂwi capaehtaricafsnatay
be integrated,into %J&d%@e Aot abd yokhepsi Lheapnaodul €. c15Then s4.

capaci tance(s) can be integrated in and fabricated on a printed
circuit boar eThélFEFnsp@sl%tF Fhe iaht éamacstesy be dFReritrAYy end

terminal E o¢f antenna L by at least one turn S of
antenna L i.e. the three turns 83, 52 and S1.
25 Terminal D forms the seccond point PZ2.

According to the invention, there is at least one
turn S between the first point P1 and the second
point P2 i.e. turn S4.

The third capacitance terminal ClF is connected by

30 a conductor CON33 to the access terminal 1.

The terminal ClE is connected by a conductor CONZE
to terminal E.

In the equivalent schematic shown Figure 3B, the
circuit of Figure 3A has a first inductance L1 called

35 active inductance formed by turn S4 between terminal 2
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over several separate physical planes, e.g. parallel. The turns are
formed of sections e.g. rectilinear 20 ¥t may al so be of any other

shape. The turns of the antenna may be in the formof a wre,
which is then heated to be incorporated on or in an insulator
substrate. The turns of the antenna nmay be etched onto an

25 i nsul at or asdbstaiatte P1. Betheenupednéf Pllheanght eARaRecarrHere ohs a

opposi te faC%écBBdaEnHﬂéﬁﬁﬁE@rLiﬁbéﬁ%ét%ald to E@eah%&Qé aE%rh%dtB?
formof parallel strips for exanple. 30in the follow ng figures,

char ge modul 8URRi §3shown, such as a chip for exanple, the nodul e M

bei ng connect ed bsévya@ant henki r shtaesessater m'tapl 2l and therseeandr
access teg m odi_nent own

th
ant enna ggSFﬁed:H? t fle tEﬂ%%QSIln ECF88§Fe betWﬁ%ﬂﬂ?ﬁe PFPEP%Snd
t er m nal D andduheaseeondoemedt énymtiad thvo Therdis r$t dmednBhal Thel sum

connect ed 100G 5p00nd 5 AERRINARLITLR! LAdl LG,  heseeand pohat

P2. The tunlng capaci tance rescri be uni ng frequency
conprises a ﬁhﬁst'@E@@tltaﬂdéctéﬁﬁﬁnéﬁ dix angdaasecdnd celpaci tated

term nal O Eipdquctance L g@etﬁbrghtgaggcgtance ternlnal CIX IS
connected to 10 the first access termnal_1 nmeans The

second cdbaci t ancéleerrihat (HW§WQ$Qﬂ§ﬁhéé%e&1?§ tﬁ%r%%%%%ujW%ﬁf the

term nal E. capacitheceecond HeaiwelerP? tile f of ieshkhyd1dee secopdraceesss
t erm nal 5The first point Pl of the antenna and the internediate
tap A of the ﬁﬁpéﬁﬁ; re formed by the first access termnal 1.

The second poi nt PRe Zegfortcheimdbenmace 151 cdnrectred-aldalhewfthsthe

point P1, 1, A .ante . Oc | east one first turn Si of the
antenna L. Cougﬁ+ﬁ§ PgﬁkggﬁCE ?grned by one or nore second turns

51 betwekh E and ﬁapﬁﬁﬁﬁﬁycﬁycgmouﬁe@@@@eﬁﬁﬁﬁ% Sireblyexehppeint PL
connect ed byagglgECAnHQYOQg Perp@re1twrns S2 extending from point A

to term nal D,

Ev1dently, capacitance C could be of the . type
shown Figure 1A, 1i.e. instead of having Cl1 and Cl2,
only having capacitance C between Pl and E 1in

20 Figures 3A and 3B.

The embodiment shown Figures 3A and 3B makes it
possible to increase the efficiency of antenna 3 on
account of the arrangement and combination of the
“Yactive” and “passive” inductances and capacitances.

25 The embodiment shown Figures 4A and 4B 1s a
variant of the embodiment shown Figures 1A and 1B. In
Figures 4A and 4B, the antenna 3 1is formed from the
second end terminal E to the first terminal D by a
first turn S1, & second turn 82 and a third turn S3

30 which are consecutive. Turns S1 then S2 extend from the
second end terminal E to a reversal point PR in a first
direction of winding, which in Figure 4A corresponds to
a clockwise direction. Turn S3 extends from reversal
point PR to the first end terminal D in a second

35 direction of winding opposite the first winding
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25 exanple three turns S2. Thereﬁ%? a |l east one turn of the
antenna L between the first point Pl ant” the second point P2, nanely
the at | east one turn S2 between Pl and P2. The tuni ng
capacitance C is forned by one or nDre 30 third turns SC3 (for
exanpl e five turns, SC3) conpr|5|ng irst _and second,.end

SC32" and by BonECDE STier e TouAITr 8 SEAE 1 SFOCRTRT o e HigThatn
SC4) conprisFmgutwo4ﬁlrsﬁbandesequw,endsnﬁﬁml 542.53 extends The
at | east one u ol f.e 3R+ LYr ps Sk, ¢52,§,49r gng
the antenna E?Bbg tgsa@é?&ﬁ%?édégoﬁégﬁgonegglo? tge eﬁg erm nal s~ of
the antenna L. Th&hat figzst pAéntolit HUwnsCca ifslrs':‘épaﬁattérfﬂﬁéﬁrﬁte

turns Si,5S2.5pr gl g the apkenna leoﬁﬁ@cltédsggartﬁreeaceleggt Eegalihyif nom
the third turns 5C3. for exanpl e by runnin al ongside the third

turns 5C3 solﬁhéPcﬁhédtGFn%hécﬁegﬁéséﬁrﬁﬁégH fRcing turns 5C4, for

exanpl e havi ng paAal:beﬁ:LﬁQCﬁ:bOﬂtﬂhe Endr 3br, ortrmﬁeer-m nat CeEsandnies
connected to ter 032.is free and ate fr.om SEA. End
Sc41 is free Hﬁamls ;ﬁta"fee%flf?: S0 SEnR® é@)&Z % Wﬁe nSFcePg

and is connepbedttBZthe |nterneq|ate tap A 1, PI End 8031 lies
di stant {gom end ?g“éé"’“!;!aﬁ& J:lé”:@cg chlé‘ﬁ‘%h?; s&%fv%s%f#g&{&?%?”d

5041. En SH2 lie st ant ron1en ose to and
bei ng i nsul acBdrERém Ehd tHe322n1SThe %e@#ﬁoﬁ@eoﬂd%ﬁﬁ?ﬁlﬁﬂwjeﬁ@ﬁﬁglsgs

| ocated faci pgohourdfetysns t WH CRoare=ppingl egtr I&ﬁddd&cﬁm@we%ed
to the fourth turns SEA def] ne th capaC|%SWge 01. account of the

third turns §535aﬁ§aWB&FtW1F r h8e504 T ERENs §rc855FH§n?n8§5?§ﬁ&89
due to w ndi hg @hetbemaod&mens;ohheasnnedaneeeabeetWEear&baseﬂdawn

S031, SQ&% serV|n tg connect t@ﬁ cggggl%a%%%wgl to g QQSV 2f
the cir t, also ri'ngs an 1'nductance npe ance” ween F e
connecti ng endsrsesmndscnztban QQSQEenefdnrexampheOéstb@npnrgeng a

resonant 25 capacihapgg eqh&qla!%%c%cﬁbfn%ﬂ: Pl gRacakkel tﬁ@d/c‘%cult

series in accordance with Figure 33, conprising tmo parallel "branches
with capacitafcef€ourR 4he BRSthé bFEREREs BRE&1¢¥&padprHfEaNcR L2

series Wwth @Bl&@du%aﬁé@ﬁré nihhecebhee Bmanchorfsdapestihinstd® and
|npedang§? een 30 between the connecting ends SC31, SC42 conpri ses

the cap The capacitance value C of inpedance ZZ
depends on the reDat izanshink: bef weae tihevdusals SE€3nandRSCAheared ifn a

particul ar og stheir rﬁ&éﬁE?Gél anh?ﬁgggﬁ?s atﬁ$e35 exanrle Iyggglve

adj acent . ure 12 ast one turn
bet ween t he Rntechedicate haqm% behneshecthe th&canedisteermmat, 1Paf

the modul e agddt herhipedalced? dante by the 8hikeashrANS3t Bekdeburn
5C3 and the at | east _one 5 fourth turn
25 points Pl and P2.
The sum of the first inductance L1 in absolute
value and of the second inductance LZ is equal to the
total inductance L of the antenna 3.
The negative inductance ~L1 makes it possible to
30 further reduce the mutual inductance generated by the
antenna 3.
The embodiment shown Figures 5A and 5B 1is a
variant of the embodiment shown Figures 1A and 1B. In
Figures 5A and 5B, the antenna 3 is formed by three

35 consecutive turns S1, S2, S3 from outer end terminal E


IP-TEMP
Rectangle


The i npedance ZZ fornmed by the at |east one third turn S03 and by the
at least one fourth turn 504 is self-resdnating, due to the fact that
a capacitance and an i nductance in series and/or parallel are
contained 10 in the inpedance ZZ. Theequi val entschemati cofthecircuit
illustrated Figure 12 is given in Figure 34. The at |east one third
turn 503 andtbhdnater eagt tonenifrour th tivmSEM tekefitspossibkePloof
equal i ze the %%nbgge%gafrequency of nodule M (a chip for exanple)

| ying paralle h~an i'nductance (turn(s) S2) with the tuning
frequency of the &irclitstor aedeby t Heexminahst oné t heerheared SOBY

and the at |eashcere hotkhist BOR12040 faorfl‘?‘c)é%rrﬁlrﬁetrﬁeﬁ@é%et t&ap A of
prescribed tuning 20 _frequency 13.56 this_way,

possi bl e Y0 @bE&NA2ext enBFVECRBUPIitTy b@Pﬂeent?ﬁ%l§%1$ Pesoﬁatlnahe
circuit ZZ, g@3neS@4ocand hbgngicowii fargedaby cashdecdMdyian  for
par al | el mnth the turn(s) S2, by reducing the nutual inductance 25
bet ween t hes&*EWH Eircuits. The inductance formed by the turn(s) 51
| ocat ed bet ween nwiel e Mandi t uatseSH3, t8@Aihaldm nigg t hecnnected
self-resonati [ it .nosS aI

i nduct ance bgp%g%ﬁ%gﬁ né%¥lr§§§ﬁgtﬁ%§ %|$%§?§8 §8E§8§952%§en%% tﬁg
circuit BD fdomednhy anchgadMpgimy Paraf | entaneh 3urﬁb§)C§2neCtlon

Therefore, t%%%%@hC®N3QSE%t% %%@@QQ%HEEE ebot kervakugpiaefl currents
and intrinsic inductances of the turns, it becones possible to

paranmeteri ze the Aut BAPIPAJUERRRACEERFEE’S bRt ween AFSGTiped  tuning
above- nent i oredo@enant enna Car@élsbﬁaﬁb'b $ecanrthdyZZof SiL}. BRAMHO for
obtain two 46 frﬁ uency tunin Est are quaSézin e?pndent BT eg h
ot her or two "GP % fr equen&i-® l98 cl8se £STBACH “GCer , "F5F ex %ﬁle
wi t h di fI®rencesctanceniing ff téguentieesaoB.< 10 MHz, <2 MHz or <500
KHz, or 5 2 frequ y I ngs e sape u V.

