1 RFID ANTENNA CIRCUIT DESCRIPTION The invention concerns an RFID and NFC antenna
5circuit. RFID is the abbreviation for Radio Frequengy Identification.
NFCistheabbreviationforNearField Communication. 10This 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 mobile 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, USE keys, SIM and (U)SIM cards called 20 "RFID or NFC SIM card", stickers for Dual 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 2 contains data that is to be received by the antenna of a second RFID circuit
(transponder) which may optionally reply by data by charge modulation to the first circuit. Each RFID
circuit has its antenna 5 operating at its natural resonance frequency. As a general rule, the problems
with RFID antenna circuits relate to the efficiency of the magnetic antenna of the transponder and reader
i.e. to the efficiency of coupling by mutual inductance between the 10 two magnetic antennas, to the
transmission of energy and information between the electronic part and its antenna, and to the
transmission of energy and information between the two antennas of the RFID system. 15The chief

objective is to gain in radio efficiency RFID ANTENNA CIRCUIT
DESCRIPTION
The invention concerns an RFID and NFC antenna
5 circuit.

RFID is 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 mobile telephones, personal digital
assistants PDAs, computers, contactless card reader S,
the cards themselves which are to be read without
contact, but also passports, identification or

description tags, USB keys, SIM and (U)SIM cards ca lled
20 “RFID or NFC SIM card”, stickers for Dual 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



(emitted or captured magnetic field power, coupling, mutual inductance, etc.) by the antenna without
losing any signal quality (data distortion, antenna bandwidth, etc.) whether emitted or received.
20Antennas with reduced surface areas (30x30 mm) are becoming increasingly more seen, even largely
reduced surface areas (5x5 mm) for applications such as cards Or aCards, stickers, small readers, option
Or detachable readers in mobile telephony, in USE keys, in 25SIM cards. In addition to a reduced
(<16 cm2) or largely GRU@sI42 dhadissinEedeseideddy bre{RBR are very strong m&&hanical or
electric constraints saichsestihd préfdbce oifculiatt@rpnasareen onvdigplay,ee80 conductor support in the
field very close to the@ieanardhgseyvaseuselestigantbmashaniealonstraints on the surface lead to

reduced efficiency oftbe Wa'égcﬁ?sﬁﬁlﬁo%‘ﬂ@uﬂ eﬁg‘geq@/, t0.1955Lf 35 signal power emitted or

received by the antenna, and to 3 reduced communication distance or reduced transmission of energy or

information. or 88?(5?\%%4%538“%585&93”@% ec%%?%’s for antennas of reduced (<16 cm2) or
largely reduced 5 (<4 cm2)\S@faeeesrbalihdhansrogiegrewitt REdasraeBaing encountered regarding the
need for power on theremtitectlatecajmtutad nedfirieticyfield, the baagmadih of the radio channel to meet ever

increasing data ratesgiad sianflafds i@&g@iﬁ)ﬁggh andSrR 443 ée.90 faRel 0 transport, identity, etc.), ISO
15693 (e.g. for tags)eqﬁgllelﬁFlD/fl\élég E@ga%)i]yiin Hﬁﬁﬁ% L}é}%r?caénfﬁaq\% és,eector (EMVCO). th(I;)ocument

US-A-7,212,124 for examp@/t?e_scrl ormation device for mobile telephone, comprising an 15
antenna coil forthed WP a"aPeG LN dPntagnERRSTRRINAI, UnSR&EGrated circuit and resonance
capacitorsconnectechtistiefeineting dusiiWernirteyrateciroinsuipagmandnitaites with an outside apparatus

through use by the agriesicohed a thagneticthieldsdtiepiessignGervirg as a battery receiving
section is formed on;gReRALQT thesusircerf thecasaansheovsred by gigpattery cover. The battery,

antenna coil and sheet og magnetic material are housed in the depression. A film of vacuum evaporated
metal or 25 a condué%f\% Material coating is applied to the case, while no film of vacuum evaporated

metal or coatintPof conductitie® FiteERRISSRISHRLE ERIhEBAEI-PIHEIRECYThe antenna coil is arranged
between the battery @wittedndrtheebiatiedy nvalitst ith dislde pbofemacmetimgnaterial 30 is arranged between

the antenna coil anditiguaptiRIYCRARE, deBEsy it ZRR AHERRRuERIIRas an intermediatgéap, the
resonance capacitorgnygmgﬁn(ﬁ%ﬁrgé @ #ﬁtegg}]gfé%oaftﬁ%ﬁ%eggﬁd%iI, and the integratgt%’circuit is

connected in the centr een one _
etc.) whether emitted or received.

20 Antennas with reduced surface areas (30x30 mm) are
becoming increasingly more seen, even largely reduc ed
surface areas (5x5 mm) for applications such as car ds
or pCards, stickers, small readers, option or
detachable readers in mobile telephony, in USB keys ,in
25  SIM cards.
In addition to a reduced (<16 cm 2) or largely
reduced (<4 cm 2) 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 very close to the
antenna.
These various electric and mechanical constraints
on 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, an dto



35 antenna coil and the intermediate tap. 4 This device has numerous disadvantages. It only functions
in mobile telephones. On account of the presence of a hattery, the antenna must have a very high quality
factor before its integration. 5 However, a quality factor having such a high value is not suitable for
RFID/NFC antenna circuits, readers or transponders (cards, tags, USE keys). In a mobile telephone, the
reason this high value quality factor exists is that electric and mechanical constraints 10 overwhelm the

original quality factof SH4RedAREHAYNEBH R ARG A aFARCRDHESMRout these colf¥iraints, this
quality coefficient of thergrgheainioudtizntoo high and would generate a much reduced antenna

bandwidth at -3 dB, hence perysseveiadiberiagsbnabitheiprodeiatesh emitted or Pecgivest HF signal through
charge modulation (g\ibgatger o 13,98, Mijz :@%Z%Hz 424) kHz, %?95'3’2 &lG).apd too high emitted or
. . ! . ie)

received power. Alsg the couypling with said antenna, again for conventional applications or without these

20 constraints, ould BBl A UfiBrt e AP HERI eSS Shdihas (<2 cm for example) the
mutual inductance cREIREISNBNNISELSL IO BREN iR lBEeRMlyohiBRMRY tAB frequency tunind'®f the two
antennas, would causmaitteel powespatéated dynthie réelderthe doiagseltR Socould saturate thé radio stages of
the silicon chip and eyendgns tppansible ARt ustion e kgnerandgesilicon, this silicog not having
infinite calorific dispearﬁgan F?%%?Hg. inh%?égresgag:uggerpé&fiﬁ%?%@ 04@9693 for example 30 describes
an antenna device essentia y Tor reader mode operation. 1t'has a coriventional arrangement of a series

inductance, an&rarfMBA oG Pargifel inaGela?ss & ARQi9%n arrangement of twd) series
inductances with a tlaind ifdiclb?AMcE papaltdiaatione dbB5tite hrolkipgesesthictances. The embodiments
proposed 5 notably (egmied)vo different surfaces, one large and one small, either on the same

inductance or on two indu%&mﬁl}hg@_@@ptﬂ% ‘?&H‘%‘i‘”@@ﬁﬁ%ﬁee'ﬁ@mﬂé%”%is to allow amplification of
the signal 5 emitted in the centrﬁjof. the anter"gllgé %%Iga i}mall parallel inductance, and in a third
I

embodiment, to eIimﬁﬂ@{@ra&f’lat /17614 408 B nginﬁom{/\?é%% the arrangement_a&f the two
antenna surfacks. ORBIIMACHSRINEAAH s BIFTEREh 1R T8V &TiBI0 according to ddifment
US-A1-2008/0450693asetiedt it cannotribegiratiegratedrauio areethbosssthaacd. Another disadvantage is that

the coupling of this deyiggiiprieadsnpdeyth anothes ardarmmaloeggnot meet the ideal conditions to obtain
optimum coupling Wiim@gﬂzﬁet&an%?l%ﬂﬂer'communicates with an outside
apparatus through use by the antenna coil of a magn etic
20 field. A depression 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 hou sed
in the depression. A film of vacuum evaporated meta | or
25 a conductive material coating is applied to the cas e,
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 co ver
and the battery, whilst the sheet of magnetic mater ial
30 is arranged between the antenna coil and the batter yin
the depression. The antenna coil has an intermediat e
tap, the resonance capacitors are connected to both
ends of the antenna coil, and the integrated circui tis
connected in the centre between one of the ends of the

35 antenna coil and the intermediate tap.



DocumentsEP-A-1,031,939andFR-A-2,777,141 describe an antenna circuit device for transponder mode
operation having two electrically independent antenna gjrcuits.In the device described in documents
20EP-A-1,031,939 and FR-A-2,777,141, a first antenna circuit consists of a conventional inductance and
the transponder chip. A second antenna circuit consists of a coil winding forming an inductance
associated with a planar capacitance called a "resonator”. The objective 25 of the two embodiments is to
allow amplification of the efgﬁﬁ&%‘é{@ﬁ']@ﬁé BigRSIFEE &iped R tReeTesonator arrangement for the first
antenna circuit comprising lthentydospteniein Tribide viieplocoedifgro&ral0E1,939and 30 FR-2,777,141
has the disadvantagefaheopteleadbaifis magbrioarran@nwihausgnavanteeing the efficiepcy of increased

read distance. Worsgégll, WRen aggﬁ)[gi,ngfggﬁgerw(g?eexggn\ﬂ%ﬁggg: RFID communication between
the reader and the tn@i})on er do%ﬁ nogtatake 3§Place. Additipnally, the same remarks as for
, B8

document US-A=7,2 2 Lad 5 RN EShSHAH h 9P ¥BH S or circuit, coupleéisby mutual
inductance with a firSCastétakieciE RFBNIsiAGienaarsshEhdeRdRES 5 relationship is dlasi-linear, to
make things simple, ot disstlicathis effagency 8Brelaslis distaancenobiédficiency of electromagnetic
field capture and, seggasihsribietreriecR el thes2 RgeNarEIgYitsR thedieroximity, and theirfrequency
tuning. 10The advanégl%%ofi ghgh rtanggp%ngn Sﬁ]@%ﬁ%l ool WéptsnEP-A-l,OSLQBQ and

FR-A-2,777,141 is that maximum efficiency is obtained between the 2 antenna circuits, hence the

greatest possiti® quakEMBeficiBAR MBI LRt & (e AR Femarks as 15for dGcument
US-A-7,212,124. DoEamem@ENentDI®F0, Sapplissditihesadevicwitrtpardigsavith the two preceding devices
described in documestisseRirfs .3, 932liand bdfidieht/ 6f, 146l dRtliat 2 resonators are usgd to amplify the

received 20 electromagngtisdigly; T s&q&emmaré%né%@éoge APRY Asyprgyously made. In addition, the
constraints indicated for dOCLéments and FR-A-2 ﬁﬁ%h,lﬂ are all the hriﬂger and more
e

P-A-1, 93 ,
Cifcul © overcome UHEATh A AL Al bl RS e o6 rer

15 of the modulated emitted or received HF signal thro ugh
charge modulation (subcarrier of 13.56 MHz at +847 kHz,
1424 kHz, +212 kHz, etc.) and too high emitted or
received power. Also the coupling with said antenna :
again for conventional applications or without thes e

20 constraints, would be such that at a short distance
between the 2 antennas (<2 cm for example) the mutu al
inductance created would be such that it would full y
mistune the frequency tuning of the two antennas, w ould
cause the power radiated by the reader to collapse,

25  could saturate the radio stages of the silicon chip and
even lead to possible destruction of the transponde r
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 serie S
inductances with a third inductance parallel to one of

35 the two series inductances. The embodiments propose d



To increase the transmission of emitted or received energy by the antenna, it is possible to add an
amplifier in the radio transmission or receiving chain, bgt this adds to the financial cost and 30 available
energy and entails probable distortion on the modulated HF signal. It is also possible to increase the
level of the signal emitted by the silicon, but this is often limited by integration, technological choices, and
35size. 7 It is also possible to reduce the internal consumption of the silicon, but current needs for
signal cryptography 84faRlY €68 Qs eI eN e cR)CdAtPEpRed of task executidi mean that the
5 trend is more in thertresttiah, ofithereasetheneagyecomdusigneen or oTdwicrease the emitted or captured

magnetic field, couplingudiaiicia. industancesjida\also possike tarcredagegonsiderably the number of
antenna turns. 10 T@%W@dﬂqénggs%thglgmvgu&ﬁ%]ﬁﬁgfgne@n{ﬁgng\/%m number of turns facing the

antennato be c upled,.ana hencc;:ﬁ mutual |ndL*ct nce and couz?llng. 1::lﬁ??lery close distances between
the 2 antennas g<2 c‘?ﬂ}'% idhdEn 58S Psotlitid eeiﬁ{g?,ng'iﬂc ¥hé'm | inductance 15 would be very
high, and would leacPfsallsliAReusintCer tREBRIMD3yEEth LHRPRABRNbING a very high quality coefficient Q
and hence a very low!ipaindteidilidtion|bolg slistanadampdiatiym P&t cm) it would be anabaost ideal
solution, but the modpéates ife sisnebiyreigvBafiltenes KPfarfRFID/NFC systems. Finally, it is possible

to act on the size of the an@rqgaofbﬂtéhigié% &%g{%%lg v(\)/piﬁpeis rr%%lxade(%@ligglg a_nd is qﬁen a constraint.
The invention grﬁnerally sets out to obtain an Z5 antenna circuit having transmission efficiency and

improved transtittingCOMYRBAS. dockBIERHis e el Bkt ®iie &t of e fvention is an RFID antenna
circuit comprising: ataanetnbe fiotagsatey antumbeeotuasketstcarde 80aihes, the antenna having a first
end terminal and a sgieatide@rshtendin: eideastipiggaetessstaisviaalsio connect a charge, at least one

tuning capacitance fPéa{Hm@%tﬁrﬁﬁﬁf%?%ﬂﬂérﬂ%gm’H?é@[‘ﬂ?éifét 8 capacitancgjerminal and a

second capacitance terminal, an intermediate taP connected lio the anlﬁ'nna and distinct from the end
terminals conditions ~ to obtain. optimum ~ coupling  with  a

15 transponder.

Documents  EP-A-1,031,939 and FR-A-2,777,141
describe an antenna circuit device for transponder mode
operation having two electrically independent anten na
circuits. In the device described in documents

20 EP-A-1,031,939 and FR-A-2,777,141, a first antenna

circuit consists of a conventional inductance and t he

transponder chip. A second antenna circuit consists of

a coil winding forming an inductance associated wit h a

planar capacitance called a “resonator”. The object ive
25  of the two embodiments is to allow amplification of the

electromagnetic signal received by the “resonator”

arrangement for the first antenna circuit comprisin g

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



5 - first connection means connecting the intermediate tap to a first of the two access terminals, second
connection means connecting the second end terminalgo the second capacitance terminal, characterized
in that it comprises: 10 - thirdconnectionmeansconnectingthefirst capacitance terminal and the second of
the access terminals respectively to a first point of the antenna and to a second point of the antenna,
which is connected to the first point of the antenna by at 15least one turn of the antenna. According to
one embodiment of the inveAHBIINatd iHirRRGE GRS 8% dRhe2es RS Me first end terminal (D) of the
antenna (L) by at leddSehd RitR, (3% of cartenva (Iasdaid iMEimealiatotaei#)rsting 20connected to the
second end terminalfggdvfatdrtesingull-)coy sk e agt Mot idinndSotahentgnna (L). Accordinghto one

embodiment of the inveationfigares d éo‘*n&ﬁsiﬂr&%@ﬁ%%@ﬁ&@rﬂpl_) is  connecteg,to the

intermediate tap_(A) by at Iezhst one 25 tu"n of the anteirfma .___According to one embodiment of the
invention (figureé 13" %t,'%:'.s, i%)',sth%uﬁ‘?é't 'HSFHt (E’lﬂg chfwso\ﬁ%pl termediate tap (A).’According to
one embodiment of PRIeRMEGHItHES6ffiRisNpYiRt GR0iNg ebineeted to the first end térAfinal (D) of the
antenna (L) by at leasfticieadyrndS) efeatremagnit)c thédidst paptt(P1)deling connected to the second end
terminal (E) of the arteriRIb iRy atigast engiubiwa AR08 (- 9 According tgipne embodiment

of the invention, the first point (P1).is 1o t the first end terminal (D). According to one
FSXI?@{R/,, t%ré&g[ﬁ%w ﬁéé%%ﬁcrg E@%E

embodiment of the ifivent secon S located at the first end terminal (D) of the

antenna.  ARording to SHE eRWBAIARNE Uf thE invEREHM LSS RINRANTP2) is located at the
second end terminald@uofehts afférind, 083A33Drding tbRre 2miotiheist dhdie invention, the second

point (P2) is conneciggxtining iatecivadiaie tapdieby mitleast ane tarangdiihe antenna.  gAccording to
one embodiment of tha.ipention, the sgrand 8@9{6@2) iﬁ&mgctegﬂi{pe first end
coefficient. We therefore arrive at the same remark s as
15 for document US-A-7,212,124.
Document EP-A-1,970,840 describes a device

comparable with the two preceding devices described in
documents EP-A-1,031,939 and FR-A-2,777,141, in tha t
2resonators are wused to amplify the received

20 electromagnetic field. The same remarks therefore a pply

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 difficul tto
overcome since the two resonators lie close to one
25 another.
To increase the transmission of emitted or
received energy by the antenna, it is possible to a dd
an amplifier in the radio transmission or receiving
chain, but this adds to the financial cost and
30 available energy and entails probable distortion on the
modulated HF signal.
It is also possible to increase the level of the
signal emitted by the silicon, but this is often
limited by integration, technological choices, and
35 size.