?HE é%?bﬂ& roa%ﬂgﬁ %’1 gsh rel%ﬁ& M

naklng it possible to obfain a ative to the RF
transni ssi onconarsded whbist Ani AP AL BE@NSE ve touplthgy second

efficiency apd hence ener gy thaRsnaskenc.even though the integration
surface of 10 the antenna circuit may be very <16 cn? qr

<8 cnR. I't i <DRot abt§SSoudi s Hard % he® rea('Eael%‘?‘9 RGDIe 1S

i nduct anz@ i kohhectedn®y82a bwm@@cmamabbaBlwmbht@haumndume M1 iof aheer
to obtain a frg uenc§ tuning that is 15 as close as possible to the
usef ul frequ % ‘exanpl e 13.56 MHz. It is sought in
particul ar to havfhehewnutests pobssibhel s nducarservtontai anedneatt e
sel f-resonatipg gircuit ZZ, SC3, SC4 to allowintegration of the 20
antenna circuit n a small surface <16 cn such as a tag for exanple
or a sticker. AccRrgdant iten tha uwiee Yeentitise dhedbf LeRET One

advant ages ofculriie si nyeRlideen | $nhe fpesS bidditky FQ pananetek zeddhead

mut ual IndUC%%q%a b%tween.th%r%nggnand fturn $2 in the illustrated
embodiment.

The intermediate tap A i1s located between turns S3

and S2. The intermediate tap P2 1is located between

30 turns S1 and S2. The intermediate tap A is connected to

end terminal D by at least one turn S of the antenna I,

i.e. turn S3 in the illustrated embodiment. The

intermedizte tap A is connected to the second end

terminzl E of the antenna L by at least cone turn S of
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25 circuits, for exanple between, firstly, the antenna circuit
conprising the transponder or reader ch?% and, secondly, a first and
a second antenna part, so as to paraneterize the final nmutua

i nduct ance of the transponder or reader system Also, contrary to the
30 prior art docunents indicated above, it becones po srb eto
produce two fPEqUEREFETfilngst diasi LFAdepERaEnt Lof het? ofPewo
frequency tunung@twetﬁdcbmb@dhde&ach ot her for exanple < 10 MHz, <2

MHz or <500 KHz or,2 fre uenc ni n ed, over _one sa 5
frequency range. &2 it % qﬁ“?ﬁégenﬁ%diﬁ%%?egfe hego end
i nvention, therainglal bgast: deeselooErmorooﬁneittoﬁ bettwoana & fli.est

antenna Circuyit. C%'”z”pfdn%f ”&M%?VHS& and %&1&@@?51:88%&%88?%6@ FRe)
antenna circul tF nmprisin | east one capacr |ve e
In particul arlntt?ﬁ@ede@it@est@@cii?dllf@ {COTISEHRENt §OEPLRE 1, TR0 eadd

FR-A-2, 777, 141 rd@ nRat paldovetveh siasi pi ndeperdent ddLauvereyst vai Rgs
to be produced or two frequency tunrn ot her

close to e
e.g. < 10 102RtiE 1@ Iy Sor tRERQ Sk D gﬁezlﬂﬁéaﬁéﬁéﬁdt Gﬁ‘gﬁaémﬁﬁ‘Fged
over one sane frequeﬁﬂyara@@Evaﬂhﬂtg@ehbahthhesﬂﬂhﬂﬁlFE@dhétﬂBpethe
bet ween e 2.antenna cuits, e greater the [ t
so-callejd51 ngﬁﬁFgﬁt t&ﬁﬁ% ot %ﬁﬁhigant%nﬁ§£cﬁpgﬁgFg%ggfiﬂ glged
desired 15 thatlwbeeed2ctaeqeenéprm@drbgstbboudeDQ ¢Mm®e52n@6uaben
i nduct ance ngg? g heducedyof orgaxan e QY Sty 3_%£Je@§b”§20%%d0f
t he surface t he antenna crrcurt relatrve to e ot her,
i nduces a cofisirtdéfaBl & | 688TEn the 2f fIRGTHEY Jérdqqr@rtqeaﬁ@pon&erlled

20Means are previded 4o@RRTERLoOUP d MR LOURE12chy Mut wak | pduet ance
bet ween t he nei hbour ng turns Eﬁa%%d

S2. Means are vi_de
ensure cbupl Ef§ @@BPE 2 By CRGTG diePafic&™ Fﬁé@ﬁgﬁﬁe ne%&ﬁﬁ@uﬁrng
turns Si andaSCihﬁﬁujEiﬁﬁmﬁtammfdmmpe ZZ11d4i spasspking ibdunittnale , 25
i nduct ance i f r,rangenment of Si close to S2
and to the a%raﬁ%gne %WE%% Poth@ O%QQB, SO4. For exanple in Figure
12 we successrvelyhhaweﬂrmdhﬂﬂhe persphergucomateslt heofentiresespnd

Sl S03, Smlnﬁﬂ%t%mc%n@@ AdLUbE RAS alhilRBSIndyo: Aatdired §9 equal
intrinsic nufual inductances coupl ed toget her: between Si and g,

bet ween 2 an@ zPe totalTpngugkrese PIps8seBPE o i ncrease the

readi ng distance Qhet @nl&ddﬁﬁ&ﬁtiﬂhEhgurEleﬁses 52 and S5HOthgkes it
enbodi nents of th ent.i on are scrr ed.35 in theg%able gelom/mjth

reference t oPPRE d&u 851n5§eﬁ§ﬁt ﬁe& &FERFhiPd F8 Pndi-cat es
t he points el ectrilval | ymbodneeneéd sbgenherignrilse 6Rourancor & pasdi @’g

colums (1 Al 6050 E)nd linoREhentdi(2n PRIl the pugbsp ot

turns. In Figureées nent 1 oned “bel ow, e connect|on neans
CON1A of2% he Figtaese #Pat eandp /Ry t hat hefpiEsh actddbtierad naltuninghe

connection nmeans CNZAEDeywesn the, seaqnd ee@wgehmn@é Enee@nre@eate

second capacitance termnal CE, the connection pean t ween
the first capad fafdd 1d& TR @9&?%n%2¢hearr%%?1purﬁb ﬁ?eoﬁﬁﬂ%§
ant enna L angdeetaeek on .maanrs £HN3h b@ipﬂ‘@@ﬂtiﬂﬁ@e secOﬁdkeecpsst in

t er m nal d the second ornt P n via electr
conductors Eﬁg@EeHSW ned £ bgrn gg% ggr hat Eﬁ econd
figures 3¢ i nnduethalcke el dlr‘/lne 15mb:oﬁummmé\- Eslrnomrdu cl%ﬂ;@sreestreGmuabdr odf

turns Si betwe E{%SAE%O %.SSQ%%%rmtoA ;D Jadig %at@ﬁet%ﬂuﬁgr urRs

S2 between A a dicates t he nu qua% to at
| east one tuemt8ne@ Bhe antenna L betmeen points P1 and P2. The | ast

colum on the righte embodiment shown Figures 7& and 7B is a
variant of the embodiment shown Figures 5A and 5B. In

35 Figures 7A and 7B, the antenna 3 1s formed by four
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20 indicates either the presence of the inpedance ZZ forned by the
turns 5C3 and 5C4, in this case giving 3&e nunber of turns of ZZ in
brackets, or the presence of an additional capacitance C30 called
first capacitance forned by a capacitive conponent with a 25
dielectric between its termnals. By dielectric capacitive
conponent i scoeaetuanyeenbadnaesti,al EBM ngSihe a3 angementowfera end

s e, PR EATECLH RO R gp L onal ) b2 LLmes Y
Z and/or d 1A Fl Acchxdthg, tg th& Bnvention, there is at least one
turn S between the first point P1 and the second
5 point P2, namely turn S21, turn S22 and turn S3 i.e.
three second turns in the illustrated embodiment. The
first point Pl is formed by the end terminal D of the
antenna.

The intermediate tap A is located between turns S3
10 and S22. The intermediate tap P2 1is located between
turns S1 and S$21. The intermediate tap A is connected
to the end terminal D by at least one turn S of the
antenna L, i.e. turn 33 in the illustrated embodiment.
The intermediate tap A 1s connected to the second end
15 terminal E of antenna L by at least one turn S of the
antenna L, i.e. three turns S1, S21 and S22 in the
illustrated embodiment. The intermediate tap P2 is
connected to end terminal D by at least one turn S of
the antenna L, i.e. three turns S21, $22, and S3 in the
20 illustrated embodiment. The intermediate tap P2 is
connected to the second end terminal E of the antenna L
by at least one turn S of antenna L, i.e. turn S1 in

the illustrated embodiment.
In the equivalent schematic in Figure 7B, the
25 circuit of Figure 5A hes a first inductance L1, called
active inductance, formed by the three second
turns S$21, 522, and 83 between points P1 and PR2.
Between the intermediate tap P2 and terminal E, there
is a second inductance L2, called passive inductance,
3¢ formed by the first turn S1. Between the intermediate
tap A and terminal D, there is a third inductance L3,
called passive inductance, formed by the third turn S3.
The sum of the first inductance L1, of the second
inductance L2, and of the third inductance L3 is equal

35 to the total inductance L of antenna 3.
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The embodiment illustrated Figures 7A and 7B makes
it possible to increase the efficiency of antenna 3
with a larger number of turns.

The embodiment shown Figures BA and 8B 1s a
variant of the embodiment shown Figures 5A and 5B, In
Figures 82 and 8B, the antenna 3 is formed by six
consecutive turns S1, S22, S31, S32, 833, and S34 from
the outer end terminal E to the inner end terminal D.
The first point Pl is formed by the end terminal D.

According to the invention, there is at least one
turn S between the first point P1 and the second
point P2, namely turns 52, S31, 832, S$33, and 534 i.e.
five second turns in the illustrated embodiment.

The intermediate tap A is located between turns S2
and S31. The intermediate tap P2 1is located between
turns S1 and 52. The intermediate tap A is connected to
the end terminzl D by at least one turn S of antenna I,
i.e. four turns 831, S32, S33, and S34 in the
illustrated embodiment. The intermediate tap A 1is
connected to the second end terminal E of antenna L by
at least one turn S of antenna L i.e. the two turns 81,
S2 in the illustrated embodiment. The intermediate
tap P2 is connected to the end terminal D by at least
one turn S of antenna L, i.e. the five turns S2, 8531,
§32, 833, and 834 in the illustrated embodiment. The
intermediate tap P2 i1s connected to the second end
terminal E of antenna L by at least one turn S of
antenna L, i.e. turn S1 in the illustrated embodiment.

In the equivalent schematic Figure 8B, the circuit
of Figure BA has a first inductance L1, called active
inductance, formed by the second turns 52, 831, 8532,
833, and 834 between points P1 and P2. Between the
intermediate tap P2 and terminal E there is a second
inductance L2, called passive inductance, formed by the

first turn Sl1. Between the intermediate tap A and the
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terminal D, there 1s a third inductance L3, called
passive inductance, formed by the four turns S31, 8532,
533, and S534.

The sum of the first inductance L1, of the second
5 inductance L2, and of the third inductance L3 is equal

to the total inductance L of the antenna 3.

The embodiment shown Figures 8A and 8B makes it
possible to increase the efficiency of the antenna 3
with even more turns.

10 The capacitance C is formed by example of a
capacitor of planar type such as shown Figure 1lA.

In transponder applications, the capacitance C,
Cl, C2 is of the described planar type for example. In
reader applications, the capacitance C may be in the

15 form of an added capacitor component, instead of being
of planar type.

The embodiment shown Figures 2A and 9B 1is a
variant of the embodiment shown Figures 5A and 5B. In
Figures 9A and 9B, the antenna 3 is formed from the

20 second end terminal E to the first end terminal D by a
first turn 51, a second turn 52, and a third turn S3
which are consecutive. Turn S1 extends from the second
end terminal E to a reversal point PR in a first
direction of winding, which in Figure SA is a clockwise

25 direction. Turns 52 then 83 extend from reversal
point PR to the first end terminal D in a second
direction of winding opposite the first winding
direction, and hence in anti-clockwise direction in
Figure 9A. For example outer turn S1 1is 1in reverse

30 direction compered with inner turns 32 and S3.

The first point Pl is formed by terminal D.

The second point P2, forming the second
intermediate tap of the antenna connected to the &access

terminal 2, is located at reversal point PR.
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According to the invention, there is at least cne
turn S between the first point P1 and the secocnd
point P2, i.e. turn S2 and turn S3 in the illustrated
embodiment.

In the equivalent schematic 1in Figure 9B, the
circuit of Figure 9A has a first positive
inductance L1, called active inductance, formed by the
second turn S2 between points A and PZ2.

On account of the reversal point PR, there appears
a second negative inductance -L2Z, called passive
inductance, lying between intermediate tap P2, PR, and
terminal E and formed by the first turn S1, considering
that the positive direction of the <current 1in the
antenna 3 is the direction extending from point PR, P2
to point A, in this example coinciding with the largest
number of turns extending in the same direction, as
indicated by the arrows drawn on antenna 3. The arrows
drawn on the turns S2 and 83 correspond to this
positive direction of the current.

Between the intermediate tap A and terminal D,
there 1is a third positive inductance +L3, <called
passive inductance, formed by the third turn S3.

The sum of the first inductance L1, of the second
inductance L2 1in absolute vwvalue and of the third
inductance L3 is equal to the total inductence L of the
antenna 3.

The negative inductance -12 makes it possible to
further reduce the mutual inductance generated by the
antenna 3.

The embodiment shown Figures 11A and 11B 1is a
variant of the embodiment illustrated Figures 5A and
5B.

The connection  means CONI1A is an electric

conductor for example.
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The connection means CON32 is an electric
conductor for example.

The capacitance C is of the type shown Figure 2A.

The second end terminal E of the antenna 3 1is
connected by a conductor CCNZE to the second
terminal ClE of the capacitance C.

The first terminal D is connected to the
terminal ClF of capacitance C by the conductor CON33.

Point Pl is formed by terminal D.

The first terminal C1X of <capacitance C 1is
connected by a conductor CON31 to terminal D.

The terminal ClF is connected to the access
terminal 2.

Accecrding to the invention, there 1s at least one
turn S between the first point P1 and the second
point P2, i.e. turn S3 and turn SZ2 in the illustrated
embodiment.

In the equivalent schematic shown Figure 11B, the
capacitance Cl1 1lies parallel with the inductance LZ
between terminal E and point PZ. The capacitance CZ2 is
connected between terminals D and E. The coupling
capacitance C12 is connected between the second
point P2 and the terminal D.

The embodiment illustrated Figures 112 and 11B
makes it possible to further increase the efficiency of
the antenna 3, on acccocunt of the coupling between the
capacitances Cl1 and C2.

Evidently, one or more of the above embodiments
can be combined regarding the arrangement of the
inductances, capacitances, the reversal point(s), the
number of turns.

In particular, the connection means such as CON1A,
CON32 of the access terminals 1, 2 to the antenna may

be via capacitance, via conductor or other, such as
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active elements for example, in particular of
transistor or amplifier type.

Generally, any additional charge or frequency- or
power-tuned circuit can be connected to the access
terminals 1, 2 such as a chip for example, notably
silicon-based, both for the so-called transponder
application and the so-called reader application.

In particular, the connection means of the access
terminals 1, 2 to the antenna in Figures 5A, 6A, T7TA,
8A, 9A can also be conductors. It is also possible to
add an active or passive element such as a capacitance
for example to the access terminals 1, 2 in Figures 1A,
2A, 3A, 4A.

Provision may be made for the number of fturns to
be one, two, or more between the first point Pl and the
second point P2. The number of turns provided between
the first tap A and end D may be one, two or more. The
number of turns provided between the first tap A and
end E may be one, two, or more. The number of turns
between the first point Pl and end D may be one, two,
or more. The number of turns between the first point Pl
and end E may be one, two, or more. The number of turns
between the second point P2 and end D may be one, two,
or more. The number of turns provided between the
second peint P2 and end E may be one, two, or more.

The antenna may be made wusing wire, etched,
printed (printed circuit board) technology, in copper,
aluminium, with silver or aluminium particles and any
other electric conductor and any other non-electric
conductor but chemically provided for this purpose.

The turns of the antenna may be multi-layer,
whether superimposed or not, either in whole or in
part.

As illustrated Figure 10, at least one turn S2 of

the antenna can comprise in series a winding S2’ of
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turns of smaller surface surrounded, with respect to
the surface surrcunded either by the remainder S52% of
turn 82 or by the other turns of the antenna 3, 1in
ocrder to 1ncrease the resistance or inductance of
turn S2 without enhancing coupling, mutual inductance,
and the general radiation of the antenna 3.

The capacitance(s) may be a discrete element
(component) or fabricated using planar technology.

The capacitance({s) can be added to the antenna
during fabrication of the coil windings, as an external
element to the printed circuit board and antenna,
notably using wire technology.

The capacitance({s) may be integrated into a
module, notably the silicon module.

The capacitance{s) <can be 1integrated 1in and
fabricated on a printed circuit board.

The turns S of the antenna 3 may be distributed
over several separate physical planes, e.g. parallel.

The turns are formed of sections e.g. rectilinear
but may also be of any other shape.

The turns of the antenna may be in the form of a
wire, which is then heated to be incorporated on or in
an insulator substrate.

The turns of the antenna may be etched onto an
insulator substrate.

The turns of the antenna can lie on opposite faces
of an insulator substrate.

The turns are in the form of parallel strips for
example.

In the following figures, a charge module M is
shown, such as a chip for example, the module M being
connected between the first access terminal 1 and the

second access terminal 2.
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In the embcdiment shown Figure 12, the antenna L
is formed by the turns S1, 82 located between the first
end terminal D and the second end terminal E.

The first terminal D is connected to the second

5 access terminal 2 forming the second point P2.

The tuning capacitance Cl with a prescribed tuning
frequency comprises a £f£irst capacitance terminal C1X
and a second capacitance terminal C1E.

The first capacitance terminal ClX is connected to

10 the first access terminal 1 by means CON31.

The second capacitance terminal ClE is connected
to the second end terminal E.

The second point P2 is formed by the second access
terminal 2. ‘

15 The first point PL " of the antenna and the
intermediate tap A of the antenna are formed by the
first access terminal 1.

The second point P2, 2 of the antenna L 1is

connected to the first peoint P1l, 1, A of antenna L by
20 at least one first turn S1 of the antenna L.

The antenna L 1s formed by one or more second
turns S1 between E and A, namely by two second turns Sl
for example connected by point A to one or more
turns S2 extending from pcint A to terminal D, for

25 example three turns S2.

There is a least one turn of the antenna L between
the first point P1 and the second point P2, namely the
at least one turn S2 between Pl and P2.

The tuning capacitance Cl is formed by one or more

30 third turns 3C3 (for example five turns SC3) comprising
two first and second ends SC31, SC32, and by one or
more fourth turns SC4 (for example five turns SC4)
comprising two first and second ends SC41 SC42.

The at least one third turn SC3 is separate from

35 turns 81, S2 forming the antenna L, and i1s connected to
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one E of the end terminals of the antenna L. The at
least one fourth turn SC4 is separate from turns S1, S2
forming the antenna L and is separated electrically
from the third turns SC3, for example by running
5 alongside the third turns SC3 so that the turns SC3 are
arranged facing turns SC4, for example having parallel
sections. End SC31 forms terminal ClE and is connected
to terminal E. End S5C32 is free and insulated from SC4.
End $C41 is free and insulated from SC3. End SC4Z forms

10 terminal ClX and is connected to the intermediate
tap A, 1, Pl. End SC31 1lies distant from end SC42
whilst lying close and being insulated from end SC41.
End SC42 lies distant from end $C31, whilst lying close
to and being insulated from end SC32.

15 The sections of the third turns SC3 located facing
fourth turns $C4, which are not electrically connected
to the fourth turns $5C4, define the capacitance Cl. On
account of the third turns SC3 and fourth turns SC4
themselves causing inductance due to winding of the

20 turns, the impedance ZZ between the ends SC31, SC42
serving to connect the capacitance Cl to the remainder
of the «circuit, also brings an inductance. The
impedance ZZ between the connecting ends SC31, SC42 can
be seen for example as comprising a resonant

25 capacitance - inductance circuit in parallel and/or
series 1in accordance with Figure 33, comprising two
parallel branches with capacitance Cl1 in one of the
branches and a capacitance in series with an inductance
in the other branch. As a result, the impedance ZZ seen

30 Dbetween the connecting ends SC31, SC42 comprises the
capacitance C1.

The capacitance value Cl of impedance ZZ depends
on the relationship between the turns SC3 and SC4, and
in particular on their reciprocal arrangement, for

35 example lying adjacent.
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In Figure 12, there is at 1least one turn Sl
between the intermediate tap A connected to the access
terminal 1 of the module and the impedance ZZ formed by
the at least one third turn SC3 and the at least one
fourth turn SC4.

The impedance ZZ formed by the at least one third
turn SC3 and by the at least one fourth turn SC4 1is
self-resconating, due to the fact that a capacitance and
an inductance in series and/or parallel are contained
in the impedance Z2Z.

The eguivalent schematic of the circuit
illustrated Figure 12 is given in Figure 34. The at
least one third turn SC3 and the at least one fourth
turn SC4 make it possible to eqgualize the tuning
frequency of module M (a <chip for example) 1lying
parallel with an inductance (turn(s) 82) with the
tuning frequency of the circuit formed by the at least
one third turn 3C3 and the at least c¢ne fourth
fturn SC4, for example to have the prescribed tuning
frequency 13.56 MHz.

In this way, it 1is possible to obtain extensive
coupling between the self-resonating circuit ZZ, SC3,
SC4 and the circuit formed by module M lying parallel
with the turn(s) $2, by reducing the mutual inductance
between these two circuits. The inductance formed by
the turn({s) S1 located between module M and turns SC3,
SC4 forming the self-resonating circuit Z72 makes it
possible to act on this mutual inductance between the
self-resonating circuit ZZ, 8SC3, SC4 and the circuit
formed by module M iying parallel with turn(s) S2.

Therefore, through an astute arrangement of the
values of currents and intrinsic inductances of the
turns, 1t becomes possible to parameterize the mutual
inductance values between the two above-mentioned

antenna circuits (M, S22} and (ZZ, S51) and to obtain two
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frequency tunings that are guasi-independent c¢f each
other or two tuning fregquencies very c¢lose to each
other, for examnple with differences in tuning
frequencies of < 10 MHz, <2 MHz or <500 KHz, or
2 frequency tunings merged in one same frequency range,
making it possible to obtain a broad bandwidth relative
to the RFID transmission channel, whilst maintaining
extensive coupling efficiency and hence energy
transmission, even thoucgh the integration surface of
the antenna circuit may be very small e.g. <16 cm’ or
<8 cm®.