15 terminal (D) of the antenna (L) by at least one turn (S) of the antenna (L), the second point (P2) being
connected to the second end terminal (E) of the antenna (L) by at least one turn (S) of the antenna (L).
According to one embodiment of the invention, the 20 first point (P1) is located at the intermediate tap (A)
of the antenna (L), and the second point (P2) is located at the first end terminal (D) of the antenna (L).
According to one embodiment of the invention, said 25 first and second points (P1, P2) are separate from
the first intermediate tap (A, tife fHSCPORNSERL§ bdthgEIHRR i to! e ARt end terminal (D) of the
antenna (L) by at leasirswenution(S)foftiiee atitarmalil), therfirst peied$P19rbeing connected to the second
end 30 terminal (E) @fdhal art9ptery(apHly darast anetunind@heindge metaora (L). According to one

embodiment of the iy QHR{/‘ (figyres, d3q 1) e ssendaPimdEhisjogated at the first end terminal (D)
of the antenna, §1e firs?éogointﬁg? ii??éon _ﬁ%%%)dﬁﬁo he intermediate tap (A) by at least one turn of the
iment

antenna. Ac ordfﬁe'd1 éné) ntlBAC83RY it ¥ diate tap (A) forms a first
intermediate 5 tap (APEEMPECIMtermediate tap (A) being connected to the first end terminal (D) of the
antenna (L) by at least oneTwrninSkasehetrantemmigdt), the daptunternmadiatetiap (A) being connected to

the second end termyap] (BuRfithe AieRNAdLEBY &L, IRaSH 8 10(S) of the antenngdL), the
second point (P2) is loc a second_intermediate t f the antenna (L), the segond intermediate
tap (P2) being conné@tgﬁ?g %1% %%r)gtg g%ﬂ%@ﬁnﬁ%ﬁﬁﬁ%%fhfgn%%ﬂh% {?Srlby at least one té'rn 15 (S) of the
antenna (L), tht%ecdRP M IR dersea8 P D) Bising CRh B second end termifl (E) of the
antenna (L) by at leastrohertofriySisofagiecatite ramellnaAederdingntedna embodiment of titk invention, the

20 capacitance compgges anficgbmathlcantacaharmsngithe. fatcapagitimce terminal (Clgg), a second

metal surface formin@ig{%@gg%@@mﬁi@a@gﬂt@{@gg&qﬁ),tﬁiglgbaﬁgone dielectric laygp,lying between
the first metal surface ar]d the second metal surface. 25Accqrdin t? one embodiment of the invention,
T A MRl 0l

the capacitance corﬂBﬁ% AL S_ng(ﬁiel%'%?c ayer RY ﬁ g _(i %ﬂfg and a second side distant from
the first side, 15 aWRs{thiRRaYRYrfAISE fEMHinYPIHE 1R3E 30 dhpMmGHaRte terminal (C1X) oA%he first side of
the dielectric layer, of tleeREINdysEtakshyfatsothempgthergdéond calpacitance terminay (CIE) on the

second side of the diglegféied@y®andhence a very low bandwidth. For | ong
distance operation (>15 cm) it would be an almost i deal
solution, but the modulated HF signal would be filt ered

20 for RFID/NFC systems.
Finally, it is possible to act on the size of the
antenna, but this is a variable which is rarely
debatable and is often a constraint.
The invention generally sets out to obtain an
25 antenna circuit having transmission efficiency and
improved transmitting conditions.
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
30 turns, the antenna having a first end terminal and a
second end terminal,
- at least two access terminals to connect a charge :
-at least one tuning capacitance for tuning at a
prescribed tuning frequency, having a first



a third metalsurfaceforming a third capacitance terminal (C1F) lying away from the first metal surface on
the first side of the dielectric layer, 5- the first capacitange terminal (C1X) defining a
firstcapacitancevalue(02)withthesecond capacitance terminal (01E), the third capacitance terminal
(C1F) defining a second capacitance value(01)with thesecond 10capacitance terminal (01E), the first
capacitance terminal (C1X) defining a third coupling capacitance value (012) with the third capacitance

terminal (C1F), cGRRREIRAMReaHEYARECtMthethirPE8SpaGERIELAB Minal (C1F) to one of the

access terminals (1, 2)termimacording to one embodiment of the invention, the antenna (L) comprises at
least one first turn (Sipratilgaghenreecapd donnendntteagieongidmichtuand20 which are consecutive, the

first turn (Si) extending framdheossaond /e ieipyRal (E) in a first winding direction to a reversal point
(PR) connected to the second turp, the second and third t rns_éSZ, SBl?extending from said reversal point

(PR) to the first 25 endBerFRAFESYTh Q%@%%n%omﬁﬁfw.dﬁ]&ﬂ S8R the reverse of the first winding
direction, the first pamiop fiyBrahbameneeess &fdiRalsecond point (P2) of the antenna (L) being
located on the secondeacwhthiebturensi(B2 nE2nSWhoreaing tthenseemizbdément of the invention, the

antenna (L) comprises @tjeaal @@ diddann Capandfideashipage second turn (S2, S3) consecutive
between two third and }‘:%Lérr@ R in%%(&%ﬁ%hﬂf tﬁs nstgg,na, the first turn (Si) being connected to the second

turn (S2, 35S3) by a reversa? Sollzn turn (Si) 12 extending from the third point (E) to the

reversal point BR) in Biff'st iRASGtRRectiBifafe setYMPRIAY (52M63) d¥inding from said reversal point
(PR) to the fourth pointc@ppititansecdeiniiadctiod ahe winging whitheisatressverse of the first winding

direction. Accordingeienimgse ngsptiotiostyof e aAnviastiopdfigursss 1z 31, 32), the antenna (L)
co_mprises at Ieast_one JirsttHn S 8ng atleagt B&ﬁtsﬁcﬂ{@ E{H{éln;lg, (B4cf$3) consecutive between two
third and fourth points E; D) of the antenna, the flrs(t]ﬁturn %SRI:}) bein c_onnected to the second turn (82,_ S3)
by a reversal point (PR%, % ?ﬁg{%ﬂr%) éﬁrE ERS‘in rg?ﬁ THiK POt (E) to the reversaf point (PR) in a
first 15 east one turn of the antenna.
According to one embodiment of the invention, said
intermediate tap (A) is connected to the first end
terminal (D) of the antenna (L) by at least one tur n
(S) of antenna (L), said intermediate tap (A) being
20 connected to the second end terminal (E) of antenna (L)
by at least one turn (S) of antenna (L).
According to one embodiment of the invention
(figures 13, 14, 15, 16), the first point (P1) is
connected to the intermediate tap (A) by at least o ne
25  turn of the antenna.
According to one embodiment of the invention
(figures 13, 14, 15, 16), the first point (P1) is
located at the intermediate tap (A).
According to one embodiment of the invention, the

30 first point (P1) is connected to the first end term inal
(D) of the antenna (L) by at least one turn (S) of
antenna (L), the first point (P1) being connected t o]
the second end terminal (E) of the antenna (L) by a t

least one turn (S) of antenna (L).



15 direction of winding, the second turn (S2, S3) extending from said reversal point (PR) to the fourth
point (D) in a second direction of winding which is the rgverse of the first direction of winding, - the first
point(Pl)islocated at the 20 intermediate tap (A) of the antenna (L) and the second point (P2) is located at
the first end terminal (D) of the antenna (L).  According to one embodiment of the invention (figures 15,
17), the antenna (L) comprises at least 25 one first turn (Sljzgan_d at least one second turn (S2, S3)
consecutive between two thffEAHEIIGrANB MBI MENbPIHESG ML I Rrst turn (Si) being connected
to the second turn (S2stSB)inly (& I veloabfrslmt(FR) fithe dingt tenmi(Si) extending from theahird point (E) 30
to the reversal point (BR) in a first direction of winding, the second turn (S2, S3) extending from said

reversal point (PR) to the fg\gg&&g@%[@r‘i@ as65enshAireetion At windingyuhich is the reverse of the first
direction of winq%ng, 13 Irst point F;égﬂis loca 'rgfaﬂ’t[ltage first end terminal (D). ccording to

- the fi .
one embodiment of %%Cmﬂﬂ%,(gé?é%% u’%‘(@z dfif8hna comprises in sefids 5 a winding
(52") of turns of smal{Ey stitreRReANSUrface with respect to the surface surrounded by the remainder (52")
of said turn (52) or with respedirttirthecorfacntodivadedf ijeotheertions tfethe antenna (3).
According to one emhodiraesinf (he)iRveptian Hentdtisisu(@Pidhs antenna (3) arejgigtributed over
several separate ph 'cg} mg%%§enn According to one embodiment of the invention, the tuning
capacitance (Cl) comptises a sec na ‘capacitance (ZZ) formed by at least one third turn (503) comprising
15 two first andSecond endS{86H1Y 50 99F HMIRARFELG JRE oYM E04) comprising two first and
second ends (5041, S8 theirthiiPiuh (SUBcksng dhectnieamed@tarated from the fouh turn (504) to
define at least the tupip@gapreithnee (Gi) betneantdm@a20 first end (5031) of the third turn (503) and the

second end (5042) of the f%g&gﬂgg (8W¥e empdBBASt NG ESR3ENREhe,third turn lying further distant
from the second end 504@) of th ? %Sh turn (504 ﬁh n from the first end, (5041) of the 25 fourth turn
(504), the second et ‘(’88 2)pc91”f eﬂyw d fﬁrnc%gb-'gf f/ﬁwgtﬂjrt St cﬁ&&n?ﬂ%m the first end (5041) of the
fourth turn (504Pthafefibinah@Pietiohte cHiqEB L) dhtH 6ash W IEE04), the second capacitance being
defined between the(B)sbértdg SOB4Nr3D (bj,thibethsettunch (B0B) &) theisgcond end (5042) of the fourth
turn (504). Accorgingderan taRbasipirnE /d eniantigns thergns at least one turp i of the antenna
between the interme Eﬁi/t&q e(ﬁgt %ﬂg H] 3%(?%3%%%8%9\3% 14 According to one embodiment of
[ rovide u

the invention, first co g means are p to ensure coupling (COUPL12) by mutual inductance

between firstly the at least ORI & PBE (AR BPHURRL AELAIANG BIBnH¥ ted in parallel with the first
and second acé@ss fisshiming (R 1Pisdecpirtentlly thiemaediase éast one turn (Si) of the @ltenna, second
coupling means are pfowideitgeansune ;oaptinghE GeIndZ pbinmyirml ilsductance between said other at

least one turn (Si) of JQ,1bg aptepaand thedteast %eahi(ﬁeagﬁité%rth turns (S03, SO4),of the second
capacitance (Z2). (w.

According to one embodiment of the invention, said

25 first and second points (P1, P2) are separate from the
first intermediate tap (A), the first point (P1) be ing
connected to the first end terminal (D) of the ante nna
(L) by at least one turn (S) of the antenna (L), th e
first point (P1) being connected to the second end

30 terminal (E) of the antenna (L) by at least one tur n

(S) of the antenna (L).

According to one embodiment of the invention
(figures 13, 14), the second point (P2) is located at
the first end terminal (D) of the antenna, the firs t



According to one embodiment of the invention, the first coupling means are formed by the proximity
between, firstly, the at least one turn (S2) of the 15 antgfna electrically connected in parallel with the first
and second access terminals (1, 2) and, secondly, the other at least one turn (Si) of the antenna, the
second coupling means are formed by the proximity between said other at least one turn (Si) of the 20
antenna and the at least one third and fourth turns &803, SO04) of the second capacitance (Z2).
According to one enfiigirfeht §r4RRNRHAEAHON G EMRIFIGERIT R4 Hnd the fourth turn (8€4) are
interleaved. 25Accomiitepsh ometernisddiaantasfrtae invention, the third turn (SC?) comprises at least one

third section, the fourth turp¢sésdihgontprises acfapsidiaestions thethirdaamsion lying adjacent the fourth

section. According t%&ﬂeiﬁﬂmﬁ’éﬁ@@“tz% t?&)iqgﬁﬂgiog,f}g@ N saetings extend parallel to gach other.
According to ong embogi ent of the invention, the t(gi%g_capacitance (C1) comprises a first capacitance
g a didtB he

(C1) comprisin ¢ W&Wé@ﬂﬁ@ﬁ%‘?&%% PErfARAF (C1X) and the secSth capacitance 35
terminal (CIE), the fif6t ‘€8P &RETNNALIRY PhaldR ANt idivh of a wire, etched, dcrete, or printed
element.  Accordifeptd amreembod{Blerdfottibe amemtimn((f)guttes Tiést18), another capacitance (030) is

5 connected betweepifigneeeaed 8N daerainglcdrhabd Rrink (Qbhaf the antenna whighys connected to
r?lédtiﬂlg to one embodiment of the

the second point (P -at least urn of the antenna. C

invention (figures 25[ 29 'Ré%e un%%éaggét%n%ﬁib%/c%rﬁﬁarée(g 0 a first capacitance (030) in series
with said secord ca §%i?£ﬁ&%?2§‘?””a {kdcording to one embodiment of the invention (figure 22), the first
capacitance (030) is connediel beeaednpwistséedndselntatechiabldEasoré antenna and 15 the second
point (P2) which is cpnaecteshte the firstesminal 46@3hhofLthettbiredesn (S03), the intermgdiate tap (A)
being connected to tm%ﬁ%%%@é‘?ﬂﬁ‘iﬂﬁ’é)@gﬁ JShihe foynth #Kn;(§04) which forms the fist point (P1),
the first terminal (8(2[4%%%% 0 fgﬁmh tyﬁrn S0O4) formirll%éhe first end terminal (D) of the antenna.
According to one empodl f% FRANGEORY r8y265,_ tfiPﬁ?cé%racitance (030) is cofnected
between the sd&ond(@hdfetRfnaNtENTs e aerifReand FsaHBeskISnERBoint (P2) which is connected to
the first terminal (S084))db¢ivey thintheote (S03hdpatded traheetmingdS5H)), the intermediata tap (A) being

connected to the se¢pad tesAHAFL (IR ) 1Iehshefeuith wndiBé)anhich forms the first peiph (P1), the first
terminal 30 (5041) ctUhe fourth turn (504) forming the first end terminal (D) of the antenna.

According to one embodiment of the invention, the

20 capacitance comprises a first metal surface forming the
first capacitance terminal (C1X), a second metal
surface forming the second capacitance terminal (C1 E),
at least one dielectric layer lying between the fir st
metal surface and the second metal surface.

25 According to one embodiment of the invention, the
capacitance comprises at least one dielectric layer
having a first side and a second side distant from the
first side,

-a first metal surface forming the first
30 capacitance terminal (C1X) on the first side of the
dielectric layer,
-a second metal surface forming the second
capacitance terminal (C1E) on the second side of th e
dielectric layer,



According to one embodiment of the invention (figure 21), the first point (Pb) is located at the

intermediate tap (A), the second point (P2) is located 3 at the second end terminal (E) of the antenna.

16 According to one embodiment of the invention (figure 19), the first point (P1) is located at the first
end terminal (D) and the second point (P2) is located at the second end terminal (E). 5According to one
embodiment of the invention, the at least one third turn (S03) and the at least one fourth turn (SO4) define
a second sub-circuit having & se®9fd nEieidl reSdiiatie FRGIEACY, 3ne Htét and second access terminals
(1, 2), together with aapadtdace d€¢m)inan(ettodymnthemiaynianthtiae I8est one turn (S2) connected to said

first and second accassiergifate (lorR) ttefineta dics sob-giecudidaring a first natural resonance
frequency, the turns geing arranged so that frequency difference between the first natural 15 resonance

frequency and the second natural resonance freguency is equal to ar less than 10 MHz. According to
one embodiment of the inv'e&k oﬁf%%@?@?&c&%%%g{jﬁl O%?%@tﬁ‘e at least one fourth turn (SO4)
define a second subf#fcuiCRRAHGRACL0 skabRd néEdal rediBnaribe fre3REMREY, the first and second access
terminals (1, 2) togettegrasittmaenteduilea( M) dOnnected to them and with at least one turn (S2) connected

to said first and second access RiiMipakatkaridedingfieistibdekiaiig having a first natural 25 resonance

frequency, the turns geecigﬁ Oarr%ggggta% C;Qat{/ (?ugeqtl pey %ﬁﬁreqﬁg beé\évg%rathe first natural resonance
frequency and the second_natural resonance frequency'is equal to or less than 500 KHz. According to

one embodimel! of FRPARIEREE IR &lBASt one third turn (S03) and the at least one fourth turn
(SO4) define a second sub-thetiitsh aapecHasweotedmiarlr T ledotelintedraquency, the first and second

access terminals (1, tBjrtogetiptiny/itapatniedute (Miequestaatiotbaemiand with at least age turn (S2) 35
connected to said firggaggtgﬁgg%ﬁm%@jninals (1, 17 2) define a first sub-circuit having a first
natural resonance frequency, the tﬁrns bein% arranged so that the first natuﬁ?rl dresonance frequency and

the second natural resonance 'i’llbed" 8Hcy afe &Jnﬁstanﬁgﬂ{)eec(ﬂ'ﬂgl. the t

15 capacitance terminal (C1F) to one of the access
terminals (1, 2).
According to one embodiment of the invention, the
antenna (L) comprises at least one first turn (S1), at
least one second turn and at least one third turn,
20 which are consecutive, the first turn (S1) extendin g
from the second end terminal (E) in a first winding
direction to a reversal point (PR) connected to the
second turn, the second and third turns (S2, S3)
extending from said reversal point (PR) to the firs t
25 end terminal (D) in a second winding direction whic his
the reverse of the first winding direction,
- the first point (P1) of the antenna (L) and the

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

30 According to one embodiment of the invention, the
antenna (L) comprises at least one first turn (S1) and
at least one second turn (S2, S3) consecutive betwe en
two third and fourth points (E; D) of the antenna, the
first turn (S1) being connected to the second turn (82,

35 S3) by a reversal point (PR), the first turn (S1)



5 According to one embodiment of the invention (figures 29, 30), the antenna comprises a mid-point (PM)
to set a potential at a reference potential, with an equaj pumber of turns on the section extending from the
first end terminal (D) to the mid-point (PM) and on 10 the section extending from the mid-point (PM) to the
second end terminal (E). According to one embodiment of the invention, the antenna lies on a
substrate. According to one embodiment of the invention, the 15 antenna is a wire. According
to one embodiment FRBARGeMtRIR, Lfid tiFthiRQIRl(FE 1q, DeCEVEBRY, said tap (A), said points (P1, P2)
and the capacitanceq@nt Z2ZRHefina dinslurdiging atiteakonhréie neelem)dthe nodes defining 20 at least one
first group (Si) of at lgast @2 BEN babMary thenlirssidodss dal @P&ihsaparate from each ogper, and at least

one second group of at {HQS?&%O%HU{B%S@ between twaisecond gedes (1, 2) separate fr(_)m each
other, at least oge of the first Zgig odes elngﬁdlfferent flg%nf) a)rtl least.one of the second nodes, first
2

coupling means™are W_f'%ﬁ@%dvi’ stite'B8u }‘@rf&dﬁ Eﬁ} U5 nductance between the first
group (Si) of at leastdi#&ti@f and the second group of at least one other turn (S2) through the fact 30 that
the first group (Si) of at leastooelitugn ie postiorethodimenicinity thbthengeatiomd group of at least one other

turn (S2). Accofgifigde ane eynbaginent ogﬁﬂ@hiﬁye(p_tjoeoﬁg?qut@gngpals (D, E, 1, 2, CIE, CIX), said
tap (A), said 35point§ géfl ﬁg}lrﬁn}ns% é&gl%?é\ﬁgo%@ig%ggs}?h%@%g nlqﬁ a 18 plurality of atuI%:\st three nodes,

the nodes defining alleast one at least one turn between two first nodes (1, CIE)

separate from &3ch &8%er, 3Hd SPTSESHEHR RRYEETYroUB dhitiedB o Hother turn (S2) between two
second nodes (1, 2) peipta&te Pbai techntehos, dnel fistdast 6B third group of at least ®ng other turn
(SC?, SC4) betweercbrndbied node (Eeédig sepr@e, ioB) egch odweisat least one of the first nodes

being different from %Iﬁ?m? AL Githe ﬁﬁﬁo?glﬁog%rﬁﬁﬁﬁa%%‘etﬁé first nodes being different from at
A . .

least one of the third nodes, t qpe of the third.no being different from at least one of the second
nodes, - first couplin& egﬂ@tagg?p?% _e{ﬂ’g Eﬁi@%%&%bb’ﬁnﬁf tOUPLlZ) by mutual ﬂductance
between, firsthlhe FHEIGRIUp 05i) WNgiNgastibpe AAFPAAd, BE-or§Y; the33econd group of at least one
other turn (S2) througki¢hdifactrivat shiel frestaysalipdBi) (PR} eagteofmiturn is positioned iththe vicinity of

the 20second group gdiat [B35h ANRE8hardiERtSrdf windif§GaREcRUPling means are pggyided to ensure
coupling (COUPLZZ e%g%%q%gw%gt&pecﬁi gﬁtgyg\?géﬁ tly the first group (Si) of at least one turn and

secondly the third group of at least one other turn , SC4) 25 through the fact that the first group (Si)
of at least one turn is positidh&d ifi"fle NCIRty 67 e {Rird ¥rBEY ofHt 1688t one other turn (SC?, SC4).
According to oA emibtsdimestiatefteie (fehtiom aerfirat(grcus (B9 seat least one turn isqigsitioned 30
between the second@iaupra) as leasteenetatiefitsiran(® 2rancbin®jhird group of at least ehe other turn
(SC?, 5C4). Accgqgiggtégﬁg\g_;mbodiment of the invention, the distance separating the turns (Si, S2,

7
SC?, 5C4) According to one embodiment of the invention

(figures 15, 17), the antenna (L) comprises at leas t
25 one first turn (S1) and at least one second turn (S 2,
S3) consecutive between two third and fourth points (E;
D) of the antenna, the first turn (S1) being connec ted
to the second turn (S2, S3) by a reversal point (PR ),
the first turn (S1) extending from the third point (E)
30 to the reversal point (PR) in a first direction of
winding, the second turn (S2, S3) extending from sa id
reversal point (PR) to the fourth point (D) in a se cond
direction of winding which is the reverse of the fi rst

direction of winding,



19 belonging to different groups is equal to or less than 20 millimetres. According to one embodiment
of the invention, the distance separating the turns (Si, $2, SC?, SC4) 5 belonging to different groups is
equal to or less than 10 millimetres. According to one embodiment of the invention, the distance
separating the turns (Si, S2, SC?, SC4) belonging to different groups is equal to or less than 101
millimetre. According to one embodiment of the invention, the distance separating the turns (Si, S2,
SC?, SC4) belonging to difféPErftrgreaBY (8 bhigdPiaisHAbIeetHEH 88Cmicrometres. 15This is the distance
separating the grougsrofindn®{Si, S2).  According to an embodiment of the invention, at least a reader
(LECT) as charge and / or Atteaghg tanrsroBatdiMAN D aRcharestisncanected to the 20access

terminals (1, 2). 1%%%9%gqﬁ&a&%qﬂ'gw&%éh&igﬁﬂggprih the circuit comprises;sgveral first

access terminalg (1) which.are g'bstini from each Ither and/§r everal second access terminals which
are distinct from>eacfi 2\ e (52) R éB'i%I?ng EnmbO@MNERt ot'tHe invention, said aft&ast one first
access terminal (1) AHH$arRPaEIEASIDABIERSCOPITALEESS teyfIAdR(P3iare connected to"@Eleast one first
charge (Z1) having g3$i28) 8Dgaid<arin¢82)nmgifhregspacy tm tadghffrequency band andaddeast one
_sricor;(d char:ge_ (Z2) ggﬁwa&pgp@%gm%@@q}g@rgﬂgbﬁﬁ&@nc% in ancl)_thefr ultra highl_fre_qyer_]cy band.20
anks to the invention, it i ed t intai r uality factor or to limit its increase
&g?@ﬁ@% f 8n'Qaem8‘P'b%?eﬁt 8?‘(?%\’/%%8@%@

(the quality factor being equ resonance frequency div & bandwidth at -3 dB) in order to
maintain a readBnabié @5 {SaryiferéAy Bafdiidfi®, ARTRYESARRIng or increasing radiated or 5
received power by tree@ralrmepataterphisiatip@es-educing the mutual inductance generated during
coupling with the second, exdesrgihi kDb aatenibadiiesit. dn Pariivwatiomisiavercomes the need to limit 10

the antenna to one %Hﬂ%@éﬁ%@%ﬁ%@?@ﬁg%ﬁﬁ@é\?g gg@ggdst%)é%ﬂaonable size (>}g£m2) and to 3 or
4 turns for reduced-si ntennas (<]16 cm 21 In prjor art(r&g,?lg/NF readers provision is made for no
more than one or th&ZfﬁE%r%?%é( 24 Sﬁﬁta% Sfrtlfgci'ilé{go a %?@(516 cm?2) and for RO Pnore than three
or four turns fotanteralrst AEELRREPBE 8N 6XF92) o R raRte®Vdtitradiated and re@Sfved power that
is greater than a minome o pohvérran®a4dacoiwidisingaiis freterdisac@ minimum band. ihal prior art

transponders, ends (SC41, SC42), the third turn (SC3) being
electrically separated from the fourth turn (SC4) t o]
define at least the tuning capacitance (C1) between the
20 first end (SC31) of the third turn (SC3) and the se cond

end (SC42) of the fourth turn (SC4),
-the first end (SC31) of the third turn lying
further distant from the second end (SC42) of the

fourth turn (SC4) than from the first end (SC41) of the
25  fourth turn (SC4), the second end (SC32) of the thi rd

turn (SC3) lying further distant from the first end

(SC41) of the fourth turn (SC4) than from the secon d

end (SC42) of the fourth turn (SC4), the second

capacitance being defined between the first end (SC 31)
30 of the third turn (SC3) and the second end (SC42) o f

the fourth turn (SC4).

According to one embodiment of the invention,
there is at least one turn (S1) of the antenna betw een
the intermediate tap (A) and the second capacitance



20 the number of turns is imposed by the compromise between the antenna surface and silicon capacity
and the desired tuning frequency (around 13.56 Mhz ugto 20 MHz). For the transponder there is
therefore little freedom regarding the number of turns in the antenna, 25 and hence little freedom
regarding the radio efficiency of the antenna, hence little freedom regarding action on the quality factor,
the captured magnetic field, coupling and the mutual inductance generated during coupling with the

second, external RFID anté$R8'StHérdGit. ofife SRRAMBNEN i¥e HifoNWEEHRLE: for transmitting or receiving,
makes it possible in fistticalaing reckars naueuprviledac e ndthieheosptiond, external RFID antenna circuit
operating in receiver @O3PIrapsmittingtieded siiaecth e awsent flengithés 21 especially goncentrated in
the active part of the ndyciance . By si(g@ Ifying. fiok thﬁqwﬁgsee@f&ﬁggﬁvcal vulgarization, the mutual
inductance bet\%een two circ%}its IS C;E)Fr?gp?r ionaétofthe number of (g%osite 5 facing turns of the circuit.
Reducing mutu indtAREEHANE f)e‘?f'ﬂ?bt ﬁoH%r?ﬂ‘é&&&ﬂEQ ng of the antenna Eituits at short
distances (<2 cm fori@xangfe (1THE redusterni g Atheiuatdrast ddes not take place t®the detriment
of radiated or receiveard Q$dwest the Lattasrapnsabenthesei@ingesiegogearang an HF RFID/NFC antenna
system with a coil windiaaelinopn enhigdersaipikyleddbibeiary) The magiaglic field (H) is defined by: 15

fo_r circular antennasl.n uia %Iﬂﬁenb'gr:\%é ﬁ)ts gqgn&ﬁgrtg?lgggggﬂ ’tL'I‘)r ﬁzgle radius of the agt&nna, and x is the
distance from the centre of t e a

e antenna in direction x hormal to the antenna. 20> Mutual inductance (M) is

defined by: in #hichiff RMRBALANIEPBAURFSHPREAUIhARCHOY™ERY N2 is the numberBPurns of a
second antenna. Mut§&3n8Géiavideéssacpnamantciadesddgtion of the

According to one embodiment of the invention, the
first coupling means are formed by the proximity
between, firstly, the at least one turn (S2) of the
15 antenna electrically connected in parallel with the
first and second access terminals (1, 2) and, secon dly,
the other at least one turn (S1) of the antenna, th e
second coupling means are formed by the proximity
between said other at least one turn (S1) of the
20 antenna and the at least one third and fourth turns
(SC3, SC4) of the second capacitance (Z2).
According to one embodiment of the invention, the
third turn (SC3) and the fourth turn (SC4) are

interleaved.

25 According to one embodiment of the invention, the
third turn (SC3) comprises at least one third secti on,
the fourth turn (SC4) comprises a fourth section, t he

third section lying adjacent the fourth section.
According to one embodiment of the invention, the
30 sections extend parallel to each other.
According to one embodiment of the invention, the

tuning capacitance (C1) comprises a first capacitan ce
(C1) comprising a dielectric between the first
capacitance terminal (C1X) and the second capacitan ce

35 terminal (C1E), the first capacitance (C1) being ma de



25 flux coupling two conductor loops. The quality coefficient of the antenna (Q) is defined by: Q =L *
2H*Fo / Ra = Fo / Bandwidth at -3 dB The coupling cogfficient (K) is defined by: 22 The coupling
coefficient (K) introduces a qualitative predictionforthecouplingoftheantennas independently of their
geometric dimensions. Li is the 5 inductance of a first antenna and L2 is the inductance of a second
antenna. Thepossibilitiesofincreasingtheradio eff|C|ency of a magnetic antenna are described below. To
increase the transmitted'6r 1¥ERIPE Pri¥éfrefiCBdfidl§TIgSif RiPEBHSdered that the radius R and the

current in the antenredéragnimposed, the number N of turns of the antenna must be increased. To
increase the mutual inductm@@rdmpbthambth@rab@rdtams dJf Rbkanphiva@sa considered to be imposed,

15 then Ni and/or N ,% Je i%cre%gd ano?n%rred I%.@.llt d"ét%;flq@nt (Q) of the antenna, the

inductance (L) 0 the antenna ust be reﬁwced and/or uge resis a) of the antenna increased. 20To

increase coupli (kf%'%?\%tgﬂ St‘ﬁ’eaerﬂe SR I'i%irﬂf %8st be increased and/or the
inductance Li and LP8MNhEPE bhiehniigs aniainse W@@éé&é‘@ﬂﬂﬂ%@@ d@ci’@asmg mutual ind@ctance (M).
The problems and paezoretersine (@2)dbthatdveith @re 2brtloé thadlantery. It is difficult toancrease the
global radio efficiency of thgapiammA WEthgHE CamimeiHment tq]y]e“qygm% or captured magnetic field,
to coupling, to mutu and to the ban WJ 30 by increasing the number of
turns, a favourable 30 ecé%gét?gg% ﬂiedﬁjnk |ﬁ l‘,% ancét%%:%et&% m[éf ic field and in mu[%a? mductance but

the bandwidth {9redBcl§uHARRHA e ?ﬁ@‘%ﬁjé’t‘ﬂf (ﬁ?é‘ilfléﬁeqﬂ”

capacitance (2).
According to one embodiment of the invention

(figure 22), the first capacitance (C30) is connect ed
between the second end terminal (E) of the antenna and
15 the second point (P2) which is connected to the fir st

terminal (SC31) of the third turn (SC3), the
intermediate tap (A) being connected to the second

terminal (SC42) of the fourth turn (SC4) which form s
the first point (P1), the first terminal (SC41) of the
20  fourth turn (SC4) forming the first end terminal (D ) of

the antenna.
According to one embodiment of the invention

(figure 20), the first capacitance (C30) is connect ed
between the second end terminal (E) of the antenna and
25 the second point (P2) which is connected to the fir st
terminal (SC31) of the third turn (SC3) by at least one
turn (S10), the intermediate tap (A) being connecte dto

the second terminal (SC42) of the fourth turn (SC4)

which forms the first point (P1), the first termina I
30 (SC41) of the fourth turn (SC4) forming the first e nd

terminal (D) of the antenna.

According to one embodiment of the invention

(figure 21), the first point (P1) is located at the

intermediate tap (A), the second point (P2) is loca ted
35 atthe second end terminal (E) of the antenna.



To summarize the possible choices: 23 The radiated or captured magnetic field depends on the
number of turns in the antenna. Ideally the number of tygns must be increased. The coupling coefficient is
an inverse function of 5 the inductances of the 2 antennas. By reducing the inductance of the antennas,
the coupling coefficient between the 2 antennas is increased. Again, ideally, either mutual inductance
must be increased or the loss on mutual inductance must be limited. 10Mutual inductance is a function of
the number of turns of antéMF8dlero@NBy FRPELENTI th@hubeYERIPR of the antenna, the mutual
inductance between (frgie ab¥enitizs filstepsins. @Ming dosaietératidheto the coupling coefficient, ideally,
the inductances of thgst Seaatesmamanysh) nghdaiackased. poinf Nebardwidth is a function of the

inductance of the a”@%@&&ﬂﬁ%%&%ﬁ&%ﬁHQ&meaf(@f resistance of the antenna. Ideally, therefore,

antenna inductance must be redéiced and Iits re@%ance increased. 20To conclude on the magnetic field,

the number of tutns must BeSHREAME FRSIE! 'ﬂ%‘%%é*ﬂ?d@‘éed‘ﬂ?é"c pling coefficient, mutual

inductance must be Biel@asheOBRinkiEasdd AKHS) tABAntGctainéeast tA_eantenna must be reduced. 25To
conclude on mutual fodttbtauree(S6d ndefiberaoédeorsl rauistdire uheénaaime or increased. g do conclude on
the quality coefficienicths indystigiaee @sﬁlﬁaﬁé’@e’\fﬁweﬂ? spare ghdeduced and/or the resistance

of the antenna must pe jncre The OL ti he invention provides the possibility, using the
method of the invent%rcl?g pagr%agn%éé?grr{%'rqa %1 I'ﬂ’ol(las?frﬁ) ﬁ&leaf%tj]rraer@?% the antenna sucH}és, for example,

having a differéft cutMehtRMRGIF I AR L MUY ANRAG RBS & Eh{ehna, therefore nothaving a
uniform current in theondegtadrnnsaiddiisenod hesong acliéfssdaainaint in at least 2 différent turns. By
not having a uniformgudemniéndesariepeaciiisnpeBsibie fissohtain a variation in the valugiof 5 inductance

and resistance betwgen at least 2 Héﬂ%;f?{ﬂ@n@#{@ B‘éﬂ?d‘%?ra' Iy therefore, it is possiple to promote or

limit the general vaI\L}e of the induCF nce of thg ?ntenna Eﬁlativ? Q the \{aIuF of the general resistance of
the antenna, or con Cy —diference between — the Tirst =~ natura

15 resonance frequency and the second natural resonanc e
frequency 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

fourth turn (SC4) define a second sub-circuit havin ga
20 second natural resonance frequency, the first and

second access terminals (1, 2) together with a modu le

(M) connected to them and with at least one turn (S 2)

connected to said first and second access terminals (1,

2) define a first sub-circuit having a first natura I
25 resonance frequency, the turns being arranged so th at

the frequency difference between the first natural

resonance frequency and the second natural resonanc e

frequency is equal to or less than 500 KHz.
According to one embodiment of the invention, the
30 at least one third turn (SC3) and the at least one

fourth turn (SC4) define a second sub-circuit havin ga
second natural resonance frequency, the first and

second access terminals (1, 2) together with a modu le
(M) connected to them and with at least one turn (S 2)

35 connected to said first and second access terminals (1,



10Through the non-uniform distribution of current and variations in direct parameters, it is ideally possible
to promote or limit the indirect parameters such as the generated or received magnetic field, mutual
inductance, and coupling and their distributions 15 in the space of the antenna. Therefore, in some
embodiments, the circuit comprises means to make the distribution of current non-uniform between the
two ends of the antenna. The fundamental difference can therefore be 20 appreciated between the prior
art technique with "cehWsHiena1Tiish s Wrneifivds idich d18taR®da consists of N wound turns. In the
conventional loop anesomancerifeequstensideredn® beitdgalyanogdrsn There are therefoa few means for
parameterizing or totRb grsisedha4liretioparveciesuEneyciatcthearigim resistance, bangiwidth) to

cross-vary with indi_r%%gm@g%%rﬂﬁ&rﬁ@angﬂ %%‘Eﬁgiéﬂﬁ‘%ﬁ% field, coupling, mutual inductance).