It is notably sought to have the greatest possible
inductance in the turns S2 lying parallel with <the
module M, in order to obtain a frequency tuning that is
as close as possible to the wuseful frequency, for
example 13.56 MHz.

It is sought in particular to have the smallest
possible inductance contained in the self-resonating
circuit ZZ, SC3, SC4 +to allow integration of the
antenna circuit on a small surface <16 cm® such as a
tag for example or a sticker.

In additien, 1t can be seen that one of the
advantages of the invention 1is the possibility to
parameterize the mutual inductance between the antenna
circuits, for example Dbetween, firstly, the antenna
circuit comprising the transponder or reader chip and,
secondly, a first and a second antenna part, so as to
parameterize the final mutual inductance of the
transponder or reader system. Also, contrary to the
prior art documents indicated above, it becomes
possible to produce two frequency tunings quasi-
independent of each other, or two frequency tunings
very close o each other for example < 10 MHz, <2 MHz
or <500 KHz or 2 frequency tunings merged over one same

frequency range.
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Depending on the embodiment of the invention,
there is at least one electric connection between a
first antenna circuit comprising the chip and at least
one second (or more) antenna circuit(s) comprising at
least one capacitive element.

In particular, the devices according to documents
EP-~A-1,031,939 and FR-A-2,777,141 do not allow two
guasi-independent frequency tunings to be produced, or
two frequency tunings very close to each other e.g. <
10 MHz, <2 MHz or <500 KHz, or 2 frequency tunings
merged over one same frequency range. The greater the
mutual inductance between the 2 antenna circuits, the
greater the increase in the 2 so-called *“natural”
tunings of the 2 antenna circuits. If it is desired
that these 2 frequency tunings should be close, mutual
inductance must be reduced, for example by strongly
decreasing one of the surfaces c¢f the antenna circuit
relative to the other, which induces & considerable
loss in the efficiency of the transponder.

Means are provided to ensure ccupling COUPL1Z by
mutual inductance between the neighbouring turns S1 and
S$2. Means are provided to ensure coupling COUPLZZ by
mutual inductance between the neighbouring turns 3S1 and
SC3, and SC4 of impedance ZZ. This coupling by mutual
inductance is due for example to the arrangement of 351
close to 52 and to the arrangement of S1 close to SC3,
SC4. For example in Figure 12 we successively have from
the periphery towards the centre: S2, S1, SC3, SC4.

The antenna circuit has at least two natural
intrinsic mutual inductances coupled tocgether: between
Sl and 52, between 51 and ZZ.

This makes it possible to increase the reading
distance of the circuit in Figure 12.

Other embodiments of the invention are described

in the table below with reference to the figures
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mentioned below. This table 1indicates the points
electrically connected together in the four
corresponding columns (1, A), (CiE, E), (Cl¥X, Pl), and
(2, P2) and the number of turns. In Figures 12 et seqg
5 mentioned below, the connection means CON1A of the
intermediate tap A with the first access terminal 1,
the connectlion means CON2E between the second end
terminal E and the second capacitance terminal ClE, the
connection means CON31 between the first capacitance
10 terminal Cl1X and the first point Pl o¢of the antenna 1L,
and cconnection means CON3Z between the second access
terminal 2 and the second point P2 are implemented via
electric conductors, these not necessarily being
indicated either in the figures or in the table below.
15 Column A-E indicates the number of turns S1 between A
and E. Column A-D indicates the number of turns 32
between A and D. Column P1-PZ2 indicates the number N12
equal to at least one turn S cof the antenna L between
points P1 and P2. The 1last column on the right
20 indicates either the ©presence of the impedance ZZ
formed by the turns SC3 and SC4, in this case giving
the number of turns of ZZ in brackets, or the presence
of an additional capacitance C30 called first
capacitance formed by a capacitive component with a

25 dielectric between its terminals.
By dielectric capacitive component is meant any
embodiment allowing the arrangement of a capacitance.
This capacitive component may opticnally be formed by

another circuit Z2Z.

30
Fig |1, A ClE, E C1xX, 2, P2 A-E |A-D | P1- |z
N° Pl P2 and/or
Cil
1a P1, ClE, E 1, A D z21|lz21]21|cC1l
CixX
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Fig |1, A ClE, E c1x, 2, P2 A-E |a-D|Pl- | Z
N® Pl P2 and/or
c1i
ZA P1, ClE, E 1, A D, ClF 21121121 |c1
C1lX
3A ClF ClE, E C1X%, D z1l|lz1|lz1|cl
Pl
4A P1, ClE, E 1, &, |D 21|z1fz1|cC1
ClX%, PR
PR
5h 1, A ClE, E D 2, P2 > >1|21 |1
6A 1, A ClE, E D 2, P2 21|21|]21|cC1
TR 1, A ClE, E D 2, P2 z21l21]21 |Cl
8A 1, A ClE, E D 2, P2 212121 |c1
%A 1, A ClE, E D 2, P2, 21lz1|21|cC1
PR
11a | P1 ClE, E 1, A 2, P2, 2 1l|l21f=21|cC1
ClF
12 P1, sC31 1, A, |D 2 3 3 Z2(5)
ClX, SC42
SC42
13 1, A ClE, E P1#A D 5 3 4 Cl
14 1, & ClE, E P1#A D 6 3 5 c1l
15 1, A §C42 D 2, b2 1 4 3 Z(4)
16 1, A Sc4z2 c, 2, P2 1 4 3 z and
C1lXZ C30
17 1, SC42 D 2, P2 1 2 1 Z(4)
18 1, 5C42 G, 2, P2 1 2 1 Z(4)
Cl¥2Z and C30
19 1, & 8C42 D, E 3 2 5 Z(4)
SC31
20 C1lX, C1lE, E|1l, A, |PCl 3 4 3 Z(5}
Pl (with sc4z and C30
SCA2 D=3C41)
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Fig |1, A ClE, E Cix, 2, P2 A-E |A-D|P1- | Z
N° Pl P2 and/or
Cl
21 C1X, 2, P2, Sc31, E (with | 3 4 3 Z(4)
SC31, 8Cc4z2 1, 2 D=5C32}
Pl
22 C1X, C1lE, 1, A, | PCl, 3 4 3 Z(4)
P1, (with SC42 SC31 and C30
8C4z2 D=3C41)
23 1, A ClE, E D 2, P2 4 1 4 Cl
24 1, A ClE, E D PR2 4 1 3 Cl
25 C1X, CiE, E 1, A D 4 1 1 C1l
P1,
PR1
26 C1¥, CiE, E 1, A D 3 2 2 Cl
P1,
PR1
27 C1%, ClE, E 1, A D 2 3 3 Cl
Pl
28 1, A ClE, E C1X, D 2 2 1 Cl
P1#A
29 1, ClE, E D 2, P2 5 1 5 Cl
30 1, ClE, E D 2, P2 2 1 2 Cl
31 C1X%, ClE, E, 1, A, D 2.5 4 4 Z(17})
P1, SCc31 SC42
sC42
32 ClX, ClE, E, 1, &, D 5.5 3 4 Z (17)
P1, 8C31 sC42
5C42

are provided.

In Figures 16 and 18,

two capacitances C30 and Z2

Capacitance ZZ 1is formed by turns SC3,
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51

SC4 between SC4Z and SC31 (4 turns for example} with
SC31 forming ClXZ.In additiocon to Z, another
capacitance C30 formed by a capacitive component 1is
provided between E and C1XCl. The terminal C1XCl 1is
connected to a point PCl of the antenna L, which lies
distant from P2 by at least one turn, for example one
turn in this figure. In Figures 16 and 18, 27 lies
between C1lXZ and ClE, and C30 is a capacitive component
between E and C1XCl.

In Figure 22, two capacitances C30 and ZZ are
provided in series between the terminal ClE, E and the
terminal C1lX, Pl formed by end SC42. The capacitance ZZ
is formed by turns SC3, SC4 between SC42 and SC31 (for
example 4 turns) with SC31 forming PCl. In additicn to
Z, another capacitance C30 <formed by a capacitive
component is provided between E and PCl. Terminal PCI
is connected to point 2, P2 ¢f the antenna L.
Terminal ClE, E 1s formed by the end c¢f the turn or
turns 51, distant from terminal 2.

In Figure 20, two capacitances C30 and ZZ are
provided in series between the terminal ClE, E and the
terminal C1lX, Pl formed by end SC4Z2. The capacitance ZZ
is formed by the turns SC3, SC4 between SC42 and SC31
(4 turns for example) with SC31 connected in series
with point PCl by one or more turns S10 (for example
two turns S10). In addition to Z, another
capacitance C30 formed by a capacitive component 1is
provided between E and PCL. Terminal PCl 1is connected
to point 2, P2 of the antenna L. Terminal ClE, E 1is
formed by the end of the turn or turns S1 lying distant
from terminal 2.

In Figures 23, 24 two reversal points PRl and PRZ2
are provided in the turns S1 between A and E. Point PRIl
lies distant from A by at least one turn and from E by

at least one turn (for example two turns between A and
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2.5 4 4 7(17) 32 A X, P1l, 3042 CEE 3031 1,A, SC42 D 5.5 3 4 Z(17)
51 504 between SO42 and S031 (4 turns f® exanple) with 5031 forning
G XZ.In addition to Z, another capacitance 030 fornmed by a capacitive
conponent is provided between E and C1IXClL. The termnal 01X01l is 5
connected to a point POl of the antenna L, which lies distant from P2
by at |east &Ré tanch, t¥er teawpleetorren uPRli anchis) i Baket PRZFilderes

16 and 18, Zgikiastbetrpenn ChfZand L and 030ni sind CORACIti ¥e at
conponent between E and 01X01l. 10ln Figure 22, two capacitances %%%
h

and ZZ are pr&Frded®™tn 1B e Vet TPt heCter hithal PEFECSE Angnd
term nal C XanBltheeesedubysenet$042. PRR2e z@d@pagi.t ance ZZ is forned by

For mng FOL. I adll ELOR:Fo?25 2 andtor Ekahti ChALe (a5 SEmkd oty o

capacitive compotiemt.i s provi ded between E and PO1. Terminal POl is
S S e R
provided in the turns S1 between A and E. Point PRl is
located at A. Point PR2 lies distant from A by at least
10 one turn and from E by at least one turn (for example
one turn between A and PR2 and three turns between PR2
and E).
In Figure 26, two reversal points PR1 and PRZ are
provided in the turns 81 between A and E. Point PR1 is
15 located at A. PRZ lies distant from A by at least one
turn and from E by at least one turn (for example one
turn between A and PRZ and four turns between PRZ2 and
E).
In Figure 27, two reversal points PRl and PRZ are
20 provided in the turns S1 between A and D. Point PRIl
lies distant from A by at least one turn and from D by
at least one turn (for example one turn between A and
PR1 and two turns between PRI and D). Point PR2 lies
distant from A by at least c¢ne turn and from D by at
25 least one turn (for example two turns between A and PR2
and one turn between PR2Z and D).