The solution of the inventiop and, the possible 30 ehraaodiment tﬂin introduce the concept of a particular
[

arrangement of inductanc Cﬁﬂﬁ"%a@taﬂ@@s,%& B 1e? S, YRR active™ inductances,
so-called "passive" il cES, 38)cAlled aRRNNR CRTaRIEs8AcAsMEIdWIAY ideal use of the transmitted or
captured 25 magnetieNglo, setgplpuge miat sl andistamoe patehti@ndwidth. Finally, aigarticular
arrangement of capag{tapGas WitheRy1oe Pk Wihsb akdeitiuexRArfigrces or with 5 indygiances or with a

frequency tuning cirgH(iat L@Slﬁ(ra eﬁ%r{épmqﬁé?@% tthee %9(988%(? I@N@cgir\]/e. The inventio& X\r']i" be better
e following descri a

understood on reading 't win ) lon, given sole a non-limiting example with reference to
the appended 18 drdiiin§eGHAR HXENdINgFRIFe1EAThPRAL SRMILG e embodiments ofthe antenna
circuit as transpondesesoodrelirthtesnizalizention, Figures 13, 23, 33, 43 show equivalent electric
15layouts of the circuits in KigurathdAo 2he3dmBbddimentroguiesihentdn, 7he8A, 9A, 11A show

embodiments of the m”gigcdﬂt@ygﬁ%égccording to the invention,
According to one embodiment of the invention, the
15 antennais a wire.
According to one embodiment of the invention, said

terminals (D, E, 1, 2, C1E, C1X), said tap (A), sai d
points (P1, P2) and the capacitance (C1, ZZ) define a
plurality of at least three nodes, the nodes defini ng

20 at least one first group (S1) of at least one turn
between two first nodes (1, C1E) separate from each
other, and at least one second group of at least on e
other turn (S2) between two second nodes (1, 2)
separate from each other, at least one of the first

25 nodes being different from at least one of the seco nd
nodes, first coupling means are provided to ensure
coupling (COUPL12) by mutual inductance between the

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

group of at least one other turn (S2) through the f act
30 that the first group (S1) of at least one turn is

positioned in the vicinity of the second group of a t

least one other turn (S2).
According to one embodiment of the invention, said
terminals (D, E, 1, 2, C1E, C1X), said tap (A), sai d
35 points (P1, P2), and the capacitance (C1, ZZ) defin ea



Figures 53, 63, 73, 83, 93, 113 show equivalent 20 electric layouts of the circuits in Figures 5A, 6A, 7A,
8A, 9A, 11A, Figure 10 is a view of an antenna in gge embodiment, Figures 12 to 46 show
embodiments of the circuit 25 according to the invention. In what follows, the antenna circuit can
either be a circuit emitting electromagnetic radiation via the antenna, or a circuit which receives
electromagnetic radiation via the antenna. 30In a first application, the RFID antenna circuit is of
transponder type, toRiREONALh I58RaBIEEara9Esy, S HPHRE JISHBH in a paper documeR¥such as a
document issued byainle#fitiaireutirstitgroup dpYsoport, B8 kngs, 1M cards and (U)SIM cards called 35
"RFID or NFC SIM caetlvestickats frsDnadeards or tiakefataterfass caadn (the sticker itself having an

RFID/NFC antenna) \Wwatchesy ot 134 %%céoggc%mliggapg,dpgﬁgé@[ gptenna circuit is of rgader type to
read i.e. at Ieas&recei\ﬁ%the 5 si%%%ga}g%ted by the RFI aéﬂeng%of z transponder such as defined in
the first case, such ad Bbﬂé"bh , ‘ﬂ%,ego%%tesr%?on i TEra §7’, the circuit comprises an antenna
3 formed of at least #ftearaierson sk sribeictaR@Rideash Asuthttst Substrate SUB. TheQ¥Pns S have an
arrangement definingfam ieastadanaHe havm L 8e8H)ibetvesineNzetween a first end térdninal D of the
antenna 3 and a secoawkeng terayaldp ahtlenantesngh ot ihaerpadiment shown Figyes 1A and 113,
the 15 antenna 3 is fgfrmgqir chgggscgé]ﬁegrc(}mg%ﬁrﬁg n§|at§g 3 %{ﬁrom the outer end teyminal E to the
Afirst access terminal

i
inner end terminal D. is connected by a conductor CON1 ?o an intermediate

tap or intermedite 205 GRENpHERNA!BRIVOER it KBl BRARMIRENI%E. A tuning capacitance C at
a prescribed tuning fétaientyiros) satelsasarorefretubacthisdy. nefdes,.56tMHz up to 20 MHz is provided in
combination with thedagdtieliaancst lthef thiedaRtpakdiddy titesasondmna terminal E of antenna 3 is

least one of the second nodes,
- first coupling means are provided to ensure
15 coupling (COUPL12) by mutual inductance between,

firstly, the first group (S1) of at least one turn and,
secondly, the second group of at least one other tu rn
(S2) through the fact that the first group (S1) of at

least one turn is positioned in the vicinity of the
20 second group of at least one other turn (S2),
-second coupling means are provided to ensure

coupling (COUPLZZ) by mutual inductance between fir stly

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

the third group of at least one other turn (SC3, SC 4)
25 through the fact that the first group (S1) of at le ast

one turn is positioned in the vicinity of the third
group of at least one other turn (SC3, SC4).

According to one embodiment of the invention, the
first group (S1) of at least one turn is positioned

30 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
distance separating the turns (S1, S2, SC3, SC4)



connected via a conductor CONZ2E to the second terminal CIE of the capacitance C. The first
terminal CIX of the capacitance C is connected via congyictor CON3L1 to the intermediate tap A 30 forming
a first point P1 of the antenna 3. A second access terminal 2 is connected via a conductor CON32 to
the first end terminal D forming a second point P2 of the antenna 3. Point P2 is different from point A. 27
The two access terminals 1, 2 serve to connect a charge According to the invention, there is at least

one turn S between REOMEABIMAKIeEENLAPHRS é%@SHéléopBFH?ﬁgzt The intermediat®ap A, P1 is
connected to the en@@enitimdt@dy at least one turn S of the antenna L i.e. a turn S3 in Figure 1. The

intermediate tap A, P1 is cpgberiRg t® theesesbrdigishtayminaidvaitwnetiea L by 10 at least one turn S

of antenna L, i.e. twiiyips.Si ap a%IHbFlg]lérethrﬁg W@Eh tge |nr§5§ed ap A is located between the
turns S3 and S Generall ﬂpgﬁordlnito the. mc\%e}ﬁgg 5 Lgts D,E, 1, 2, A, CIE, CIX, P1, P2 form
At

electric nodes o thebféo&%qlﬁt B&HE Eﬁ%’&l{? jéther form the same n888 for example
when the connectionlfhBdh&gle2lectric conductors. Two separate nodes are connected by at least one
turn. In the equivalent schefnaticstyptwnoheyerekbbintre 20 tbikcnientfeigutieel A, the circuit in Figure 1A

has a first inductancgiifrRiedsapaativg indectanag fogmeddy thedhirddeuy S3 between the access
terminals 1, 2. Betw nd ter in | E, th reis a second inductapnce L2, called
passive inductance, %%l?%%gcﬁ)wmg %wsﬁ rﬁsgfsaﬁ e(ggcgn turn S2. The second ﬁla uctance L2 lies
parallel with théQ: tffabetween the mtermedlate tap A and terminal E. The sum of the first
inductance Li and second ifcedinggd orie eaqradiontind edthieintiastiece the30 of the antenna 3. Evidently,
the antenna 3 has adisistescedpaetiag Wite itsunductgnce $2angaBer-8ga)coupling capacitances which
are not shown in all Elﬁdc IHES0 dﬁfereﬂ?”&r&ﬁ}?@%t%aﬁﬁl%'ﬁ?‘%‘?eotf any type of technglggy 35 and using
any fabrication methgr% In the example in” 28 Figure 1A, the capacitance C is of planar type being
arranged on the fre bﬁocg?‘?ﬁrgssubstrate in the centre of the turns S. In Figure IA, the capacitance C is
formed of a capacitor havﬂd“é fitst R tliSatea ke Bttt tHEGHRS cﬁbaatance terminal CIX, a
second metal surfaceuBI&(84rrg2).by the substrate and forming the second capacitance terminal CIE. One

or more dielectric layers aredggﬁ;m@ hetwreatmpdirsbmetal serfarafighang the second metal surface
SIE. 10The embodim é&tt Wi e;gq:g%lrlz ggdc (%alée]% it passib|g.1g Increase the efficiency of the
ur

antenna 3. The embo |ments own
transponder (TRANS) as charge is connected to the

20 access terminals (1, 2).
According to an embodiment of the invention, the

circuit comprises several first access terminals (1 )

which are distinct from each other and / or several

second access terminals which are distinct from eac h
25  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
at least one first charge (Z1) having a first
30 prescribed tuning frequency in a high frequency ban d

and at least one second charge (Z2) having a second
prescribed tuning frequency in another ultra high
frequency band.
Thanks to the invention, it is managed to maintain
35 a reasonable quality factor or to limit its increas e



variant of the embodiment shown Figures IA and 13. In Figures 2A and 23, the intermediate tap A, PI 15
is located between the turns Si and S2. The intermedialg tap A, Pl is connected to the end terminal D by
at least one turn S of the antenna L, i.e. two turns S2 and S3. The intermediate tap A, Pl is connected to
the second end terminal E of antenna L by 20 at least one turn S of the antenna L i.e. a turn Si. The
capacitance C is formed of a capacitor with one or more dielectric layers having a first side and a second
side distant from the(Ht8t GHalYhdaHEr mReHISuRILR! SIX 1difs BRORIRC apacitance 25 terminal CIX on
the first side of the dfedgogitciagdidedsbydhe i@l ddifaat -SIEBIMSthe second capacitince terminal
CIE on the second sigde afthedlieleatricréagenabie figt metatcalyfadacre¥séagether with the second metal

surface SIE, defines@aﬁmﬁaméﬁﬁm&g%ﬁpw&&gm&w&&% SIFformsa third tqg}inal CIF of the

capacitance C. The third. metal surface SIF is located on the same first side of the dielectric layer as the
first metal surface SIRBUIE5 HSrice a\/\t}&§/ RS fi@%&&'@@%@% SiX. The 29 third capacitance
terminal CIF is conn&R¥E8iIRg a BhduBtiraoNBdystansndrRiaiaasD. dtHEthird metal surface SIF,
together with the seaougimgtavstirfatdeeS|Ee dafithesexeapalcit®® vaineethabThe third metal surface SIF
is coupled to the firsgmgial surface SIX through the fact that they share the same reference terminal CIE

formed by surface SIE, to fRir:nfwj aa}t%?élﬂﬁjin@]igaﬁg&ia%ggg cmlgdﬂggjg tl@ mg{tequivalent schematic shown
[ u

Figure 213, the 10 circuit in Figure has a first inductance LI called active inductance, formed by the
second turn S28nd the tARIPTIR 33, BREVEEN MR dHERSsARrRNRIOT, 2'Between the intermediate tap A
and terminal E, therdis|&/Bédoneanensceineeionabitisizpasdidemductance, Ibdoredby the first turn Si.
The sum of the first inductanes LibAnbthe seenrd insteaiarcek2esequal to the totd).inghuctance L of the

antenna 3. Theﬁ%ogq i@qﬁtﬂﬁg %‘&?&ﬂr@@%i&‘ﬂthéhﬁﬁé’%?%e 02 between the intermediate

tap A and the 20 terminal E The first inductance L} lies Earallel with the coupling capacitance 012.

Capacitance Cl is co'HHé%tetm‘nst% SFmii& “YHa sé)éorji ﬁ/ tgqtgﬁﬂﬁwsal Ef.

15 reasonable size (>16 cm %) and for no more than three or
four turns for antennas of reduced size (<16 cm 2) to
guarantee both radiated and received power that is
greater than a minimum power and a bandwidth that i S
greater than a minimum band. In prior art transpond ers,
20 the number of turns is imposed by the compromise
between the antenna surface and silicon capacity an d
the desired tuning frequency (around 13.56 Mhz up t
20 MHz). For the transponder there is therefore lit tle
freedom regarding the number of turns in the antenn a,
25 and hence little freedom regarding the radio effici ency
of the antenna, hence little freedom regarding acti on

on the quality factor, the captured magnetic field,

coupling and the mutual inductance generated during

coupling with the second, external RFID antenna
30 circuit.

The circuit of the invention, whether for

transmitting or receiving, makes it possible in

particular to reduce mutual inductance with the sec ond,

external RFID antenna circuit operating in receiver or
35 transmitting mode, since the current density is



25The embodiment shown Figures 2A and 23 makes it possible to further increase the radio efficiency of
the antenna 3, on account of the arrangement of the capacitance Cl and 02 and of the coupling between
the capacitances Cl and 02. 30The embodiment shown Figures 3A and 33 is a variant of the embodiment
shown Figures 2A and 213. In the embodiment shown Figures 3A and 313, the first point Pl is separate
from the first intermediate tap A and is distanced from this first intermediate tap A by 35 at least one turn
S. The antenna 3 is fFSRREQI feRICE @R etLtite u/RUVEi, BF! S& 40€ from outer end terminal E to
inner end terminal Dindlstiafeeexaddyplesimififying:s Jarantha3 thigpegacieince C is of the type shown in
Figures 2A and 213.tadiechistiniernadiatatiamisdorriectdieiwveemiurns S2 and S3. dée first

intermediate tap A ist\ﬁBrHﬁ%%'i%digoﬁgﬁioﬁgﬂgf%[?ngyn%'iﬁ%@go?rb%&g‘ S of the antennayl,, i.e. the two
turns S3 and S4 Thgaintermediat tap ﬁ IS, c%nnected to the second end 10 terminal E of the antenna L

by at least one tﬁrn _ 8%&”5{?‘&@ &L _8L.“Eh FREA0PD Y3l _ 81 The access teffifffal 1 is
connected to the firstifiteriiediaRs ttHpatiasy e dtatiener GOWDAof the The access terminal 2 is
connected to terminanrdbawhiitvistmotaronskoted thstanmoésal Gidcm  Between the access terminals 1,

2 there is a charge ZexHngoRh)areinsZ 8o ieh exammRiba dehiRcglRplly designated as “ggicon”. This chip
may also be general{xlpre g%b t\%ﬁgn ?:&% r%§%§s§ft éméngs.ogqegg&é%{mmal CIX is connected by

conductor CON31 to a first point P1 of the antenna 3, separate from its terminals D, E. The first point
P1 is located bEtwedtP¥fihs S3 and S4. The first point P1 is connected to end terminal D 25 by at least
one turn S of the antenna LLet eusugoSidathénieg pdiotasl goventiegteahtdihe second end terminal E of
antenna L by at leasRene/MFC Quibante By dni. evithathesevingisgkriodand Si. Terminatid forms the
second point P2. 30{}@9&1% 9 dhgyipvetign, there is at least one turn S between the first point P1 and
the second point P2 i.e. turn S4.

» The magnetic field (H) is defined by:

I+N+R?
J[f = "'----;—-—
2SR +x9)?
15 { =)
for circular antennas. N is the number of turns of the
antenna, R is the radius of the antenna, and x is t he
distance from the centre of the antenna in directio n x
normal to the antenna.
20 » Mutual inductance (M) is defined by:
wo Ny« RY N> R .o
M = ._..'.__...___..: L Rl
f ¥ ~ .-:
2,.,.-' (R5 + x7)
in which N1 is the number of turns of a first anten na
and N2 is the number of turns of a second antenna.
Mutual inductance is a quantitative description of the

25  flux coupling two conductor loops.

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

» The coupling coefficient (K) is defined by:



The third capacitance terminal C1F is connected by a conductor CON33 to the access terminal 1. 31

The terminal CIE is connected by a conductor CON2E 49 terminal E. In the equivalent schematic
shown Figure 33, the circuit of Figure 3A has a first inductance Li called 5 active inductance formed by
turn 54 between terminal 2 and point Pl. Between point P1 and tap A, there is a second inductance LII
also said to be active, formed by turn 53. Between the intermgpiate tap A and terminal E 10 there is a
third inductance L3, called passive inductance, formed-by-the-two-turns 52 and Si. The sum of the first
inductance Li and second inductance LIl and third inductarceiL:3-s equal to the total inductance L of the
antenna 3. 15The th1'5( eingcl)JLg:t ince |6§ Hg-,l% aﬁﬁ}lel ¥v(i)t51uthee cgpaci}ﬁ%:e Cl between the intermediate tap A
and terminal E. he sepcpnd sﬂ"lauciance Ll fies paraﬁe?wnﬁlfﬁe coupling capacitance E12.
20Capacitance 02 isPEeHisleted ffstly B oiPIHgd sondifto BRSARAE.  Evidently, capacitance
C could be of the typedsiendariurd hejn.geimstdac dfeasing<ClLdnid C12, only having tepacitance C
between P1 anGE innddtiiae 934 f@8tdardenna AR eEMiogiEnaatskown Figures 3A angkd3 makes it
possible to increase 6?35&(3%\%@” tenna 3 on account of the arrangement and combination of the
"active" and "passive” in uchances an%_ apacitances. 30 The embodimept shown Figures 4A and 43 is a
variant of the embodiment SRBwnRER) gg’%& and 18NFE0fRs rj]l\eané’l ) the antenna 3 is formed from
the second end term@ifeHeENEY PfeafiRAGBeNARIIENDBG arardeservei Relfecond turn S2 and-a third turn S3 35
which are consecutive. Tulms BiclleeseSthextemdfivtedtie @2 <eedntagtbtierminal E to a reversal point

PR in a first dirggtionigigwindingiwhiehrGiddesd et aresmagds igha clockwise direction. Jurn 53

extends from revers%goint PR to{ e first end terminal D in gsecon 5 direction of winding opposite the
p . N cHrrent In.{he antenng l.as | go§ed,. B Umbgr :
irst winding direction, and hence in anti-clockwise direciion’ in Figure 4A. For example, inner turn 53

extends in opposite QirBERSPLEIRBAFEANRITAUS:TRS WFFRA88dand 53. The first point P1 forming a first

intermediate To increase the mutual inductance (M) between the
2 antennas, if R1 and R2 are considered to be impos ed,
15 then N1 and/or N2 must be increased.
To reduce the quality coefficient (Q) of the
antenna, the inductance (L) of the antenna must be
reduced and/or the resistance (Ra) of the antenna
increased.
20 To increase coupling (k) between the 2 antennas,
the mutual inductance (M) must be increased and/or the
inductance L1 and L2 of the 2antennas must be
decreased without decreasing mutual inductance (M).
The problems and parameters related therewith are
25 the following.
It is difficult to increase the global radio

efficiency of the antenna without causing detriment to
the emitted or captured magnetic field, to coupling , to
mutual inductance, and to the bandwidth. For exampl e,

30 by increasing the number of turns, a favourable
increase is obtained in inductance, in the magnetic
field and in mutual inductance, but the bandwidth i S
reduced through an increase in the quality coeffici ent.
To summarize the possible choices:



10 tap A of the antenna connected to the access terminal 1 is located at the reversal point PR.