In Figures 29 and 30, a mid-point PM to set a
potential at a reference potential is provided on the
antennra midway between the two end terminals D and E of

30 the antenna. In Figure 29, in which the number of turns
of the antenna between D and B is an even number, the
mid-point PM lies distant from the other points 1, A,
2z, b2, ClE, E, ClX, P1l, D by at least one turn of the
antenna. In Figure 30 in which the number of turns of

35 the antenna between D and E is an uneven number, the
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20l n Figure 20, two capacitances 030 and ZZ are provided in series
between the termnal CE, E and the ter®8nal A X, Pl fornmed by end
5042. The capacitance ZZ is formed by the turns S03, 504 between SO42
and S031 (4 turns for exanple) with S031 connected in series 25 with
point P01 by one or nore turns S10 (for exanple two turns 510). In
addition to Zidapotihér PHagacis athcet 830 foomedhsy catlofalpapbiht/e 1, A,

conponent 'SZDr%%gdgtEgetﬂl\e%}g ahd lﬁlbdzTﬂleéétPng 'ﬁa rggghegfto

point 2, P2 of t nna Term'ha s 30 orne e end
of the turn &kst @HES2 | §hAgldrsy antor r%ﬁ@lﬂléiﬂ‘m nan xhg noﬁl@’ar &4dp3,

24 two rever %@Ilala%at&oPFtJh@nglé’BZhaﬁr@ngr Qneded daidthe t,uras 5 p2,
bet ween and Poi né’gPRl lies distant fromA by at | east one turn

and from §1§5 S [dZst Fdne rurn (for exanple two turns between A
and 52 PRl and twoitienndybetiseethdPRIcandobhg, Paihat Ribdd est ditaitrast

fromA by at ast o turn and fromE a tur
exanpl e one Sr%HeSet \r/]\Cglen ahd PR2 1o%ec? EE}Em%grns we%np‘?’é@gar{&
E). 5In FiguRhe 23, FRR2 Jlikes Eli sttt FlonP P2ndythe reastseheppunm or

In Figure 25 K al,.p nd vided
turns Si bet téL\rL}Qg\) \“?% i:)I%oo':{nﬂty Pﬁ:ﬁfﬁ%ggf ocﬁ;%d@%%n%ng?%t %%Zh:al%gs

di st ant ¥¢ omIAlpy nafnbegasat 10uppe PaYnLendf ris Dy 59T | 883MPdRe as

turn (for exapph@ omﬁ ttlhél bﬁig\@ﬁ@sA ael RRRh-anttdduee tdidrs ket ween
PR2 and E). ureééle two reversal points PRL and PR2 are

provi ded in tFﬁguffﬁrsnéls "Hetdeen A and E. Point PRL is 15 |l ocated at
A. PR2 lies distamnh fFigmrAsby2at l3gaslts,oned t th, and, feém E byvatrsal

| east one turn.(fo xanpl . r e angd P and f r,Ns
bet ween PR2 g%&gé) %Rﬁnajggﬁ}:gogg%gt \rkbg)ré\%ﬁgaﬁ po?nt SR%PngI %ngﬁ%%d re
20 provilded dareh&ivor st SwibdingerrfA ahd DumPa nef PRhe i astelint ant

fromA by at legast ong, t%h%nag@ﬁ%mf‘rgmbb %Towa%l%t EONG nt ‘Eﬁgu e%r 15
exanpl e one turn betvveen two turns between

Point PR2 |ieé&-dilstrant8fremrAdy atiteadt orfe t4Pn afld fiom @ﬁ‘%y 3§tr-

25 | east onepbuhm (lf o] G_)SafﬁHEESéd/\Dlﬁ utie betyeelol anemPB2tand rageE
turn between PR2 i

2 d t
a potenti al %lgt?épépgnc@nepo?%ﬁ% ?g{llngéggr 3@5%@%1&? tcﬁg gﬁ?eﬁﬁét}%n%%
m dway B2 weénrnbe tHwvenerteomenabs Board ¢hafges in direction of

winding of the turns is made at a point PR2, PRIl other
than 1, A in Figures 23, 24, 26, 27.
The first access terminal 1is distinct from the
second access terminal. The first access terminal is
25 distant from tThe second access terminal by one or
several turns.
One single first access terminal 1 and one single
second access terminal 2 are for example provided.
In an embodiment, a transponder TRANS as charge 2
30 1is connected to the first access terminal 1 and to the
second access terminal 2, as for example on figure 35.
The figures 35 to 46 correspond to any one of the
embodiments described above, in which the capacitances

C10, C20 which may be present were not shown.
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30 the antenna. In Figure 29, in which the nunber of turns of the
antenna between D and E is an even nunb®%, the nmid-point PMIies
distant fromthe other points 1, A 2, P2, AE E dX Pi, Dby at
| east one turn of the antenna. In Figure 30 in which the nunber of
turns of 35 the antenna between 0 and E is an uneven nunber, the 53
m d- poi nt PM | i es I8i ftngthefr proiger poirresler, LECD apchgrge E
A X, Pl, D bysatcdgrsteene Nalde tarnsof st hes ant epganandi | hea, thokhe
exanple, on the other side relative to the side having these poi %ts

1, A 2, P2, S8€PBG BCCEER, tprmipal 2, aSE\fPéeﬁfiﬁVPanOPhélfJBlrégél ng,
the nunber of turgsvbetweenarbhesahavebaeptoonaddpoi nts on the antenna
(1, A 2,.P2, dE. E _d Pl and the reversal point. or. paints)
may be an nunber,Inf ot @ %I e@“@ﬁéﬂ “Tor e5°¥65 7 is(%ré}frﬁfé(ft of:lhtaﬁrgﬁ§
may be an i ntmegerbd ocoeranped & shmwnsamet He rsitguresgsorterminal 1
non-i nt eger Sf@“ﬂcgé’a%hien sEhgures 3% g@gég: terminalcljnélzi gures 12, 13,

: e

14, 19, 21, , a reversal point i S provi ‘at point 1, A
i.e. a reversed 15odi ree@mirdie -ofa wEHaNAGoBflerhE RN f fihet asharse

at point 1, A1 wagR 99i Ng{dom DH@Wards EecbAdFi 8M&LSe 1522 16hayl7pe
18, 22, 23, 24, 27, 28, 29, 30, 31, and 32, point 1, Ais passeqd in

the diretli ofPPREMEBSt difar HRE E SAEENt i g2 RS s aE WiRdiing: dfFectiCon
of the antenfae2@atidr B2 codowavekssone rarinalr €, Cchangeswnn fairr ectaingn eof

wi ndi ng of the twrns is de at,,a int .P PR1 ot her tha in
i gures 23, 2% Teutss TRl PR Ene Tralieb e e TS el
fromthe secohe aeeess {I&IGN rrate Jhectiisalhgcesspaeahinal ons fAure
di stant fromykhe second access ternminal by one or several turns. One
single first access term nal 1 and one single second access term nal
2 are fof2 exanpl elpr ARAEET | RURRIAREHEI nefte ANCEARSpdRler CPRRNS S&s
charge Z 30 iseveeRnectefst 0 AR fd r sbrackess teraipBalindtantrd® then

second access termnal, 2, as for exanple on figure 35. . The
figures 35 t 8 4§ coPPEspbnd®fo SRV oh osl‘eﬁchré‘%l er%cﬁsr?entt?rﬂ'@sr@gisbe&

above, in whidikttihetcahaci t@nclesoOh8yr F2Q Wi hcomyebiopr efentwarnd

not shown. distinct charges. The first access terminals 1 distinct

20 from each other are distant from each other by at least
one turn of the antenna. The second access terminals 2
distinct from each other are distant from each other by
at least one turn of the antenna.

For example, on figure 39, a transponder TRANS as

25 first charge Z1 1s connected between the first access
terminal 1 and the second access terminal 2, whereas a
reader LECT as second charge Z2 1is connected between
another first access terminal 1 and another second
access terminal 2.

30 For example, on figure 40, a transponder TRANS as
first charge Z1 is connected between the first access
terminal 1 and the second access terminal 2, whereas a
reader LECT as second charge 22 1is connected between
another second access terminal 12 and the second access

35 terminal 2 (successive access terminals).
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54 I n anot her enbodi nent, a reader LECT as charge Z is
connected to the first access terminal 85and to the second access
termnal 2, as for exanple on figure 36. Several charges may be
provi ded. 51 n another enbodi nent, several distinct charges may be
connected to the sane first access termnal 1 and to the sanme second
access termnal 2In anotlFgr exhaplimena,t remspondeRFTRANSPAS chitisns
charge ZI andqg reader s bFCT-85482CaRA ghas e ey MBY, heodhacPNASG! el

to the same first access term na . e sane second acce
termnal 2, &9NERGME Seteggrpltécod ifis§uras 3rcand 3genfierndi RCCKES
transponder TRANSnang the peagler deleGhedr edeseLhét CEilrgtl Nnapdr aldcehdon
figure 38, 15l n another enbodi nent, the an%enna ma conpriie several
first access2C&FmtnaFSTIi1BRLFi nkt fFronfPSachCbt Here | 2EPLIEFE QNS
second accesaprrenm nalEPIA disti nétightrem edch mdtheseri or thhe ddrméxican
of several distingtcharges, The (st pocesscterminglsd di sbingy 20
from each ot her are di'stant” from each” ot hef "by” at "Teast one’t ufn of

t he antenna. 1Bhe second access ternminals 2 distinct fromeach other
are distant from eachoghhel Dodle | el ofe1d Uk Ofnbhe: AN ENRReaRar
exanpl e, on figure 39, a transponder TRANS as 25 first charge ZI is
connect etl bettRedinele ¥ i3d @Ecéss ﬁ@ﬂﬁpﬁa@QP%ﬁﬁjQ?ﬁm%%%bng Heveds
termnal 2, waeteasda reader LECT as second charge Z2 is connected
bet ween anot her figst acgﬁfs Hﬁgﬂingé 1 and anot her second access .
termnal 2. 30For 28%3fpl & 2Cof BT ¢ 480 T aNspBnaEF S TRANS TS "R St
charge ZI islcomnedteddetavemmlideaf prsscatvedsttiaingndlrefuandyt, has
second acces m_nal . ea r L cond r,ge Z2
is connected%géﬁ%egﬁ gﬁéPﬁgragécgggsaggggégtE?%ﬁﬁgp%§29§n5§?%g'second
access 3b°tern nalfh2s(sustiessi facqgueasy tes nifpal s9xampl: in a| high
anot her enmbogi EBNen LSS %Ep,a%éf@itrl feaid dh ﬁfr%m}l%égﬁ%%hd

0
and / or RFID transponder may be connected Eetmeen t he
second i dent FOAETEcddSs 1 ePTHHRELLS, hagber péPfReR Tdi®IYaict TP P8t &Rd
second 5 accessl tEswénaksah, 0 REzforrred@nplheiagplireatieons APPLEor
APPL3 on figure 4% b;%w%%nM he di stinct successive first and second
access term nMargPts 2772 "3 Of course above, the role of
the firsiOaccess Tbet anmimal frreanenafy trwey secomdoactessnt efrirrahizh

may be rever%%%ﬁggnfgrké@&ye$nhﬂ€ Ghad 6 £ ER@“SEE??rhﬁaﬁc%%%augncy

termnals 1, exanpl e & prescribed tuning equdency, ‘a
shown on fi g@eaUZOVEFiSs thenifige Futtiedc 1 1$he ¥ xelgan 18x TRfgat uPng 0

frequency isyher S@mMbRekn thal 96 f RAWENCY, baBAo( IR, WheE eithintihgy
hi gh frequency band covers_t he fregﬁenQ|es h|gher t han or equal to 30
kHz and | owerf “ERERTSY ME . L9hi §2%ATRILRg T equkhcyars &P dXampPe P£3556