According to the invention, there is at least one turn S pgtween the first point P1, A and the second point
P2. 15It is considered that the positive direction of current in the antenna 3 is the direction extending from
reversal point PR to terminal E, coinciding in this example with the largest number of turns extending in
the same direction, as indicated by the arrows drawn 20 on the antenna 3. The arrows drawn on turns Si
and S2 correspond to this p8Siti @@y@ﬁgc‘?fo??‘BFLtWéj Copatic field drasls®ent schematic Figure 43, the
circuit in Figure 4A has agwsbenoipositd/iiHtustiasea+ldecdiiabigpassive inductance anbdebormed by turns
S2 and 2551. Onppigaym@dithe iigyrersrlgpoint PR, there is a first negative inductance -L1, called

active inductance, lying beﬁvH%eébetﬁdargmgl@ﬁe |Ea9rﬁn\'?e]r£nﬂﬁﬁff6ﬁn&1 D and formed by the third turn
S3 between 30 omt Pla he surg of the first duc(?ﬁnce Li | absolute value and of the

second inductarce 199s Y5138 Ftal1RdaRAREESof dRRY 3t The negative inductance
-L1 makes it possibl&fBietRieE Ridthe ﬁ‘i@%ﬁlﬂﬁalthﬂjmwg@?@‘fﬂéﬂ by the antenna 3 The
embodiment shown Begwees Stherrtldbesras iariantastte @ydiadidealiyshown Figures |1A and 13. In
Figures 5A and 53, thgrantennmBiriRiare bydkree suneasslivs s Si, 52, 53 from gyter end terminal
E to inner end term| he firs ft e antenna. 10A first access terminal 1 is
connected by conne oRn r{%&ﬁ:nn (Bal\r?fi F{R'% r1]'%rst | er(?nedlate tap A of antenna 3 between its end
terminals D, EXPhe conneMHW%%@fﬁ@l‘ﬁ R Besipiie18e oHTRE eXample. 15The second access
terminal is connectetlbyscoinmenoameéanioR Yo areasivgdietewmnediate tap P2 forivihg a second

point P2 of antenna gf funescontirctiatenmeanscoMilisndcanacidanae 020 for exampleeen A tuning

capacitance C at a W@%'Q%EHH?%%%H%%RXH cBlSseranse fseguency of 13.56 Nz for example
is provided in comblnatlo with the induct %ﬁﬁ;{z {g%t e antenna 3. The second end terminal E of the
h

antenna 3 is connecﬁ%’%wg &R l?&?g {o '8%%%8[%8855% mlnal CIE of capacit fice C. The
first terminal Cb® of GHpaRRanFeUs! ROESRBERASBY-a conductor CON31 to terminal D, P1 of the antenna

3. The bandwidth is a function of the inductance of
the antenna and the inverse function of the resista nce
of the antenna. Ideally, therefore, antenna inducta nce
must be reduced and its resistance increased.
20 To conclude on the magnetic field, the number of

turns must be the same or more.

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

25 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 reduc ed
and/or the resistance of the antenna must be increa sed.
30 The solution of the invention provides the

possibility, using the method of the invention, of
parameterizing the distribution of current in the
antenna such as, for example, having a different
current density in at least 2turns forming the
35 antenna, therefore not having a uniform current in the



The two access terminals 1, 2 serve to connect a 30 charge. According to the invention, there is at
least one turn S between the first point P1 and the secgnd point P2 i.e. turn S3 and turn S2 in the
illustrated embodiment. 34 The intermediate tap A is located between turns 53 and 52. The
intermediate tap P2 is located between turns Si and S2. The intermediate tap A is connected to end
terminal D by at least one turn S of the antenna L, 5 i.e. turn S3 in the lllustrated embodiment. The

intermediate tap A iSSERHECEA% MRBSS dKHYINENa &SR ECHF@I¥ dAtetna L by at least one turn S of
the antenna L i.e. twieasti?sdfexadt 8a1s.the Illlustrated embodiment. 10The intermediate tap P2 is

connected to end terminal Bylyoahleasy anetisimS i Ehe iantenaadnhg, firn S2 and turn S3 in the
[llustrated embodimqgt.@@gﬁqgeqme@dﬂ&taao egriﬁiﬁﬂnﬂ?qﬁéi t\‘?amﬁ gﬁcond end terminal E of antenna L

by at least onev\t,%rn S qf the 15 antenna L j.e. turn Siin the IIIuFtrate embodiment. In the equivalent

schematic shown Fidll gﬁﬁﬁea&? ufFB'PE’}aﬁ?e g%"l‘ﬁ%@”&\_ ﬁ%stﬁ?&hc HEBLi, called active inductance,
formed by the secon@tiWRShhaRIREIR plsipRdyA thAtefore BigARRSS the intermediate tap€ and 20 terminal
E there is a second kodurotantedr2intaties gassivesaide cithecintroned by the first turn Sic8etween the

intermediate tap A agfl tesmingl fAatherfilfeathifsendligtaneans Jealtad passive inductance, formed by

the third turn S3. 25The of the fi %n C Li, of the second Inductance L2 and of the third
Inductance L3 is eﬁﬂﬁ%ﬂ%ﬁgjﬁ%éﬁ% gﬁ%’e%%%ﬁ%’éﬁsn%ly& The embodiment shown Figures 5A and

5B makes it po2ible to IncrEH4the i GRHA P ahtEhHEPYISE ¢heWriPbdiment shown Figures 6A and
6B is a variant of theasthbetiaiemsgiverdiFegtire@amnatedtBL IisFigesdly 6A and 6B, a fourth additional
tuning capacitance Qsbissgmaneciedrhevernithie inermeeiatejapmand the second point £2, parallel with

the first 35 Inductangg, 4. The {ngtaé;%qg[.g@ngp P4 lakes PRtdRetR freggency tuning with C, in particular
on the second Inductance L2. The embod(i')ment shown ﬂ%rr%}s;sé A and 63 makes it possible to Increase
[¢)

the efficiency of the _gh‘{%ygflgt?ﬂ‘éeeﬁ% GRHRRSABIL WA and 73 is a varial'8f the
embodiment sAwn INdREPE2E M S ENENMFgures 7A and 713, the antenna 3 is formed by four
consecutive turns Si, 521, $2&e88dronmoutamend tniodahEnts,inrbe endrteiminal D. 10According to the

invention, there is atdgapride tHiBanPedvaRkéhenbrsdipgiptfth apd taerséscond point P2, namely turn
521, turn S22 and tulﬁraéé i@ﬁ?{ﬁ}ﬁ{&ﬁﬂ%%g%%@& m%sérr%%% glmbodiment. The first point P1 is
formed by the end termlneﬂ of the 1bantenna. .
The fundamental difference can therefore be
20 appreciated between the prior art technique with
“conventional” loop antennas in which the antenna
consists of N wound turns. In the conventional loop
antenna, current is considered to be highly uniform
There are therefore few means for parameterizing or to
25 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

30 embodiments then introduce the concept of a particu lar
arrangement of inductances and capacitances, connec tion
terminals, so-called “active” inductances, so-calle d
“passive” inductances, so-called “negative inductan ces”

allowing ideal use of the transmitted or captured



The intermediate tap A is located between turns S3 and S22. The intermediate tap P2 is located between
turns Si and 521. The intermediate tap A is connected 4g the end terminal D by at least one turn S of the
20 antenna L, i.e. turn S3 in the lllustrated embodiment. The intermediate tap A is connected to the
second end terminal E of antenna L by at least one turn S of the antenna L, i.e. three turns Si, S21 and
S22 in the lllustrated embodiment. The intermediate tap P2 is 25 connected to end terminal D by at least
one turn S of the ant®38441G e lifitee fARHRIBD1, BWAUA]LJIREAIGARRE USRI ted embodiment. The

intermediate tap P2 kaodwigbted to the second end terminal E of the antenna L by at least one turn S of
antenna L, i.e. turn Si in 30rihalllustiried @ambadimesthent dn dapRadivadent schematic in Figure 713, the

circuit of Figure 5A hasa éﬁg}d@dgpt%e U Ieﬂl?sctmad&g%@n%?, fapned by the three second turns
S21, S22, and S3 betwee r%omts P1 aEEgd Pi. 5 Between the intermediate tap P2 and terminal E, there
{ﬁ% “Raftbd ]

n

36 is a second iRdud _éaL Ca dv %%ﬁé'%é_&f‘?&?m%f&%ﬁ;tf #R&Sirst turn Si. Between the
intermediate tap A aRartérrARiaInmMaheeoRPRALHIRIGGEYEnCe L3, called passive inductance, formed by
the third turn S3. 5 The sunhefrkerfiist il l=detet yrofdastosecan dehutingtance L2, and of the third

Inductance L3 is equygktorevintg! indssianss, L glantesyiand. as a Thgembodiment illustrated Figures 7A
and 73 makes it posErigllgnéo in rgr%ﬁ? th‘%vﬁﬁiCi‘Fe’}SYeﬂf %nt?@nqhs 10aw'tgn%é%rger number of turns. The
igures 8A ant 8 ft imar

embodiment shown _ 8(_e 3 is a variant of the embodiment shown Figures 5A and 513. In
Figures 8A and813 4 HAR HhASE: formed by six consecutive turns Si, S2, S31, S32, S33, and S34
from 15 the outer end termirfag@res fife RthedAriitdlusiraie@niaslifinentoiit P1 is formed by the end

terminal D.  Accorfeingitgetieainigifioasthesadporideasicenedivg © agveen the first point P1 and the
second point P2, nameltigms S2, S31, S32, S33, and S34 i.e. 20 five second turns in the illustrated

embodiment. The intermediate t % located between turns S2 and S31. The intermediate tap P2 is
located between turns Si and S2<THe | ésmggdi e?gﬁvﬁ%l&gﬁ%&tgl&%%e end terminal D by at least
one turn S of altenn@OUBPf GSicHihE 539uresS1A538, 4Ad 4884 in the illustrated embodiment. The
intermediate tap A is connedigatestba, sesond, &4d sZxniihal bk @ntbéodarierty at least one turn S of

antenna L i.e. the twgrtufes ghi&dH Brcliivsiiated g edisaemhgl e intarmediate 30 tap P2 is connected
to the end terminal El)nl%rﬂ}ol ast one turn S of antenna L, i.e. the five turns S2, 531, S32, S33, and S34 in

the illustrated embodiment. The intermediate tap P2 is connected to the second end terminal E of

antenna L by at least one tufi046% 38 afifentfy 1B5:£Burkl 8i SANSAHMARBH embodiment. 37 In the
equivalent schéfati€lFritieda08{s19s tieceicoitsigurg 8RR, $Avst inductance Li, callethactive
inductance, formed Igateaseeand turns 52, S31, 532, 533, and 534 between points P1 and P2. Between
the -Figure 10 is a view of an antenna in one
embodiment,
- Figures 12 to 46 show embodiments of the circuit
25 according to the invention.
In what follows, the antenna circuit can either be
a circuit emitting electromagnetic radiation via th
antenna, or a circuit which receives electromagneti
radiation via the antenna.
30 In a first application, the RFID antenna circuit
is of transponder type, to function as a portable c ard,
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 call ed
35 “RFID or NFC SIM card”, stickers for Dual cards or Dual



5 intermediate tap P2 and terminal E there is a second inductance L2, called passive inductance, formed
by the first turn Si. Between the intermediate tap A andghe terminal D, there is a third inductance L3,
called passive inductance, formed by the four turns 531, S32, 10S33, and S34. The sum of the first
inductance Li, of the second 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 83 makes it 15 possible to increase the
efficiency of the antd AKATACRiFRER AR ciECKEMIESe!l et apaRitiice C is formed by elifiple of a
capacitor of planar tyntesueh, sxatthean Figure 1A. In transponder applications, the capacitance C, 20 Cl,
02 is of the described planai tygeden@xpRtdn, rerdrapigRiaassitbgicapacitance C may be in the

form of an added cagag’;qreggg}p%%ngoiqg%qlé{f beiRg af RlagakL type. The embodiment shown Figures
9A and 93is a 2&% varjant of tﬂf em odimegﬁlﬁown Fig}ure 5A and 513, In Figures 9A and 913, the

antenna 3 is formed 18R i@ %t&gjn ye_t%et _ ARG R irét%%%%%m D by a first tutn Si, a second
turn S2, and a third @¥ANS3SvIeRNG® Bondecitive. cRsmM SiuktertisRiiethe second 30 end terminal E to

a reversal point PR iphefiest Bibdctjao@pwiading, which in Figure 9A is a clockwise direction. Turns S2
then S3 extend from reversgdpaintPRit therfirst eswhigrrinal 4 inmarepransl 38 Figure 9A. For example

outer turn Siis in revfgrﬁ]eegircﬁ%gﬂé ggtnt]ﬁ]r%rg(iju\f\r%h 'n&egtgéﬂéu%go?r&% S3. The first point g% is formed by
, t 1a

terminal D. Th?%econcspomt

access

15

20

25

30

ormingtheésecond 5 interme
substrate SUB. The turns S have an

arrangement  defining an inductancelL having a
determined value between a first end terminal D of
antenna 3 and a second end terminal E of the antenn

In the embodiment shown Figures 1A and 1B, the
antenna 3 is formed of three consecutive turns S1,

S3 from the outer end terminal E to the inner end
terminal D.

A first access terminall is connected by a
conductor CON1A to an intermediate tap or intermedi
point A of antenna 3 between its end terminals D, E

A tuning capacitance C at a prescribed tuning
frequency i.e. a resonance frequency e.g. of 13.56
up to 20 MHz is provided in combination with the
inductance L of the antenna 3.

The second end terminalE of antenna3 is
connected conductor CON2E to the second
terminal C1E of the capacitance C.

The first terminal C1X of the capacitance C is
connected via conductor CON31 to the intermediate t
forming a first point P1 of the antenna 3.

A second access terminal 2 is connected via a
conductor CON32 to the first end terminal D forming
second point P2 of the antenna 3. Point P2 is diffe
from point A.

insulator

via a

e tap of the antenna connected to the

the
a 3.

S2,

ate

MHz

ap A

rent



terminal 2, is located at reversal point PR. According to the invention, there is at least one turn S
between the first point P1 and the second point P2, i.epturn S2 and turn S3 in the illustrated 10
embodiment. In the equivalent schematic in Figure 913, the circuit of Figure 9A has a first positive
inductance Li, called active inductance, formed by the second turn S2 between points A and P2. 150n
account of the reversal point PR, there appears a second negative inductance -L2, called passive

inductance, lying between TEriSdREELESH IBINIPRS dnd tEFRYMAPEEAMERSrfhed by the first turn Si,

considering that the plagigee direction of the current in the 20 antenna 3 is the direction extending from
point PR, P2 to point A, in is®yainnte eeinsidinpnithdhre iegashsusmeer of turns extending in the same
direction, as indicateg bythe arrows W@Vﬁ%?rbéﬂtteﬂn%f' e aows.drwn on the turns S2 and S3

correspond to this 25 positive direction of the current. Between the intermediate tap A and terminal D,
there is a third p :~:iti9§'még tance +L3, called passive inductance, formed by the third turn S3. The sum

of the first inductance Li, oflfieisisBIediateifitidntésiconmetiselifehmafiland of the third inductance L3
is equal to the total iretudtenh €2y aft thesaiotennar8S of thd hatapgative inductance -L2 mekes it possible to

further reduce the mytyahirgiligtapen generpied hyihefarntapnge 139 The embodingent shown
Figures 11A and 113 I%ﬁe\{: 5;1% eths‘?e ggﬂaogﬁﬁ?@rwiwﬁt?tgfdaﬁ%E%ELSA and 53. Thecgnnection means
ple.

CONI1A isan electric 5 conductor for exam econnection means 00N32isanelectric e/onductor for

example. The dpachhlf@stene §¢the Ohd SR Figuvo At lecond end terminal3%f the antenna 3
is 10 connected by a82ndudtguGON 2Etathiebe dbadinsemiediaBiE tapthe isapacitance C. Thefirst terminal D
isconnected to the |ocated between the turns S3 and S2.

Generally, according to the invention, points D,

E, 1, 2, A, C1E, C1X, P1, P2 form electric nodes of the
15 circuit. The points directly connected together for m
the same node, for example when the connection mean s

are electric conductors. Two separate nodes are
connected by at least one turn.
In the equivalent schematic shown Figure 1B, the

20 circuit in Figure 1A, the circuit in Figure 1A has a
first inductance L1 called an active inductance for med
by the third turn S3 between the access terminals 1 , 2.
Between the intermediate tap A and terminal E, ther eis
a second inductance L2, called passive inductance,

25 formed by the first turn S1 and the second turn S2. The

second inductance L2 lies parallel with  the
capacitance C between the intermediate tap A and
terminal E. The sum of the first inductance L1 and

second inductance L2 is equal to the total inductan celL
30 of the antenna 3. Evidently, the antenna3 has a

resistance in series with its inductance L and inte r-

turn coupling capacitances which are not shown in a Il

the figures.

The capacitance C may be of any type of technology
35 and using any fabrication method. In the example in



terminal C1F of capacitance C by the conductor OON33. Point P1 is formed by terminal D. 15The first
terminal 01X ofcapacitance C is connected by a conduggor OON31 to terminal D. The terminal C1F is
connected to the access terminal 2. According to the invention, there is at least one 20 turn S
between the first point P1 and the second point P2, i.e. turn 53 and turn 52 in the illustrated embodiment.
In the equivalent schematic shown Figure 113, the capacitance 01 lies parallel with the inductance L2 25
between terminal E & ol Pti‘eTﬁ@p@&ﬁ%&‘ér%éSO?flso&ﬂﬁffer% bé&tveen terminals D &d E. The
coupling capacitanceitagiscconnéttetidretiegon thé Heodbsicite P2 treld the terminal D. The

embodiment iIIustrateglrﬁigwfemélefrag]g,Mﬂ;&:@,mallﬂestﬁaowﬁgdﬁamfurther increase thg gfficiency of the

antenna 3, on accougt ofomaoug{in% b%%r}&pe ﬁg\ﬂﬁaltagcqﬁgl . Evidently, one or more of
the above embodiment ?ﬁi omblneﬂ ardln he arraﬁ{cliB nt of the 40 mduc? es,

capacitances, t revel ( M 118?? nce cular, the connecti eans such as

CON1A, CON32 of tﬁ’éﬁé@@%‘lé?%ﬁ&@% 316 ﬁ?éf!ﬁﬁié’b{ﬁawg@éewa capacitance,aid conductor or
other, such as actived@laingntedosesamipleapagitario | ae miitranSidEor onamplifier type. Generally, any

additional charge or ﬁﬁgpéjqupécgrcpwgfst%@d@ggé@ OsshbsegoRedfRd to the access 10erminals 1, 2
such as a chip for e r%”?%l'%ur}%@bg/ '%&R@%‘?goggtrqé?téltgﬁfﬁg cgu transponder application and the

so-called reader applicatio ans of the access terminals 1, 2 to the

antenna in Figdfes 5A, 6A,TPR, ?@W'@ﬂ'ﬁaﬁ@lﬁ@ BeIURRIG A 0?8158 dRYBESLible to add an active or
passive element suchoasibleipisitanse e eftwinply ©f the ageeswterminals 1, 2 in Fidgures 1A, 2A, 3A,
4A. Provision may be madeiier teginounherntof sHonmtordguresone, v, opmnoike ketween the first point P1

and the second p0|n\t,g;%n'{lagtﬂgrgrlﬁ%q)efrﬁlém%%%q_ngpgyﬂegn@gélrst tap A and end D may be one,
two or more. The number qft (ms p dbeztgve n th flrstéaé%eAtan%erﬂ)q E may be one, two, or more.