MHz. 20The twmizng frequency may also be in an ultra high
In an embodiment, said at least one first access
terminal 1 and said at least one second access terminal
2 are connected to at least a first charge Z1 having a
first prescribed tuning frequency and at least a second
30 Z2 having a second ©prescribed tuning frequency
different from the first prescribed tunihg frequency.
In an embodiment, a first charge Z1 having the
first prescribed tuning frequency in the high frequency

band and & second charge Z2Z having the second
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frequency band (UHF), wherein the ultra high frequency band covers
the frequenci es higher than or equal to580 MHz and | ower than or
equal to 5800 MHz. The tuning frequency is for exanple in this case
868 MHz or 915 25 MHz. In an enbodi ment, said at | east one
first access termnal 1 and said at | east one second access term nal
2 are connecPggscaibed sasing ffirestcarar g& Zhehaitwg aifghy frequency

prescribed tyahpg shtegdencyrarndtat theagkcasgeeandid@i1421having a
second prescribed tunl ng frequency different fromthe fi rst

prescri bed tuni nglfr éﬁl?en%rgﬂo“’dlmentlﬁf hignB6didrentthe first charge
gl gavn gg t heif lhgs;tma_;r aﬁcerzlzbﬁdsh ﬁmétﬁcﬁw@egﬁxym@ Ebeqhegbgf Lequercy
and an seco rge avin e secon es ed.tuni
frequencygi n%tlﬁg‘ Lﬁcer lﬁ% glﬁ%y ba?r?(foﬁde c?bafﬁ%ectg% FS Vihe the
access term saksnd, Qrescrlbedl ntthéngnifodi quentcyof ifi guree 4Bt réa hdigh
first charges I-ng f t ed .t g q i 5
hi gh frequencgega g ygﬁse%%%dcghgggéé 2(11'rc1)a\L/{::Hnep S%egsgﬂ]g% a’&cte@%
prescri bed tGﬁﬁmgnﬁﬁeéu@ﬁ@ytpntbﬁeSQW@r§eﬁpgﬁ ﬁﬁ@&@én@?r@aﬁéla?e

connected to the %m%k{é reﬁﬁb@&f‘r@&&t&mﬁ%hré and tond h§1§§ﬁec%%€r@@d
access term nal In the epbodi nent of f| ur e 44 the first chart%e

10 I hatf ng th@af‘ﬁlt“ﬁ Preskh i HePIHFHEPIT cbiRhRy £RSHHBNRY g

frequency bandghs €esneehed bﬁrv@erist heohhesgtedcciesswéen mutad Fiand
t he second access termn wher the second char% 2 haijth he
re !

second prescFi5edSt uUnfH l??%quen% htehes%??r?% RiSGH °Fr equeney”

band i s connetkeeégabet iden arnetbmrd fchstgaccés?s thermomal lleandecond
anot her Secoﬁ‘}e %S‘r%%gh%?{'l% | fl:%\%uenc 1N tﬁq%euq@%dhq%a 45 e%ﬁges

45 and 46 irst arge first presc

fr equencly5| nbere Hﬁgﬁ%ﬁ@&ﬁ@ﬁciﬂeﬁa’ﬁém §n@6ﬁﬁéctféd”sﬁeta\%§ﬁst ﬁ@rmnal
first daCﬁeSS 1&;%&?”&1110%11?%(1 s%&%n@ﬁ%@&@s@%%%ﬁu%ﬁllmma' 2, whereas :Ee
second charge avi secon scri be e i.n e
ultra high frequeﬁ&‘ytg‘%n %é) %ﬁ é;ﬂ ﬁ@ 538 ddcess
termnal 12 ahdrgke zdedondiragcess fersat npkegc%bésucueisgvér@qmem:y
termnals), the nuber of EULOs. B veen f ne. termnal g Ofpligule 45,

bei ng di f f er ent romt tarns betwe the termn
figure 480 Eir@rgAlalvselsa?Ei@mm\aﬁc amednghei seapndcenpeissi figrmingl

magnetic antenna,fllefQr e bySc-:fdeH"b%'ha Beat Zbeai%v?ﬁ&r Q&hd URS: ohe)

t he ant enna havi ng a first end term nal a second end term nal
(E), at |ea¥f ets\%lQ@é’eé'-émtlé‘ﬂmfﬁﬁ%lePfy 2}“ tt(’élecélrlrﬁé'é‘t hég@hafrrﬁéuency

band is connected between another second access
terminal 12 and the second access terminal 2
25 {(successive access terminals), the number of turns
between the terminals of figure 45 being different from

the number of turns between the terminals of figure 46.
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15 other and / or several seco 4 accessg{erm nals which are distinct
from each ot her 29. CGrcuit according t any of the preceding
clainms, characterized in that aid at |east one first access 20
terminal (1) and s id at | east one second access termnal (2) are
cornected to at | east one first charge (Z1) having a fiest prescribed
tuning frequency in a high frequency ond and at | east one second
charge (Z2) having a seco prescribed tuning frequency in another 25
ultra high f equency band. 57 CLAI MGLAIREI D / NFC antenna circuit
conprising: an antenna (L) formed by a nunber of at |east three
5turns (S), the antenna having a first end termnal (D) and a second
cend ternminal (E), l-at R&EZSt /t NiCagnéssneechiraalis Comp2zistogeconnect a

charge, at |least H&dii 1Y) caparblianee A Gumsd 07 atunkRgrlQn Rl @
prescribed tuning frequenc having a first capacitance term nal

(C1X) and®a seddrdScapaii t%h@e ISRl PREHEY, @ anl i T ePREdITREE RS
(A) connected t@)t hecant e ndl knand cdiShiznct(zhrom t he end term nal s,

5, first comget g reans( A copmeRt g Py bR 20 Lap (A
charge,
- at least one tuning capacitance (Cl, ZZ) for tuning

10 at a prescribed tuning frequency, having a first
capacitance terminal (C1lX) and a second capacitance
terminal (ClE},

— an intermediate tap (A} connected to the antenna (L)
and distinct from the end terminals,

15 - first connection means (CON1A) connecting the
intermediate tap (A) to a first (1) of the two access
terminals,

- second connection means (CON2E) connecting the second
end terminal (E) to the second capacitance terminal

20 (C1E),
characterized in that it comprises:

- third connection means (CON31, CON32) connecting
the first capacitance terminal ({(Cl1X) and the second
{2) of the access terminals respectively to a first

25 point (Pl) of the antenna (L) and to a second point

(P2) of the antenna (L},

wherein the second point (P2) 1is connected to the
second end terminal (E) of the antenna (L) by at
least one turn (8} of the antenna (L) and 1is

30 connected to the first point of the antenna (L) by at

least cone turn (S) of the antenna (L).

2. Circuit according to claim 1, characterized
in that the capacitance comprises a first metal surface

35 forming the first capacitance terminal (C1lX)}, a second
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second connection nmeans ( CON2E) connectgz,gg t he second end term nal
(E) to the second capacitance term nal

it conprises: third connection neans (CON31, CON32) connecting the
first capacitance termnal (ClX) and the second (2) of the access
termnals respectively to a first 25point (P1) of the antenna (L) an
to a second point (22) of the antenna (L), wherein the second point
(P2) is connected to the second end termnal (E) of the antenna (L)
by at |east orgdiursulScef fohaiapt erra {ddomndcepad@cannecttedntimatih

first point of~.the e L), by o] ra( f.th
antenna (L). (E.lé]r’c%]{ i;ég%soé d(i)nﬁég) ?gé%%g?%i, T% %#ag é%%z%&tﬁﬂe%n itr}ile
t hat the capddinsandetednmpuirdes e anicr shemsealonsiumfeded 3% rifecei.ng t he
first capacitance termnal (Cl1X), a second 58 netal surface formng
t he second capacitance termnal (CE), at |east one dielectric |ayer
| yi ng between the 3firsCifstdl fxg TEhdt® heén¥ecndhet®f Suphdce.s

S53Circuit acewadiar@cr@zaRy @h ckahes dhandcapachedded erdamgshided haft
t he capaci taﬁce onpri ses gtgc%east one dielectric Ifayer hay

n a
first oide andestsclthdodPAECHr Stant FrofTFEY | fotl iKitde, S10e and a
first netal swedfoace sfiolemdigtiame ffircst the dadpaci tsdrnee term nal (CLX)

on the first side_of the. | ectrig | ond tal..
surface formng theasecgh%gapgnrgittagnce l?}Fe%:’rlrcf(?lal f(%n\%:')%%on 1% e séf(:l&:r?
side of the @a®asditgncey aeyminal (CIX) on the first side of the

dielectric layer,

- a second metal surface forming the second
capacitance terminal (ClE) on the second side of the
dielectric layer,

15 - a third metal surface forming a third
capacitance terminal (ClF) lying away from the first
metal surface on the first side of the dielectric
layer,

- the first capacitance terminal (ClX} defining a

20 first capacitance value (C2) with the second
capacitance terminal (C1lE),

- the third capacitance terminal (ClF) defining a
second capacitance value (C1) with  the second
capacitance terminal (C1lE),

25 - the first capacitance terminal (ClX) defining a
third coupling capacitance wvalue (Cl2) with the third
capacitance terminal (C1E),

- connection means connecting the third
capacitance terminal (CIF) to one of the access

30 terminals (1, 2).

4. Circuit according to any of the preceding
claims, characterized in that the antenna (L) comprises
at least one first turn (51}, at least one second turn

35 and at least one third turn, which are consecutive, the

(A E), characterized in that

d

e

a
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15- a third netal surfaceform ng a thirdggapacitance termnal (CLF)
lying away fromthe first netal surface on the first side of the

dielectric |ayer, the first capacitance term nal (C1X)
defining a 20 firstcapacitance value(02)with thesecond capacitance
termnal (dE), the third capacitance termnal (ClF) defining a

second capacitance value(d )with the second capacitance term nal

(A E), 25- the first capacitance termnal (Cl1X) defining a third
coupl i ng capddidsanceirnmal (€l GiR)emiiihgt heomhihd eapaaidt ance tteamminzdl
(C1F), connectd. n nnect,i. n 2t hird capaci.tan .
term nal (ClF()E)t ollgng of rEEa‘é%gcg}sIEESgtlérg%ng% S t(jl,gz?gvégég?cﬁotmt
accordi ng to @R oforiestmdedaditiy degians] toivar,adther iseaprich artthtt bl

antenna (L) GQimd sep atsdeastt iﬁ&r§£o%Uﬁaﬁésékve§%ahe%%HnanPR)

second turn 35 and at | east one third turn ch are consecuti ve,

the 59 f9rsta ubhe( SfIirekt &A@ nermdrrthel Becdid @ndSeedmd nalinclEng n
a first w ndigige@itiest i PRitR a J e¥RESAeR@ist (PRtmonpeeted Wigdikgy
second turn, r(i{ihe econd and third turns (S2, 53) extending fromsaid
reversal poi it (PR

- the first point {P1l) of the antenna (L) and the

second peint (P2) of the antenna (L) being located on
10 the second and third turns (S2, S3).

5. Circuit according to any of the preceding
claims, characterized in that the antenna (L) comprises
at least one first turn (51) and at least one second

15 turn (82, S53) consecutive between two third and feourth
points (E; D) of the antenna, the first turn (S81) being
connected to the second turn (52, S3) by a reversal
point (PR}, the first turn (S1) extending from the
third point (E) to the reversal point (PR} in a first

20 winding direction, the second turn (32, S3) extending
from said reversal point (PR) to the fourth point (D)
in a second direction of winding which is the reverse

of the first winding directicon.

25 6. Circuit according to claim 1, characterized
in that the antenna (L) comprises at least one first
turn (51) and at least one second turn (82, S§3)
consecutive between two third and fourth points {E; D)
of the antenna, the first turn (51) being connected to

30 the second turn (S2, S3) by a reversal point (PR), the
first turn (S1) extending from the third point (E) to
the reversal point (PR) in a first direction of
winding, the second turn (52, $3) extending from said

reversal point (PR) to the fourth point (D) in a second
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Stothe first end termnal *(D) in a seggnd w nding direction which
is the reverse of the first w nding direction, - the first
point (Pl1) of the antenna (L) and the second poi nt (P2) of the
antenna (L) being | ocated on 10 the second and third turns (S2, S3).
5.Circuit according to any of the preceding clainms, characterized in
that the antenna (L) conprises at |east one first turn (Si) and at

| east one second 15 turn (S2, S3) consecutive between two third and
fourth point sii(rlx‘ac‘da)orofoﬁ heireddrenmahitcheii the tuwarES pfbeihrg first

connect ed toéitj)t}%cs&cbqln Wfﬁo(l 53) by a reversal point (PR), the

first turn (S°) extending fromtHe third p0| nt (E) to the reversal
point (PR) in a fir&the20 Whﬂt ngbdilngct i OML) t hésseclorhtag n £82, t$3%)

ext endi ng fr qMiSAinth JiME Salp PEANt o fP&et9n£Qﬁn£0leLshaaa' el Qed

second direction of wnding which is the reverse of the first wn |ng
direction® 250iat clfig) ah%o%%f?%"ge‘#anl Bt firehaPREt érelr?é@alln (Hatof

t he antenna (ke comHmses(at. | east one first turn (Si) and at | east
one second turn (S2, S3) consecutive between two third and fourth
points (E; D) of the antenna, the first turn (Si) being connected to
30 the second turn.(S2Cis3)hily acceveisal tpoi ata{PR)l, tdmAdatstr itatan

S t endi f t t E er o] d4n
& firet direct o%ﬁ’% e "Ll o Bar AP sa s 2he Sl g Fom
sai d revé? saltugai nt S(lP’R) arld t e fbarsh pondt (Bjond awmrond2, S3)

consecutive between two third and fourth points (E; D)
of the antenna, the first turn (S1) being connected to
the second turn (52, S3) by a reversal point (PR), the
first turn (S1) extending from the third point (E) to

15 the reversal point (PR) 1in a first direction of
winding, the second turn ($2, S$3) extending from said
reversal point (PR) to the fourth point (D) in a second
direction of winding which is the reverse of the first
direction of winding,

20 - the first point (P1l) is located at the first end

terminal (D).

8. Circuilt according to any of the preceding
claims, characterized in that at least one turn (S2} of
25 the antenna comprises in series a winding (S27) of
turns of smaller surrounded surface with respect to the
surface surrounded by the remainder (S2”) of said turn
(S2) or with respect to the surface surrounded by other
turns of the antenna (3).
30
9. Circuit according to any of the preceding
claims, characterized in that the tuning capacitance
{(Cl) comprises a second capacitance (Zz) formed by at
least one third turn (SC3) comprising two first and
35 second ends (SC31, SC32) and by at least one fourth
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GO direction of winding which is the reygrse of the first direction

of winding, - the first point(Pl)is |ocated at the internedi ate tap
(A) of the antenna (L) and the second 5 point (P2) is located at the
first end termnal (D) of the antenna (L). 7. CGrcuit

according to claiml1, characterized in that the antenna (L) conprises
at least one first 10 turn (51) and at |east one second turn (52, 53)
consecutive between two third and fourth points (E D) of the

ant enna, the tfunnst(3amn iy rieimng connetted todt becsadoeadisur(sqss?,

S3) by a rev |, poi (PR the first t (S| ext endi,n fromthe
third point %I(:“)E%td 15&%‘%e r)él\/lé:ra}s]al pol?nt ﬁ% mg% st = reclt |ac}nly
wi ndi ng, the ss@eaad Uty ofibZhebIpustiherrdinyg (SCdm Sai dietfeV@r@éﬂ ls@isrit

(PR) to the ft%lértfeuﬁ%at ERbabAransecond, i r@&w@noft Nk NG Wity

1 H%
is the reverse of first alrecmn O?WII’]II’] eflrst poi nt
(P1) is |%cat(§§3a1t tﬁé fiet thdd % ek RrRal (3B)). and ths Yeed t end

accordi ng to @a20f dfheher eeedithg telral rr@,c4qhar acterized in that at
| east one turn (S2) _.of 25 the antenn nprises in series i
(S2') of turns of sﬁglﬂ e l%%‘?r@ﬁ?ﬂdeﬁggif)f aé’ésv\ﬁ‘ﬁ i~ éictt't”éntﬁré(
surface surr dundéerbydtibeanemat noer t(l'@")se@j‘onsial dntiur ns«ﬁ&) arf Witthla:
respect to t u%_l.&lhf A8 S Yl (rgﬂzncé%%nb%r%t h%r yr.ns, of th ﬁgn% (t%)

30 rcuit accor t o any of the prece
char act e¥9 ze(i0|Uﬂrtﬁ1hdftu1IIhe $¢141] ngthapéeppaniceer(otms%iﬂﬁpr@éetha $ddaad

capaci tance Cegh [ e5aTA Dyi8ly | LERnQNS iVl UERGADERR COMRLL SRy
two first and 35 second ends C32) by at | east one fourth
(SC41) of the fourth turn (SC4) than from the second

end (SC42) of the fourth turn (8C4), the second

capacitance being defined between the first end (SC31)

15 of the third turn (8C3) and the second end ({5C42) of

the fourth turn (SC4).

10. Circuit according to the preceding claim,
characterized in that there is at least one turn (S1)
20 of the antenna between the intermediate tap (A) and the

second capacitance.

11. Circuit according to either of claims 9 and
10, characterized in that first coupling means are
25 provided to ensure coupling (COUPL12) by mutual
inductance between firstly the at least one turn (§82)
of the antenna electrically connected in parallel with
the first and second access terminals (1, 2) and
secondly the other at least one turn (81) of the
30 antenna, second coupling means are provided to ensure
coupling (COUPLZZ) by mutual inductance between said
other at least one turn (S1) of the antenna and the at
least one third and fourth turns (SC3, 8C4) of the
second capacitance (ZZ).
35
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61 turn (SC4) conprising two first and ggcond ends (SC4l, SC42), the
third turn (SC3) being electrically separated fromthe fourth turn
(SC4) to define at |east the tuning capacitance (C) between the
first end 5(SC31) of the third turn (503) and the second end (SC42)
of the fourth turn (SC4), - the first end (SC31) of the third
turn lying further distant fromthe second end (SC42) of the fourth
turn (SC4) than fromthe first end (5041) of the 10 fourth turn
(SC4), the secondlend €3€32) tof athertihhyd tor nt{SCIrdaadichd urdlhem,

di stant f t fli . . SO4 f the f h ( h f
the second et LaToL 1Y her ol h (Urn (SOR!, EHEPALTE ey LA
capaci t ance Heinvgcdefy ndte berweenithebétveenendi¢SCY) tbeoftt Heast
third turn (SE) @nd they sespndnendn(and )eQEcEEECEﬂ@ﬂgt EOhg%?%%tﬁhch%H

10. Gircuit according to the preceding claim characterized
there is at RS Gde Witkh 8 g orthecamrshmesssndeiminaels (1,

i nternedi at e 2yapddy) addotdey seenadogdpacidtancdst one tdin ConGuids
according to either, of clai 9 and 10, characterized in that first
Coupl | ng oo SR oy FHBd TS (e ROURF 1 HserB0GHA oF CEYCthuEal
i nduct ance befhwegrdiimstdy Hetovegin Isedst et urtn 1(€32)t ohea e rant(@ina

electrically t ] aral | W irst . SecC e
term nal s (1,0%(2);1@1%d§§g%:§ﬂ I f%t :Jhoet h“gle‘g| telul'.%%[gf'e:asot%eozralltgl%j %?ng?gi ?f%glfr%?he
30 ant enh@, dgeEovrd (E6Wpl iS6d Inedng her segood dedarcd tensgr d ZEoupl i ng
(COUPLZZ) by mutual inductance between said other at |east one turn
(Si) of the antenna and the at |east one third and fourth turns (SC3,

Sc4) of the secondcapadi-fiite 3BArdingp to any1®f ¢tehng Jcésr dicng
to the pr e]gedihﬁga@t@jrhmzetmamcttﬂ{aitéedhbn tﬂit?i:dt ftleuxfri rﬁscg@urﬁﬂlcﬂlg the
means are for y .the proxim_t etween, firstly, the at |east one
turn (S2) of ﬁgt &kha (é%éétrai alty S gﬁﬁé(@tded in5 parallel with
the firsi5and second access termnals (1, 2) and, secondly, the other

at least one turn,(Si )59%&;9% au nd e, S§RONY, £oLpl § g 9""3?%;5 1are

formed by the proxinity between said othef at feast one turn (Si) “df
the antenna &hg¢relRéealzegasin ¢hett rihed tAdd of dumrh (SC3) comprises at

least one third section, the fourth turn (SC4)
comprises a fourth section, the <third section 1lying

20 adjacent the fourth section.

15. Circuit according to claim 14, characterized

in that the sections extend parallel to each other.

25 16. Circuit according to any of claims 9 to 15,
characterized in that the at least one third turn (SC3)
and the at least one fcocurth turn (5SC4) define a second
sub-circuit having a second natural resonance
frequency, the first and second access terminals (1,

30 2), together with a module (M) connected to them and
with at least one turn (52) connected to saild first and
second access terminals (1, 2), define a first sub-
circuit having & first natural resconance freguency, the
turns being arranged so that frequency difference

35  between the first natural resonance frequency and the
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10turns (SC3, 5C4) of the second capaci gance (Z2). 13. Crcuit
according to any of clains 9 to 12, characterized in that the third
turn (SC3) and the fourth turn (SC4) are interleaved. 15 14.
Circuit according to any of clainms 9 to 13, characterized in that the
third turn (SC3) conprises at |east one third section, the fourth
turn (SC4) conprises a fourth section, the third section lying 20

adj acent the fourth section. 15. Grcuit according to claim 14,
char act er i zedsowrichata ttdrs lsect s @ axt Ensopan @y | £ Bqueachoobherless
2516. Circui cqrdi to any of claims 9 to 15, characterized in
that the at &gggkqéﬂgﬂgﬁird turn (5C3) and the at |east one fourth
turn (SC4) define a second sub-circuit having a second natura
resonance frequenqy, the Linst And 8GN 8CERYS Jerd oahs 611030 52),
together with a nodul e ( connected to themand with at | east one
turn (S2)°cofhécPEd a4 d1f it dh¢ Sdcdiid sdec s e fard ((BC3)
define a firstmdsuhcidicuidadaving aohttst toahurat4yeseraneea second

frequency, the tur.ns heing, arr.anged so that frequenc i fference 35
bet ween t he fsiurbstclﬁﬁud‘re[al F&V&ﬁﬁceaﬂec’fﬁ&? and’atr{t%a 3 &SGR

natural resofarceshcgquenhey fiigsequald tecnd essddrarckthiMdds (1, 2)
M Cnoul REERRA0 AT Sbatl @ Th) O drdc GHBY PRLET LEAT i,
| east an e

that the at one third turn at Ieas‘ one ourth
turn (SC4Y défti nkeassecdtd Subnci ol t chavErged seeor@idat biest and

resonance frequency, akheski nadrgih 8eCcqAd agcesg diefdn gal £ fdy  ub-
together with a nodule (M connected to themand with 10 at | east _one

turn (S2) coffeCled 'V ¥ ifldS tamd L Ean & SROPESS T dLARRNSY( 1 L 1)
define a firstursub-wdiopi drhangag aof igrsit natielr dke@sangned fference

frequency, the.turns .heing.arranged so that the frequency difference

bet ween the FFgFeﬁaf%Filg%é ng%ggréﬁedﬁ%ﬁﬂ%?%ﬁﬁif?&gﬂ%g%%cgﬂg the

nat ural lesosascad medquerdy iessetyrate toroquénss 1haaaboD Keizor less
than 500 KHz.