The number of turns n FigurBs inferme
15 is located between the turnsS1 and S2. The

intermediate tap A, P1 is connected to the end
terminal D by at least one turn S of the antennal,
i.e. two turns S2 and S3. The intermediate tap A, P lis
connected to the second end terminal E of antenna L by
20 atleast one turn S of the antenna L i.e. a turn S1
The capacitance C is formed of a capacitor with
one or more dielectric layers having a first side a nd a
second side distant from the first side. The first
metal surface S1X forms the first capacitance

25 terminal C1X on the first side of the dielectric la yer.
A second metal surface S1E forms the second capacit ance
terminal CLE on the second side of the dielectric
layer. The first metal surface S1X, together with t he
second metal surface S1E, defines a capacitance

30 value C2.

A third metal surface SIF forms a third
terminal CLF of the capacitance C. The third metal
surface S1F is located on the same first side of th e
dielectric layer as the first metal surface S1X but
35 distanced away from this first metal surface S1X. T he



25 between the first point P1 and end D may be one, two, or more. The number of turns between the first
point P1 and end E may be one, two, or more. The numper of turns between the second point P2 and end
D may be one, two, or more. The number of turns provided between the 30 second point P2 and end E
may be one, two, or more. The antenna may be made using wire, etched, printed (printed circuit
board) technology, in copper, aluminium, with silver or aluminium particles and any other electric

conductor and any otME! nGRRAEIINESS EHRER ol butthe&ARaRiStoedfor this purpose. 41 The
turns of the antennataagustonu@Nageq Wiseener teupérahpodde dhirtbtneither in whole dalin part. As

illustrated Figure 10 satf@assare turp§etadid theignteniha canseesmerise inesgries a winding S2' of turns of

smaller surface surrQunded.dyigh agﬁﬁggtggéggcﬁgﬁ@g%aHg@inded either by the remainder S2" of turn S2
or by the other tﬁrns of theﬂﬂter’hna 3, In order tfo inCﬁEse the rejis ance or inductance of 10 turn S2
u e

without enhancing coupling, Ueling§iqan T d@ngf’éﬁpg iaffort' 5t the antenna 3. The
capacitance(s) may Bt aisiktausiasrert Xcdhipsaenther Rericadédtieihg planar technology. The
capacitance(s) can Ehaddethto tharaatensierebauring fabaicatien dbtheedoilbyindings, as an external
elemgnt to the pr(ijnteg,ﬁiéggitglgggrtg ﬁﬂﬁ\l@Egnﬁ?q@gwamtﬁlﬁg?dmg@technology.( ) qut;gapacitancz(s)
may be integrated into a m , e silicon.ma 20T agitance(s) can be integrated in
and fabricated on a printe _cirHJ'QEit %ﬁ?ﬂ%@hg%h?ﬁa& o] 1]1%(\3% gnftgé%%?g rha%#/ e distributed over several

separate physit3l plFeYtdy FisgIeR 1R Rirfishirdriaretdris&@llons e.g. rectilinear 2fbut may also
be of any other shapactive imtiectanes dbtheedrite tiraseegndgumtte foreh of a wire, whickhi then heated to
be incorporated on ahirdanunss@tobstiasératahe acceble terasnaidhe amtenna may be etched onto an

30insulator substrat%etwegnqﬁélqﬂﬁ%%@tgﬁwmgmﬁapgp%p faces of an insylator substrate.
a second inductance L2, called passive inductance,
15 formed by the first turn S1. The sum of the first
inductance L1 and the second inductance L2 is equal to
the total inductance L of the antenna 3.
The second inductance L2 lies parallel with the
capacitance C2 between the intermediate tap A and t he
20 terminal E.
The first inductance L1 lies parallel with the
coupling capacitance C12.
Capacitance C1 is connected firstly to terminal D
and secondly to terminal E.

25 The embodiment shown Figures 2A and 2B makes it
possible to further increase the radio efficiency o f
the antenna 3, on account of the arrangement of the
capacitance C1 and C2 and of the coupling between t he
capacitances C1 and C2.

30 The embodiment shown Figures3A and 3B is a
variant of the embodiment shown Figures 2A and 2B. In
the embodiment shown Figures 3A and 3B, the first
point P1 is separate from the first intermediate ta pA
and is distanced from this first intermediate tap A by

35 at least one turn S. The antenna 3 is formed by fou r



The turns are in the form of parallel strips for example. 42 In the following figures, a charge module M
is shown, such as a chip for example, the module M beigng connected between the first access terminal 1
and the second access terminal 2. 5In the embodiment shown Figure 12, the antenna L is formed by the
turns Si, S2 located between the first end terminal D and the second end terminal E. The first terminal
D is connected to the second access terminal 2 forming the second point P2. 10The tuning capacitance
Cl with a prescribed $QRRFF HRGUEME)SCBnprRes 2 First¥apdGEn @B mFR4 CIX and a second
capacitance terminateZinal E Theniet eagdeiaimsd Beradamlfoiexampnnected to the firdeaccess terminal
1 by means CON3L1.id ¥hesespnshenpacitaneadesmizined Clisiscamnggeted to the secongend terminal E.
The second point PZjs {ormeeify. e segopdpccess terminal 2. The first point P1 of the antenna
and the 20 inter ediate taerIA he antenn are formed by the fir access terminal 1. The second
point P2, 2 of th antenna L ScHﬁhé%E%&“[ ﬁﬁefll'@?rgb I?lpf ‘é& FUfi&Ana L by at least one first turn Si
of the antenna L. 251tiBSapfendadL 8Forrheei W%né%@%@?&%céﬂﬂhrr& 51 between E and A, namely
by two second turns dh fec ecaropéa ¢ aameictaldDbipypainieAstoamreetomn®ore turns S2 extendfng from point A

to terminal D, for exqmpl%tgﬁﬁatwns S2. tﬁQTh;%e iadesst gRg tyn offfhe antenna L between the first
point P1 and the secRpecc;{RQHgt " gﬁmel%t (a%él e JHIn §gcaﬁgfzve%r& P1 and P2. The tuning
e hi tur 03

capacitance Cl is form ore (for exam ive turns S03) comPrlsmg 35 two

first and secon@:loendtoe‘fﬁﬁﬁi" %ﬁihﬁrﬁf‘lﬁpﬂﬂé gy at Ieast one tm S

the antenna L i.e. the two turns S2 and S1.
The access terminal 1 is connected to the first
intermediate tap A by the conductor CON1A.
The access terminal 2 is connected to terminal D
15  which is not connected to terminal C1F.
Between the access terminals 1, 2 there is a
charge Z. The chargeZ may for example be a chip

globally designated as “silicon”. This chip may als 0 be
generally present between the access terminals.

20 The terminal C1X is connected by conductor CON31
to a first point P1 of the antenna 3, separate from its

terminals D, E.
The first point P1 is located between turns S3 and
S4. The first point P1 is connected to end terminal D
25 by at least one turn S of the antenna L, i.e. turn S4.
The first point P1 is connected to the second end
terminal E of antennalL by at least one turnS of
antenna L i.e. the three turns S3, S2 and S1.
Terminal D forms the second point P2.
30 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 C1F is connected by
a conductor CON33 to the access terminal 1.



43 more fourth turns 504 (for example five turns 504) comprising two first and second ends SO41 SO42.
The at least one third turn 503 is separate from turns Sj3 S2 forming the antenna L, and is connected to 5
one E of the end terminals of the antenna L. The at least one fourth turn SO4 is separate from turns Si,
S2 forming the antenna L and is separated electrically from the third turns S03, for example by running
alongside the third turns SO3 so that the turns S03 are 10 arranged facing turns SO4, for example having
parallel sections. End 5031 e A idFCHECANBsE'd MMt ey S eV ES End S032 is free and
insulated from SO4. EBriers0z fs free and insulated from S03. End SO42 forms terminal CIX and is

connected to the intermedipieHd &pidalénPsdhBeh2AS Liewtlistigoidrem) engd SO42 whilst lying close and

being insulated fromc%giﬁgfl%&ng SPA2dies distany frem &nd,5Q3, whilst lying close tg and being
insulated from end S032. Th§ sections of the third tu@

S03 located facing 20 fourth turns SO4, which
are not electricaltly cOTHE G Y6 NS0 HAT rR% %'514, §é?ﬁ%’?ﬁ8 égﬁré{Eﬁance ClL. On ac(; unt of the third

turns S03 and fourthA¥nBABH R thFRBEARSS RAINSIY RoRldaihGe B@Eedwinding of the turnd, the
impedance ZZ betwasendhe iaddst&€a 1, 13@dEd 2aidaovirgacticonivectethe capacitance €bio the remainder
of the circuit, also briggs & inductance. The impedance ZZ between the connecting ends 5031, 5042 can

be seen for example as cogmﬁ\r,bséiglg %ﬁ%so.ﬂ%%]%%ﬁ’ﬁ[%ita{;%ep( ir}j\%&ct@&ﬁi r%rlcljf'it in parallel and/or 30 series
9, rallel bra

in accordance with Figure comprising two pa ches with capacitance Cl in one of the

branches and &CapdtfthcdSin Seridlifith BAUFaNERREe ifB1EDthERENRch. As a result, the impedance
ZZ seen between thindopiaecendosmdd 8C 81 B50d 2ucosrprises thé. SBeapacitance Cl. 48um The

capacitance value Chpftheprdanaauéiadependamn teedathtinnstignbetween the turns 503 and 504, and

in particular on their gagiprgGal arnagspeat for @(argai%iyiqg agjacent. ain Figure 12, there is at least
one turn Si between the interm diziﬁ%tﬁé)gA conpected to the access terminal 1 of the module and the

impedance ZZ formed %cg & PG toirn 503 and the at least one fourth turn 504. 10The
impedance Zz¥8rmed by tAB&it Tkt HHEHAREUD 363 Arriadeithaity Bt one fourth turn SO4 is
self-resonating, due tapheitautdlzl a oapastandecanict@miedisttantpiA sares and/or parallel are
contained in the impggaies £Z. 15Theequivalentschematicofthecircuit illustrated Figure 12 is given in

Figure 34. The at least oneﬁmr% %Hﬁg’% gagé%p?ftllfq]%tsgﬁp%e%ﬂlg[tmﬁgrqh%04 make it possible to

equalize the tuning frequency of module or exa ying 20 parallel with an inductance
(turn(s) S2) with the EOHRI%ERBRHIBNGE i <ircuit formed by the at least one third turn 503 and the at
least one fourtBQurn SO4, forraciiaipte folhisecoimertastriethtuigingdifédtiency 13.56 MHz. 25In this way,
it is possible to obtaiargxéeoshuycouplinghbeiyveen the self-resonating circuit ZZ, S03, 504 and the circuit

formed by module M lying E@f@élﬁﬂlwit%éﬁﬁc‘i%{ﬂéé)Cszc&)’ide%‘:i%g the n‘t%gsll inductance between these

two circuits. The md%%%geﬁ%gpg?&yi.e. instead of having C1 and C12,

only having capacitance C between P1 and E in
25  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
“active” and “passive” inductances and capacitances
30 The embodiment shown Figures4A and 4B is a
variant of the embodiment shown Figures 1A and 1B. In
Figures 4A and 4B, the antenna 3 is formed from the
second end terminal E to the first terminal D by a
first turn S1, a second turn S2 and a third turn S3
35  which are consecutive. Turns S1 then S2 extend from the



30 the turn(s) Si located between module M and turns S03, SO4 forming the self-resonating circuit ZZ
makes it possible to act on this mutual inductance between the self-resonating circuit ZZ, S03, SO4 and
the circuit formed by module M lying parallel with turn(s) S2. 45 Therefore, through an astute
arrangement of the values of currents and intrinsic inductances of the turns, it becomes possible to
parameterize the mutual inductance values between the two above-mentioned 5 antenna circuits (M, 52)
and (ZZ, Si) and to otReMAFEFESIEPRVR IR EIERLPEIGLES - hd@dpendent of each ofi§ér or two tuning
frequencies very closiéaotioactf vihdimfominicinplBiguth dffensrespond tuning frequenciestof < 10 MHz, <2
MHz or <500 KHz, og l§logitigigeeneycisingurmesged)xieane samerbesigancy range, making it possible to
obtain a broad band%%pg,ﬁat{ge fothe BFID frapsmissigh shanneluhilst maintaining extensive coupling

efficiency and hence energy transmission, even though the |.tegrat|og.surface of 15 the antenna circuit
may be very small e' feﬁ%:m% or'YBURY . OPPRSLE By ight e the greatest possible
inductance in the turi$eSPaging FhrARELRith tREtreeHise ilisReEdeno Bbtain a frequency tuning that is 20
as close as possibleRatie 4sefufdregeramop|dor exemptartB36 Bhtkmds Ihis sought in particular to have

the smallest possible antanresentalipsar hRiseduepaiatinepcligyit ZZ, SC?, SC4dg allow integration

of the 25 antenna circuit onrﬁesrﬁl%ll %rifrﬁqg <}06”%m sauchr;;s Sirﬁéﬁ%ef I ?é(ample or a sticker. In addition, it
can be seen that one of the advan{asges of the invention Is the p055|b|ﬁty to parameterize the mutual

inductance bethfben@R/ARIEAR A MR GRENFGRIMIPBRATERTELH Mitly, the antennaifcuit comprising
the transponder or régfeattd@hbing, yessalipomfikit.and a second antenna part, so as to parameterize
the final mutual inductancesgttigitiqnspoaderortitendessyRiemicAlgowpmentrary to the 35 prior art

documents indicated,ahaye, dhNESAMES ﬁ*r@tpggﬁ,jplﬁlto Rrofyce,bvadegAyency tunings quasi-independent
of each other, or two fr?}%ggncy tunings very close to each other for example < 10 MHz, <2 MHz or <500

KHz or 2 frequency M merged over one same
15 It is considered that the positive direction of

current in the antenna 3 is the direction extending
from reversal point PR to terminal E, coinciding in

this example with the largest number of turns exten ding

in the same direction, as indicated by the arrows d rawn
20 on the antenna 3. The arrows drawn on turns S1 and S2

correspond to this positive direction of the curren t.

In the equivalent schematic Figure 4B, the circuit
in Figure 4A has a second positive inductance +L2

called passive inductance and formed by turns S2 an d
25 S1.
On account of the reversal point PR, there is a
first negative inductance —L1, called active
inductance, lying between the intermediate tap A, P 1
and terminal D and formed by the third turn S3 betw een

30 points P1 and P2.
The sum of the first inductance L1 in absolute
value and of the second inductance L2 is equal to t he
total inductance L of the antenna 3.



5 frequency range. Depending on the embodiment of the invention, there is at least one electric
connection between a first antenna circuit comprising te chip and at least one second (or more) antenna
circuit(s) comprising at 10 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 quasi-independent frequency tunings
to be produced, or two frequency tunings very close to each other e.g. <15 10 MHz, <2 MHz or <500
KHz, or 2 frequency tuning 1R ei§eatiyGelngHe! 3Rt dligkes faR§eSPlfe Greater the mutual inductance
between the 2 antenivstioficuidychetigernettitiariduntanceigenerated-dalléd "natural” tunings of the 2
antenna circuits. If itagdasies] 20 that these 2 frequency tunings should be close, mutual inductance

must be reduced, for example, by, SiEeRRN:AECLRRSIAY Q%r%fstgﬁ surfgcassof the antenna circuit relative to
the other, whichg’(rjlduces a contili'derai%le 0SS in rge effi Jencﬁ?%of the t %%sponder. 25Means are provided to
09 dibadt

ensure coupling Oﬁlﬁgm B§/ e RPRYTSEh e'gHr elhe ing turns Si and'$2. Means are
provided to ensure colgplieg POoMEL 2B bihmantEanAactienihedve¥ntiieeneighbouring turns Si and S03,
and SO4 of impedamnangetutihe tconpiilg 82, BdalB®unduetahoerisithue for example tbEhe arrangement

of Si close to S2 anddqherasrangemeat of RirslRretR $63. pror example in Figurey,i2 we
successively have fr%m g;[?egﬁgphery towards the centre: S2, Si, S03, SO4. 47 The antenna circuit
n

has at least two natura‘ﬁ Intrinsic mutual inductances coupled together: between Si and 52, between Si

and ZZ. ¥is makesft pdLetolPiEGicre 48BN L adifg SUBERIRE ofe circuit in Figure 12.
Other embodiments efnhediivemieanarc s ériioatl firsthitesabrdisstotamvith reference toAleé figures
mentioned below. Thisttalple digatesdhe peintserlectricathimeenpectasl togeiger in the four 10

corresponding columas, {cfn (Clﬁeg')s @6%1,&’1)1@”%(2’33&6%%‘36'1‘5“%0‘: turns. In Figures 12 et

seg mentioned below, the connection means CON1A of the intermediate tap A with the first access
terminal 1, the conngé:(f?gﬂo eans CONZ2E between the second end 15 terminal E and the second
capacitance telinal CIE, theecoRfeRfidn AfELES CBNTDIetifeePOifieRi8H caPhcitance terminal CIX and
the first point P1 of thermeteiumarhe amsl CON2ctma isexams GOdIBZHetwdap the second dézess terminal 2

and the second poinfdrAiatedBRMERSA\!2 20 glrshie condiectyisnddese not necessgsly being
indicated either in thglggngé@N' ﬁ@%@'ﬁéﬁ@%‘ﬁ% %U@pe@aﬁ‘ 'rlléiicates the number of turns Si between
turns

A and E. Column A-D Indicates the number o etweernt A'and D..Column Pi-P2 indicates the

number N12 25 equal to atted4f08e GARPLIBPEEC arfbnAa R ERAURSSh BYHRE P1 and P2. The last column

on the right inck@atedreftHeneia. prezensenange fiepeemcefZBfotMidz the turns SC? ahd 5C4, in this

case giving the numbega®blernsisof Zgrividkarkeia, ordbeiresionce 3guef amhadditional capacitance C30

called first capacitangg ferped P akaRAcHYE @omponent with a dielectric between its terminals. By

dielectric capacitive compoﬂgent is meagnt any emhodj en% a{ owing, the afrangement of a capacitance. 48
e Fimine 5 15

This capacitive component m%ysoe[():ﬁg al?yn PGl other &irelitZ

connected by a = conductor CON2E to the second
25 terminal C1E of capacitance C.
The first terminal C1X of capacitance C is
connected by a conductor CON31 to terminal D, P1 of the
antenna 3.
The two access terminals 1, 2 serve to connect a
30 charge.
According to the invention, there is at least one
turn S between the first point P1 and the second
point P2 i.e. turn S3 and turn S2 in the illustrate d
embodiment.
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The intermediate tap A is located between turns S3
and S2. The intermediate tap P2 is located between
turns S1 and S2. The intermediate tap A is connecte dto
end terminal D by at least one turn S of the antenn alL,
5 ie. tunS3 in the illustrated embodiment. The
intermediate tap A is connected to the second end
terminal E of the antenna L by at least one turn S of
the antennal ie. two turnsS1 and S2 in the
illustrated embodiment.
10 The intermediate tap P2 is connected to end
terminal D by at least one turn S of the antenna L ie.
turn S2 and turn S3 in the illustrated embodiment. The
intermediate tap P2 is connected to the second end
terminal E of antenna L by at least one turn S of t he
15 antennal i.e. turn S1 in the illustrated embodimen t.
In the equivalent schematic shown Figure 5B, the
circuit of Figure 5A has a first inductance L1, cal led
active inductance, formed by the second turn S2 bet ween
points A and P2. Between the intermediate tap P2 an d
20 terminal E there is a second inductance L2, called
passive inductance, formed by the first turn S1.
Between the intermediate tap A and terminal D, ther eis
a third inductance L3, called passive inductance,
formed by the third turn S3.
25 The sum of the first inductance L1, of the second
inductance L2 and of the third inductance L3 is equ al
to the total inductance of antenna 3.
The embodiment shown Figures 5A and 5B makes it
possible to increase the efficiency of antenna 3.