18. Circuit according to any of claims 9 to 17,
characterized in that the at least one third turn (SC3)
20 and the at least one fourth turn (8C4) define a second
sub-circuit having a second natural resonance
frequency, the first and second access terminals (1, 2)
together with a module (M) connected to them and with
at least one turn (82) connected to said first and
25 second access terminals (1, 2) define a first sub-
circuit having a first natural resonance frequency, the
turns being arranged so that the first natural
resonance frequency and the second natural resocnance
frequency are substantially equal.
30
19. Circuit accecrding to any of the preceding
claims, characterized in that the antenna comprises a
mid-point (PM) to set a potential at a reference
potential, with an equal number of turns on the section
35 extending from the first end terminazl (D) to the mid-
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18. Circuit according to any of clains %4to 17, characterized in that
the at least one third turn (SC3) 20 and“the at |east one fourth turn
(SC4) define a second sub-circuit having a second natural resonance
frequency, the first and second access termnals (1, 2) together with
a nodule (M connected to themand with at | east one turn (S2)
connected to said first and 25 second access termnals (1, 2) define
a first sub-circuit having a first natural resonance frequency, the

turns being yighgedsp Lhat ohheHd rsﬂcﬁ%ﬂr@itéﬁé%n%oﬁtr %@t'éerﬂ@e-
and the second natural resonance frequency are substantially equal.

30 19 Pogrtc Uit adcortdicn g aceTéh et i@ ededdiing cl ai s,

characterized in that the antenna conprises a md-point (PM to set a
potential at a refg)rengE pot.%ntlal with atbo ual nLFmb r of turns on
the section 35 exf&ndi g “Frdm t RESPFFEPYen i n8F (D)€t &F1HE I
t4 point §PMclanidson ctme:as:enstnmcexilentﬂnm’g f&bon themimdpsi D, (BEY) 1,0
t he secondedt 2 G rcuigt I n to y .of
t he precedi ng '5 @{al s, iharséacltderlazpe QP% tﬁ%tidsﬁgqtoges?m %1511 SP?E) a%d
1, 2, JE CtRe oema@qtea@q%)mlsau?cﬁ pelafigig R plrmeldiy tdfe at least

CapaCItance &greezzﬁoggé'najﬁaph%ﬁé%'tﬁe9in§ﬁgl%ﬁ§tlba%%e oedess: fAde
nodes defining at | east one fi rst group (51) of at |east one turn

bet ween two erPéIP fodds °fo qt1,le@s) Wépdridte FetoiRssadivotiierst dndest
| east oneo seqqr)d (gm)up sebaaiatlecagtoineaehhest Hatr N 6HA) dxet _wee@tt\wle
second nodes ar at fron}aeach ot her at | east

oo oeas® setandl FFOLAbE AL SR o b | R I50) instdgen
first coupli ngonesmasorat endB8epr olli.ded) t ecpasakte doupl | eycli COUREL?) by

nutual inductance hetyegs e fr sl ohg HBo( sl g ehepsle opgobULn

and the second group of east one ot turn rough 't

that the fi réteagﬁo@@e(eﬁ) téte A RS 1 asks uﬁrlnfats gso¥l ltinshaeans e

vicinity19f thev3dQeseconyl géﬁHQr@f alodrgasly onecotPer2f ur By( SZucual
21. Circuit according t ar&é thfe recedl n cl allth char ct erized
in that saidfERHtRE 215 ey t p saild t a(tA) eagd; pne

points (Pl, R2yn aatdeBhehee@ﬁmmc@mqe (;EI atZZ)eaiaetldmeeaophun:altidm
of at least t t n fi n| . S n t gr

(Si) of at Iela%s? one G{?h ’gﬁ?v\ggﬁ%t\%@ ftéoldgesgta(%]f&de) par%ate
from each ot Regstanehat ttl@f@stl@neoeecgndeglroiup bheatVﬂceiaSIttwnefotut@r

turn (S2)obelueen 30, $ac0nd 100des dil RheteRaiat adaom each

ot her, and at | east "one th group of at | east one ot her turn (5083,
SH4) between two third nodes (E, A X) separate from each other, at

| east one of the birst caedestbeibgodiihgr ety fm@m af |edst pzr&éa‘iﬂghe
second nodes, laams, characterized in that said terminals (D, E, 1,
2, ClE, C1X), said tap (A), said points (P1l, P2), and
25 the capacitance {(Cl, ZZ) define & plurality of at least
three nodes, the nodes defining at least one first
group (S1) of at least one turn between two first nodes
(1, Cl1lE) separate from each other, and at least one
second grocup of at least one other turn (S52) between
30 two second nodes (1, 2) separate from each other, and
at least one third group of at least one other turn
(SC3, SC4) between two third nodes (E, ClX) separate
from each other, at least one of the first nodes being
different from at least one of the second nodes, at

35 least one of first nodes being different from at least
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35 | east one of first nodes being dlffeggnt fromat | east 65 one of
the third nodes, at |east one of the thiTd nodes being different from
at | east one of the second nodes, - first coupling neans are
provi ded to ensure coupling (CCUPL12) by nutual inductance between, 5
firstly, the first group (Si) of at |east one turn and, secondly, the
second group of at |east one other turn (S2) through the fact that
the first group (S1) of at least one turn is positioned in the

Vi Ci nidty of | the sacemd aoup Qfoﬁs It%&stle(y& Qirhselroft lﬂ}féc(&%%)l_ﬁzdz%des
second coup ns rovi de ure co 1 Ng

o ual nducERs BRtBaeT Ty Athd SRS il 8 P eGTer ke
one turn and secondlfy_rtslte bbupdlggoumeahsatateas;br@vted@cﬂ hei’otlﬁ“rmure
(SCG3, S4) t the fi rou f at t
one turn is %ogl#gl oned |¢l&§%ﬂ]§% Ci nlytylﬁ L%%le tg gcé?gup ofb ect%‘? ea{st
one ot her5t ufiresdy, $O4) first graap GEllcwift aé:cd@raﬁtng)rteo iy and,
precedi ng cl alda,nchar achs i 5@901‘1@ %;B@Ept he fdd SieQ0UPnkSkinel &lyrn

| east 20 one turn 1S positioned ween the second group of at | east
one ot her turl®2)SHhraiph h’%h?hﬁéltgltéléﬁ &fheatflné%'st%@ﬂépot(ﬁéa edr mt

(SC3, SC4). 1least one t&%n Qécgbbfsﬁ@@%dlrhgatehanwlaj‘lrpll@ NG £2Q HeO
22, 25 characterlzed in th tance 3:par tlng t%g turns (51,

S2, SC3, SCAFSHAGnGiRyH & dlaftfgLreé"rT‘t §r6up: qI& ©6’6r 1ess than
20 mllim@tres. - second c@dplfhgcundaraccardi ngroeidayg ofo claiswe20

to 22, 30 ch t t t Ll
(51, 52, 53 L el GBA o M THEr B G biRE e SR, Tl

than 10 mi || ithet rigdsst group (S1) of at least one turn and secondly
the third group of at least one other turn (8C3, 5C4)

through the fact that the first group (S1) of at least

15 one turn is positioned in the wvicinity of the third

group of at least one other turn (SC3, SC4).

22. Circuit according to the preceding claim,

characterized in that the first group (81) of at least

20 one turn is positioned between the second group cf at

least one other turn (52) and the third group of at
least one other turn (SC3, SC4).

23. Circuit accocrding to any of claims 20 to 22,
25 characterized in that the distance separating the turns
{sl, Ss2, §8C3, 5C4) belonging to different groups 1is

equal to or less than 20 millimetres.

24, Circuit according to any of claims 20 to 22,
30 characterized in that the distance separating the turns
{s1, 82, 8SC3, 3SC4) belonging to different groups 1is

equal to or less than 10 millimetres.

25. Circuit according to any of claims 20 to 22,

35 characterized in that the distance separating the turns
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25. Circuit according to any of clains gg to 22, 35 characterized in
that the distance separating the turns 6 (Si, 52, 503, 504)
belonging to different groups is equal to or less than 1 mllinetre.
26. Circuit according to any of clains 20 to 25, 5 characterized in
that the di stance separating the turns (Si, 52, 503, 504) bel onging
to different groups is equal to or nore than 80 m cronetres.

27. Circuit according to any of the preceding 10 cl ai s,

characterizedgin t8al aicd eagtsp nRARIGICFCAD ab ohargr agdolipor &t

| east a transponder (TRANé) as charge i’s connected to the access

ternminals (1SPPl to or lessxghay demitl @SSt d-ng to any of the

preceding 15 clains, characterized in that it conprises several first

access termnals %é) i.ch are distinct from each_other ang / _or
SS a R

several second ac &F Rl &SI EH TS &9 Y n@t Fram e &Chér
20 29. G bcuidhaaeedrdiingd crarmhadf tihee dirsgcediengeglaaiatsing the turns
characterizeddn that i-d a a first.a 1 ) .and
said at Ieasgégﬁe g%boﬁgkgccggg?tg%ﬁgﬂ{3J%£)£3rgﬁgﬁﬁﬁgﬁﬁgbggéué% ¥
| east one fi Estuadhdge( AP ehdliang 88 Milcsonsita$er.i bed tuni ng
frequency in a 25 high frequency band and at | east one second charge

(Z2) having a secqnd prescribed tuning frequency in_anather ultra
hi gh frequency ba%a: Clrculit according to any of the preceding

10 claims, characterized in that at least a reader (LECT)
as charge and / or at least a transponder (TRANS) as

charge is connected to the access terminals (1, 2).

28. Cilrcuit according to any of the preceding

15 claims, characterized in that it comprises several
first access terminals (1) which are distinct from each
other and / or several second access terminals which

are distinct from each other.

20 29. Circuit according to any of the preceding claims,
characterized in that said at least one first access
terminal (1) and said at 1least one second access
terminal (2) are connected to at least one first charge
(Z1) having a first prescribed tuning frequency in a

25 high frequency band and at least one second charge (Z2)
having a second prescribed tuning frequency in another

ultra high frequency band.
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