30 The embodiment shown Figures6A and 6B is a
variant of the embodiment given Figures 5A and 5B. In
Figures6A and 6B, a fourth additional tuning
capacitance C4 is connected between the intermediat e
tap A and the second point P2, parallel with the fi rst

35 inductance L1. The fourth capacitance C4 takes part in
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frequency tuning with C, in particular on the secon
inductance L2. The embodiment shown Figures 6A and
makes it possible to increase the efficiency of the
antenna 3.

The embodiment shown Figures 7A and 7B is
variant of the embodiment shown Figures 5A and 5B.
Figures 7A and 7B, the antenna 3 is formed by four
consecutive turns S1, S21, S22, S3 from outer end
terminal E to inner 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 turn S21, turn S22 and turn S3 i.e
three second turns in the illustrated embodiment. T
first point P1 is formed by the end terminal D of t
antenna.

The intermediate tap A is located between turns S3
and S22. The intermediate tap P2 is located between
turns S1 and S21. The intermediate tap A is connect
to the end terminal D by at least one turn S of the
antenna L, i.e. turn S3 in the illustrated embodime
The intermediate tap A is connected to the second e
terminal E of antenna L by at least one turn S of t
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
the antenna L, i.e. three turns S21, S22, and S3 in
illustrated embodiment. The intermediate tap P2 is
connected to the second end terminal E of the anten
by at least one turn S of antennal, i.e. turn S1 i
the illustrated embodiment.

In the equivalent schematic in Figure 7B, the
circuit of Figure 5A has a first inductance L1, cal
active inductance, formed by the three second
turns S21, S22, and S3 between points P1 and P2.
Between the intermediate tap P2 and terminal E, the
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is a second inductance L2, called passive inductanc
formed by the first turn S1. Between the intermedia
tap A and terminal D, there is a third inductance L
called passive inductance, formed by the third turn

The sum of the first inductance L1, of the second
inductance L2, and of the third inductance L3 is eq
to the total inductance L of antenna 3.

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 8A and 8B
variant of the embodiment shown Figures 5A and 5B.
Figures 8A and 8B, the antenna 3 is formed by six
consecutive turns S1, S2, S31, S32, S33, and S34 fr
the outer end terminal E to the inner end terminal
The first point P1 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 S2, S31, S32, S33, and S34 i
five second turns in the illustrated embodiment.

The intermediate tap A is located between turns S2
and S31. The intermediate tap P2 is located between
turns S1 and S2. The intermediate tap A is connecte
the end terminal D by at least one turn S of antenn
i.e. four turns S31, S32, S33, and S34 in the
illustrated embodiment. The intermediate tap A is
connected to the second end terminal E of antenna L
at least one turn S of antenna L i.e. the two turns
S2 in the illustrated embodiment. The intermediate
tap P2 is connected to the end terminal D by at lea
one turn S of antennal, i.e. the five turns S2, S3
S32, S33, and S34 in the illustrated embodiment. Th
intermediate tap P2 is connected to the second end
terminal E of antennal by at least one turnS of
antenna L, i.e. turn S1 in the illustrated embodime
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In the equivalent schematic Figure 8B, the circuit
of Figure 8A has a first inductance L1, called acti
inductance, formed by the second turns S2, S31, S32
S33, and S34 between points P1 and P2. Between the
intermediate tap P2 and terminal E there is a secon
inductance L2, called passive inductance, formed by
first turn S1. Between the intermediate tap A and t
terminal D, there is a third inductance L3, called
passive inductance, formed by the four turns S31, S
S33, and S34.

The sum of the first inductance L1, of the second
inductance L2, and of the third inductance L3 is eq
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
with even more turns.

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

In transponder applications, the capacitance C,
C1, C2 is of the described planar type for example.
reader applications, the capacitance C may be in th
form of an added capacitor component, instead of be
of planar type.

The embodiment shown Figures9A and 9B is a
variant of the embodiment shown Figures 5A and 5B.
Figures 9A and 9B, the antenna 3 is formed from the
second end terminal E to the first end terminal D b
first turn S1, a second turn S2, and a third turn S
which are consecutive. Turn S1 extends from the sec
end terminalE to a reversal pointPR in a first
direction of winding, which in Figure 9A is a clock
direction. Turns S2 then S3 extend from reversal
point PR to the first end terminalD in a second
direction of winding opposite the first winding
direction, and hence in anti-clockwise direction in
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Figure 9A. For example outer turn S1 is in reverse
direction compared with inner turns S2 and S3.
The first point P1 is formed by terminal D.

The second pointP2, forming the second

intermediate tap of the antenna connected to the ac
terminal 2, is located at reversal point PR.

According to the invention, there is at least one
turn S between the first point P1 and the second
point P2, i.e. turn S2 and turn S3 in the illustrat
embodiment.

In the equivalent schematic in Figure 9B, the
circut of Figure9A has a first  positive
inductance L1, called active inductance, formed by
second turn S2 between points A and P2.

On account of the reversal point PR, there appears
a second negative inductance -L2, called passive
inductance, lying between intermediate tap P2, PR,
terminal E and formed by the first turn S1, conside
that the positive direction of the current in the
antenna 3 is the direction extending from point PR,
to point A, in this example coinciding with the lar
number of turns extending in the same direction, as
indicated by the arrows drawn on antenna 3. The arr
drawn on the turns S2 and S3 correspond to this
positive direction of the current.

Between the intermediate tap A and terminal D,
there is 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 in absolute value and of the third
inductance L3 is equal to the total inductance L of
antenna 3.

The negative inductance —L2 makes it possible to
further reduce the mutual inductance generated by t
antenna 3.
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The embodiment shown Figures 11A and 11B is a
variant of the embodiment illustrated Figures 5A an
5B.

The connection means CON1A is an electric
conductor for example.

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 is
connected by a conductor CON2E to the second
terminal C1E of the capacitance C.

The first terminalD is connected to the
terminal C1F of capacitance C by the conductor CON3

Point P1 is formed by terminal D.

The first terminal C1X of capacitance C s
connected by a conductor CON31 to terminal D.

The terminal CIF is connected to the access
terminal 2.

According to the invention, there is at least one
turn S between the first point P1 and the second
point P2, i.e. turn S3 and turn S2 in the illustrat
embodiment.

In the equivalent schematic shown Figure 11B, the
capacitance C1 lies parallel with the inductance L2
between terminal E and point P2. The capacitance C2
connected between terminalsD and E. The coupling
capacitance C12 is connected between the second
point P2 and the terminal D.

The embodiment illustrated Figures 11A and 11B
makes it possible to further increase the efficienc
the antenna 3, on account of the coupling between t
capacitances C1 and C2.

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

In particular, the connection means such as CON1A,
CONS32 of the access terminals 1, 2 to the antenna m
be via capacitance, via conductor or other, such as
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, 7A
8A, 9A can also be conductors. It is also possible
add an active or passive element such as a capacita
for example to the access terminals 1, 2 in Figures
2A, 3A, 4A.

Provision may be made for the number of turns to
be one, two, or more between the first point P1 and
second point P2. The number of turns provided betwe
the first tap A and end D may be one, two or more.
number of turns provided between the first tap A an
end E may be one, two, or more. The number of turns
between the first point P1 and end D may be one, tw
or more. The number of turns between the first poin
and end E may be one, two, or more. The number of t
between the second point P2 and end D may be one, t
or more. The number of turns provided between the
second point P2 and end E may be one, two, or more.

The antenna may be made using wire, etched,
printed (printed circuit board) technology, in copp
aluminium, with silver or aluminium particles and a
other electric conductor and any other non-electric
conductor but chemically provided for this purpose.
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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
turns of smaller surface surrounded, with respect t
the surface surrounded either by the remainder S2”
turn S2 or by the other turns of the antenna 3, in
order to increase the resistance or inductance of
turn S2 without enhancing coupling, mutual inductan
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 exte
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 integrated in and
fabricated on a printed circuit board.

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

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
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.
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In the following figures, a charge module M is

shown, such as a chip for example, the module M bei ng
connected between the first access terminal 1 and t he
second access terminal 2.

5 In the embodiment shown Figure 12, the antenna L
is formed by the turns S1, S2 located between the f irst

end terminal D and the second end terminal E.
The first terminal D is connected to the second
access terminal 2 forming the second point P2.

10 The tuning capacitance C1 with a prescribed tuning
frequency comprises a first capacitance terminal C1 X
and a second capacitance terminal C1E.

The first capacitance terminal C1X is connected to
the first access terminal 1 by means CON31.

15 The second capacitance terminal C1E is connected
to the second end terminal E.

The second point P2 is formed by the second access
terminal 2.
The first pointP1 of the antenna and the

20 intermediate tap A of the antenna are formed by the
first access terminal 1.

The second pointP2, 2 of the antennal is

connected to the first point P1, 1, A of antenna L by
at least one first turn S1 of the antenna L.

25 The antenna L is formed by one or more second
turns S1 between E and A, namely by two second turn s S1

for example connected by pointA to one or more

turns S2 extending from point A to terminal D, for

example three turns S2.
30 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 P1 and P2.

The tuning capacitance C1 is formed by one or more

third turns SC3 (for example five turns SC3) compri sing

35 two first and second ends SC31, SC32, and by one or
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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
turns S1, S2 forming the antenna L, and is connecte
one E of the end terminals of the antenna L. The at
least one fourth turn SC4 is separate from turns S1
forming the antennal and is separated electrically
from the third turns SC3, for example by running
alongside the third turns SC3 so that the turns SC3
arranged facing turns SC4, for example having paral
sections. End SC31 forms terminal C1E and is connec
to terminal E. End SC32 is free and insulated from
End SC41 is free and insulated from SC3. End SC42 f
terminal C1X and is connected to the intermediate
tap A, 1, P1. End SC31 lies distant from end SC42
whilst lying close and being insulated from end SC4
End SC42 lies distant from end SC31, whilst lying ¢
to and being insulated from end SC32.

The sections of the third turns SC3 located facing
fourth turns SC4, which are not electrically connec
to the fourth turns SC4, define the capacitance C1.
account of the third turns SC3 and fourth turns SC4
themselves causing inductance due to winding of the
turns, the impedance ZZ between the ends SC31, SC42
serving to connect the capacitance C1 to the remain
of the circuit, also brings an inductance. The
impedance ZZ between the connecting ends SC31, SC42
be seen for example as comprising a resonant
capacitance - inductance circuit in parallel and/or
series in accordance with Figure 33, comprising two
parallel branches with capacitance C1 in one of the
branches and a capacitance in series with an induct
in the other branch. As a result, the impedance ZZ
between the connecting ends SC31, SC42 comprises th
capacitance C1.
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The capacitance value C1 of impedance ZZ depends
on the relationship between the turns SC3 and SC4,
in particular on their reciprocal arrangement, for
example lying adjacent.

In Figure 12, there is at least one turnS1
between the intermediate tap A connected to the acc
terminal 1 of the module and the impedance ZZ forme
the at least one third turn SC3 and the at least on
fourth turn SC4.

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

The equivalent schematic of the circuit
illustrated Figure 12 is given in Figure 34. The at
least one third turn SC3 and the at least one fourt
turn SC4 make it possible to equalize the tuning
frequency of module M (a chip for example) lying
parallel with an inductance (turn(s)S2) with the
tuning frequency of the circuit formed by the at le
one third turn SC3 and the at least one fourth
turn SC4, for example to have the prescribed tuning
frequency 13.56 MHz.

In this way, it is possible to obtain extensive
coupling between the self-resonating circuit ZZ, SC
SC4 and the circuit formed by module M lying parall
with the turn(s) S2, by reducing the mutual inducta
between these two circuits. The inductance formed b
the turn(s) S1 located between module M and turns S
SC4 forming the self-resonating circuit ZZ makes it
possible to act on this mutual inductance between t
self-resonating circuit ZZ, SC3, SC4 and the circui
formed by module M lying parallel with turn(s) S2.
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Therefore, through an astute arrangement of the
values of currents and intrinsic inductances of the

turns, it becomes possible to parameterize the mutu al
inductance values between the two above-mentioned

antenna circuits (M, S2) and (ZZ, S1) and to obtain two
frequency tunings that are quasi-independent of eac h

other or two tuning frequencies very close to each

other, for example with differences in tuning

frequencies of < 10 MHz, <2 MHz or <500 KHz, or

2 frequency tunings merged in one same frequency ra nge,
making it possible to obtain a broad bandwidth rela tive
to the RFID transmission channel, whilst maintainin g
extensive coupling efficiency and hence energy
transmission, even though the integration surface o f
the antenna circuit may be very small e.g. <16 cm or
<8 cm?2.

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 tha tis
as close as possible to the useful frequency, for
example 13.56 MHz.

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

In addition, it can be seen that one of the
advantages of the invention is the possibility to
parameterize the mutual inductance between the ante nna
circuits, for example between, firstly, the antenna
circuit comprising the transponder or reader chip a nd,
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

2 such as a
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possible to produce two frequency tunings quasi-
independent of each other, or two frequency tunings
very close to each other for example < 10 MHz, <2 M
or <500 KHz or 2 frequency tunings merged over one
frequency range.

Depending on the embodiment of the invention,
there is at least one electric connection between a
first antenna circuit comprising the chip and at le
one second (or more) antenna circuit(s) comprising
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
quasi-independent frequency tunings to be produced,
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 t
mutual inductance between the 2 antenna circuits, t
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, mut
inductance must be reduced, for example by strongly
decreasing one of the surfaces of the antenna circu
relative to the other, which induces a considerable
loss in the efficiency of the transponder.

Means are provided to ensure coupling COUPL12 by
mutual inductance between the neighbouring turns S1
S2. Means are provided to ensure coupling COUPLZZ b
mutual inductance between the neighbouring turns S1
SC3, and SC4 of impedance ZZ. This coupling by mutu
inductance is due for example to the arrangement of
close to S2 and to the arrangement of S1 close to S
SC4. For example in Figure 12 we successively have
the periphery towards the centre: S2, S1, SC3, SC4.
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The antenna circuit has at least two natural
intrinsic mutual inductances coupled together: betw een
S1 and S2, between S1 and ZZ.
This makes it possible to increase the reading
5 distance of the circuit in Figure 12.
Other embodiments of the invention are described
in the table below with reference to the figures
mentioned below. This table indicates the points
electrically ~ connected  together in the  four
10 corresponding columns (1, A), (C1E, E), (C1X, P1), and
(2, P2) and the number of turns. In Figures 12 et seq
mentioned below, the connection means CON1A of the
intermediate tap A with the first access terminal 1 ,
the connection means CON2E between the second end

15 terminal E and the second capacitance terminal C1E, the
connection means CON31 between the first capacitanc e
terminal C1X and the first point P1 of the antenna L,
and connection means CON32 between the second acces S
terminal 2 and the second point P2 are implemented via

20 electric conductors, these not necessarily being
indicated either in the figures or in the table bel ow.
Column A-E indicates the number of turns S1 between A
and E. Column A-D indicates the number of turns S2
between A and D. Column P1-P2 indicates the number N12

25 equal to at least one turn S of the antenna L betwe en

points P1 and P2. The last column on the right
indicates either the presence of the impedance ZZ
formed by the turns SC3 and SC4, in this case givin g
the number of turns of ZZ in brackets, or the prese nce
30 of an additional capacitance C30 called first
capacitance formed by a capacitive component with a
dielectric between its terminals.
By dielectric capacitive component is meant any
embodiment allowing the arrangement of a capacitanc e.
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This capacitive component may optionally be formed by
another circuit ZZ.

Fig 1,A ClE, E C1X, 2, P2 A-E A-D | P1- | Z
N° P1 P2 and/or
C1
1A P1, C1E, E 1, A D 21 (21 |21 C1
C1X
2A P1, C1E, E 1, A D,|C1F 21 (21 |21 C1
C1X
3A C1F ClE, E Ci1X, D 21 (21 |21 C1
P1
4A P1, ClE, E L, A D 21 |21 |21 C1
C1X, PR
PR
5A 1A CLlE, E D 2,R2 21 |21 |21 C1
6A 1A C1E, E D 2, P2 21 |21 |21 C1
7A 1A C1lE, E D 2,R2 21 |21 |21 C1
8A 1A C1E, E D 2, P2 21 |21 |21 C1
9A 1A G1E, E D 2, P2, 21 (21 |21 C1
PR
11A |P1 C1E, E 1A 2, P2, 21 |21 |21 C1
C1F
12 P1, SC31 1, A D 2 3 3 Z(5)
C1X, SC42
SC42
13 1, A CLE, E P1 #A D 5 3 4 C1l
14 1, A CILE, E P1 #A D 6 3 5 Cl
15 1, A SC42 D 2, P2 1 4 B 7(4)
16 1,A SC42 D, 2, P2 1 4 3 Z and
Ci1XZ C30
17 |1,A  SC42 D 2, P2 1 |2 q 7(4)
18 1,A SC42 D, 2, P2 1 2 1 Z(4
C1XZ and C30
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Fig 1,A ClE, E C1X, 2, P2 A-E A-D |P1- | Z
N° P1 P2 and/or
C1l
19 1,A Sg42 D, E 3 2 5 Z(4)
SC31
20 C1X, C1E, E |1, A PC1 3 4 3 Z(5)
P1 (with SC42 and C30
SC42 D=SC41)
21  [C1X, 2, P2, SC31, |E (with 3 |4 B Z(4)
SC31, SC42 1A D=SC32)
P1
22 C1X, C1E, E|1, A, PC1, 3 4 B Z(4)
P1, (with SC42 SC31 and C30
SC42 D=SC41)
23 1, A CLE, E D 2, P2 4 L 4 gl
24 1, A CILE, E D PR2Z 4 1 3 Cl
25 C1X, C1E, E 1, A D 4 1 1 C1
P1,
PR1
26 C1X, ClE, E L, A D 3 2 2 C1
P1,
PR1
27 C1X, ClE, E L, A D 2 3 3 C1
P1
28 1, A ClLE, E C1X, D 2 2 1 ci
P1+A
29 1, A CILE, E D 2, P2 5 L 5 gl
30 1, A CLE, E D 2, P2 2 L 2 gl
31 C1X, C1E, E, 1A, D 2.5 4 4 7(17)
P1, SC31 SC42
SC42
32 C1X, C1E, E, 1,A, D 55 3 4 7 (17)
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Fig 1,A ClE, E C1X, 2, P2 A-E A-D |P1- | Z
N° P1 P2 and/or
C1l
P1, SC31 SC42
SC42

In Figures 16 and 18, two capacitances C30 and ZZ
are provided. Capacitance ZZ is formed by turns SC3 ,
SC4 between SC42 and SC31 (4 turns for example) wit h
5 SC31 forming C1XZ.In additon to Z, another
capacitance C30 formed by a capacitive component is
provided between E and C1XC1l. The terminal C1XC1 is

connected to a point PC1 of the antenna L, which li es

distant from P2 by at least one turn, for example o ne
10 turn in this figure. In Figures 16 and 18, ZZ lies

between C1XZ and C1E, and C30 is a capacitive compo nent

between E and C1XC1.
In Figure 22, two capacitances C30 and ZZ are

provided in series between the terminal C1E, E and the
15 terminal C1X, P1 formed by end SC42. The capacitanc e zZZ

is formed by turns SC3, SC4 between SC42 and SC31 ( for

example 4 turns) with SC31 forming PC1. In addition to

Z, another capacitance C30 formed by a capacitive

component is provided between E and PC1. Terminal P C1

20 is connected to point2, P2 of the antennalL.
Terminal C1E, E is formed by the end of the turn or
turns S1, distant from terminal 2.

In Figure 20, two capacitances C30 and ZZ are

provided in series between the terminal C1E, E and the
25 terminal C1X, P1 formed by end SC42. The capacitanc ezZZ

is formed by the turns SC3, SC4 between SC42 and SC 31

(4 turns for example) with SC31 connected in series

with point PC1 by one or more turns S10 (for exampl e

two turns S10). In  additon to Z, another

30 capacitance C30 formed by a capacitive component is
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provided between E and PC1. Terminal PC1 is connect
to point 2, P2 of the antenna L. Terminal C1E, E is
formed by the end of the turn or turns S1 lying dis

from terminal 2.

In Figures 23, 24 two reversal points PR1 and PR2
are provided in the turns S1 between A and E. Point
lies distant from A by at least one turn and from E
at least one turn (for example two turns between A
PR1 and two turns between PR1 and E). Point PR2 lie
distant from A by at least one turn and from E by a
least one turn (for example one turn between A and
and three turns between PR2 and E).

In Figure 23, PR2 lies distant from P2 by at least
one turn.

In Figure 25, two reversal points PR1 and PR2 are
provided in the turns S1 between A and E. Point PR1
located at A. Point PR2 lies distant from A by at |
one turn and from E by at least one turn (for examp
one turn between A and PR2 and three turns between
and E).

In Figure 26, two reversal points PR1 and PR2 are
provided in the turns S1 between A and E. Point PR1
located at A. PR2 lies distant from A by at least o
turn and from E by at least one turn (for example o
turn between A and PR2 and four turns between PR2 a
E).

In Figure 27, two reversal points PR1 and PR2 are
provided in the turns S1 between A and D. Point PR1
lies distant from A by at least one turn and from D
at least one turn (for example one turn between A a
PR1 and two turns between PR1 and D). Point PR2 lie
distant from A by at least one turn and from D by a
least one turn (for example two turns between A and
and one turn between PR2 and D).
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In Figures 29 and 30, a mid-point PM to set a
potential at a reference potential is provided on t
antenna midway between the two end terminals D and
the antenna. In Figure 29, in which the number of t
of the antenna between D and E is an even number, t
mid-point PM lies distant from the other points 1,

2, P2, C1E, E, C1X, P1, D by at least one turn of t
antenna. In Figure 30 in which the number of turns

the antenna between D and E is an uneven number, th
mid-point PM lies distant from the other points 1,

2, P2, C1E, E, C1X, P1, D by at least one half-turn

the antenna and lies, for example, on the other sid
relative to the side having these points 1, A, 2, P

ClE, E, C1X, P1, D.

Evidently, in the foregoing, the number of turns
between the above-mentioned points on the antenna (
A, 2, P2, C1E, E, C1X, P1, D and the reversal point

points) may be any number, for example one or more.

This number of turns may be an integer for example
shown in the figures, or non-integers such as in
Figures 31 and 32.

In Figures 12, 13, 14, 19, 21, 25, 26, a reversal
point PR3 is provided at point 1, A i.e. a reversed
direction of winding of the turns of the antenna at
point 1, A, when going from D towards E. In Figures
16, 17, 18, 22, 23, 24, 27, 28, 29, 30, 31, and 32,
point 1, A is passed in the direction from D toward
maintaining the same winding direction of the anten
turns. However, one or more changes in direction of
winding of the turns is made at a point PR2, PR1 ot
than 1, A in Figures 23, 24, 26, 27.

The first access terminal is distinct from the
second access terminal. The first access terminal i
distant from the second access terminal by one or
several turns.
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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 Z
is connected to the first access terminal 1 and to
second access terminal 2, as for example on figure

The figures 35 to 46 correspond to any one of the
embodiments described above, in which the capacitan
C10, C20 which may be present were not shown.

In another embodiment, a reader LECT as charge Z
is connected to the first access terminal 1 and to
second access terminal 2, as for example on figure

Several charges may be provided.

In another embodiment, several distinct charges
may be connected to the same first access terminal
and to the same second access terminal 2.

For example, a transponder TRANS as first charge
Z1 and a reader LECT as second charge Z2 may be
connected to the same first access terminal 1 and t
the same second access terminal 2, as shown for exa
on figures 37 and 38, wherein the transponder TRANS
the reader LECT are electrically in parallel on fig
38.

In another embodiment, the antenna may comprise
several first access terminals 1 distinct from each
other and / or several second access terminals 2
distinct from each other for the connexion of sever
distinct charges. The first access terminals 1 dist
from each other are distant from each other by at |
one turn of the antenna. The second access terminal
distinct from each other are distant from each othe
at least one turn of the antenna.

For example, on figure 39, a transponder TRANS as
first charge Z1 is connected between the first acce
terminal 1 and the second access terminal 2, wherea
reader LECT as second charge Z2 is connected betwee

the
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another first access terminal 1 and another second
access terminal 2.
For example, on figure 40, a transponder TRANS as

first charge Z1 is connected between the first acce Ss
5 terminal 1 and the second access terminal 2, wherea s a
reader LECT as second charge Z2 is connected betwee n
another second access terminal 12 and the second ac cess

terminal 2 (successive access terminals).
In another embodiment, several RFID applications
10 and / or RFID reader and / or RFID transponder may be
connected between the first and second identical ac cess
terminals 1, 2 or between distinct first and second
access terminals 1, 2, as for example applications
APPL1, APPL3 on figure 41 between the distinct

15 successive first and second access terminals 1, 2, 12,
13.
Of course above, the role of the first access
terminal 1 and of the second access terminal 2 may be
reversed.
20 Above, the charge Z connected to access terminals
1, 2 has for example a prescribed tuning frequency, as

shown on figure 42. This tuning frequency is fixed.
This tuning frequency is for example in a high
frequency band (HF), wherein the high frequency ban d
25 covers the frequencies higher than or equal to 30 k Hz
and lower than 80 MHz. This tuning frequency is for
example 13.56 MHz.
The tuning frequency may also be in an ultra high

frequency band (UHF), wherein the ultra high freque ncy
30 band covers the frequencies higher than or equal to 80

MHz and lower than or equal to 5800 MHz. The tuning

frequency is for example in this case 868 MHz or 91 5

MHz.

In an embodiment, said at least one first access
35 terminal 1 and said at least one second access term inal
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2 are connected to at least a first charge Z1 havin
first prescribed tuning frequency and at least a se
Z2 having a second prescribed tuning frequency
different from the first prescribed tuning frequenc

In an embodiment, a first charge Z1 having the
first prescribed tuning frequency in the high frequ
band and a second charge Z2 having the second
prescribed tuning frequency in the ultra high frequ
band are connected to the access terminals 1, 2.

In the embodiment of figure 43, the first charge
Z1 having the first prescribed tuning frequency in
high frequency band and a second charge Z2 having t
second prescribed tuning frequency in the ultra hig
frequency band are connected to the same first acce
terminal 1 and to the same second access terminal 2

In the embodiment of figure 44, the first charge
Z1 having the first prescribed tuning frequency in
high frequency band is connected between the first
access terminal 1 and the second access terminal 2,
whereas the second charge Z2 having the second
prescribed tuning frequency in the ultra high frequ
band is connected between another first access term
11 and another second access terminal 12.

In the embodiment of figures 45 and 46, the first
charge Z1 having the first prescribed tuning freque
in the high frequency band is connected between the
first access terminal 1 and the second access termi
2, whereas the second charge Z2 having the second
prescribed tuning frequency in the ultra high frequ
band is connected between another second access
terminal 12 and the second access terminal 2
(successive access terminals), the number of turns
between the terminals of figure 45 being different
the number of turns between the terminals of figure
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In Figures 16 and 18, two capacitances 030 and ZZ are provided. Capacitance ZZ is formed by turns 503,
504 between 5042 and 5031 (4 turns for example) withy§ 5031 forming CIXZ.In addition to Z, another
capacitance 030 formed by a capacitive component is provided between E and C1XC1. The terminal
C1XCl1 is connected to a point PC1 of the antenna L, which lies distant from P2 by at least one turn, for
example one 10 turn in this figure. In Figures 16 and 18, ZZ lies between CIXZ and CIE, and 030 is a
capacitive component between E and C1XC1. In Figure 22, two capacitances 030 and ZZ are
provided in series between the terminal CIE, E and the 15 terminal CIX, P1 formed by end 5042. The
capacitance ZZ is formed by turns 503, 504 betwee®@E84Sand 5031 (for example 4 turns) with S031
forming PCL1. In addition to Z, another capacitance 030 formed by a capacitive component is provided

between E and PC1. Term'ir]al E@HQH@HH&'&?E%@T&Q@E ; P2 of the antenna L. Terminal CIE, E is
formed by the end of the turn or tﬁgj Si, dcifﬁnt from Fé%rmiga %ﬁ?e 1:lgn Figure 20, two capacitances 030
and ZZ are provided iﬁnsgﬂé?ﬂgt A THE St AHEY ,ré) R4 OB erminal CIX,P1f fmed by end
5042. The capa€itancel®?3s(@kniba B eRuMRVINGS 2566 heRde B0 and 5031 (4 turns for example)
with 5031 connected in(B¢raed wihqooid R febyipalg By, more turns S10 (for example two turns S10). In
addition to Z, another 30|sanagiiansece3d termriBY (@ capasitisnresapenent is 51 provided between E
and PC1. Terminal PC%’; gnnected to point 2, P2 of the antenna L. Terminal CIE, E is formed by the
end of the turn or turns Si @ln’g distant from terminal 2. 5In_Figures 23, 24 two reversal points PM and
PR2 are provided in tA& AR5 @]%&W@gncﬂpé‘ﬁﬁa@.cﬁ’é%’ﬂﬂ&rcf@?ént from A by at leaS8one turn and
from E by at led8t one &irra(forescivpte twinairisoeenesn madng FRM fet two turns between PM and E).
Point PR2 lies 10 distapafsitafday retieiaat eoexyranand fsevoddbyaphtgasicene turn (for example one turn
between A and PR2 and h1s8 E@r{@)petween PR2 and E). In Figure 23, PR2 lies distant from P2 by at
least one turn. 15In Fi%i‘“et% t ore %;@l points PtM atnthRZ are provided in the turns Si between A
and E. Point PM is 1o¢ated %E% i Hi&%@ﬂ%ﬁaﬁi’ from %\%@eaqqsé‘ast one turn and f o?‘n E by at least
one turn (for example cH¥ @ighimddieing SRd IBEPIRHS three turns between PR2 20and E).

15 -first connection means (CON1A) connecting the

intermediate tap (A) to a first (1) of the two acce Ss
terminals,
- second connection means (CON2E) connecting the se cond
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 (C1X) and the second
(2) of the access terminals respectively to a first
25 point (P1) of the antenna (L) and to a second point
(P2) of the antenna (L), which is connected to the
first point of the antenna (L) by at least one turn
(S) of the antenna (L).

30 2. Circuit according to claim 1, characterized
in that said intermediate tap (A) is connected to t he
first end terminal (D) of the antenna (L) by at lea st
one turn (S) of antenna (L), said intermediate tap (A)

being connected to the second end terminal (E) of
35 antenna (L) by at least one turn (S) of antenna (L)



In Figure 26, two reversal points PM and PR2 are provided in the turns Si between A and E. Point PM is
located at A. PR2 lies distant from A by at least one tugyand from E by at least one turn (for example one
25 turn between A and PR2 and four turns between PR2 and E). In Figure 27, two reversal points PM
and PR2 are provided in the turns Si between A and D. Point PM lies distant from A by at least one turn
and from D by 30 at least one turn (for example one turn between A and PM and two turns between PM
and D). Point PR2 lies distant from A by at least one turn and from D by at least one turn (for example two
turns between A and PR2 and one turn between PR2 and D). 52 In Figures 29 and 30, a mid-point
PM to set a potential at a réfereGteyornedatiisgptoviidgonftivtainsehreidway between the two end
terminals D and E ofzhe:hatetwaazéa Figun@at9,the whish theimunragr ¢f turns 5 of the antenna between D
and E is an even numﬁ{egt&r{gdﬂpé)imttgm&ﬁgtgiﬁﬁn(qjow g}qéggpg)points 1, A 2, P2,n%IE, E, CIX, P1,
D by at least one turn of tl?5 antenna. In Figure 30 in which’the number of turns of the antenna between D
and E is an uneven Hﬂmﬁ ,?h%n&%wprﬂd-point PM lies distant from the other points 1, A, 2, P2, CIE, E,
CIX, P1, D by atleast one half-turn of the antenna and lies, for example, on the other side relative to the
side having these points 14A, 2CRQyiCHecBrdBiX, tB leiDel S \itéémty] iarthe foregoing, the number of turns

between the above-menijpget@i®iats ah theapnteanarl, Poidt PB1§IEs E, CIX, P1, D and the reversal

point or points) may or more. This number of turns may be an integer for
example as 20 ShOV\Illégi??ﬁ‘él(e |gu$§i?eg?gqﬁ?§r%§%§§r such as in Figures 31 and 32. In Figures 12, 13,

14, 19, 21, 25, 26, a reversal point PR3 is provided at point 1, A i.e. a reversed direction of winding of the
turns of the anféhna at 25 pointQirqitneraeghiggtiroambD abwiitis EL [t Flgures 15, 16, 17, 18, 22, 23, 24,
27, 28, 29, 30, 31, anda3actedirudlinAHatphssrst ipoihe (irpatiooriiem D towards E maingasaing the same

winding direction of %e[ﬁé‘?ﬁgf@ﬁ&"ﬂ%?mﬁ%W&?%f% qutgpmrgégy@g)ges in direction of 30jwinding of the

turns is made at a point PR2, PM n?er than 1, Agi igyres 23, 24, 26, 27. The fir cess terminal is
distinct from the sec?)er?(f g%%%é%r?eg i%ﬁ%%nﬁr lfsj‘;l(l::%gei'gs é)r%']'?rtlzal is distant from the zlé)?gnd access

terminal by one or 356 EANNATSISE the SRersH GBRTifsf AR E1e?minal 1 and one siffle second
access termindl® arerfemeraindy ptieededne turlm &) ehalntehmee(it) a transponder TRANS as charge Z is
connected to the first access terminal 1 and to the 5 second access terminal 2, as for example on figure

35. The figures 35 to 4@ corge gctgowxvé)% QTt i%mpﬁﬂ“gelngngescribed above, in which the
ts

capacitances 010, 020 which may be present were not shown. _
2, characterized 'in that the first point (P1l) is

located at the first end terminal (D).

20
7.  Circuit according to any of claims1 to 5,
characterized in that the second point (P2) is loca ted
at the first end terminal (D) of the antenna.
25 8.  Circuit according to any of claims1 to 5,

characterized in that the second point (P2) is loca ted
at the second end terminal (E) of the antenna.

9. Circuit according to any of claims1 to 6,
30 characterized in that the second point (P2) is
connected to the intermediate tap (A) by at least o ne
turn of the antenna.



In another embodiment, a reader LECT as charge Z 10 is connected to the first access terminal 1 and to
the second access terminal 2, as for example on figure;g@6. Several charges may be provided. In
another embodiment, several distinct charges may be connected to the same first access terminal 1 15
and to the same second access terminal 2. For example, a transponder TRANS as first charge Z1
and a reader LECT as second charge Z2 may be connected to the same first access terminal 1 and to the
same second access terminal 2, as shown for example 20 on figures 37 and 38, wherein the transponder
TRANS and the reader LECT are electrically in parallel on figure 38. In another embodiment, the
antenna may comprise sevidtal figtuiiceesondinainalanydishistaifnorh dach, 25 other and / or several second

access terminals 2 disiirgtsapa@ach othat fohthe ssuurexiopofftsegreznl déstinct charges. The first access

terminals 1 distinct f%ﬂrr%%féhqm{@fﬁsﬁiémfmmaﬁf@ SFTEﬁ‘é by @t least one turn of the antenna. The
second access terminals 2 30 distinct fr?m e%téh ?tl'hher %Fg dista tfr("fm each other by at least one turn of
Aioh DR &

the antenna. For ex g 8?1 Iﬁaﬁ}eo%, fia p% (S Qs)fi charge Z1 is connetted between
the first access fermfRECI&RPIRE E2HoREiR8cE3BREFHRMIP2INGhERSAS SBgreader LECT as second
charge Z2 is connectedrisivéEnobdhanattenfastiadoess teasinalel tund another second atcess terminal
2. For example, p)figure 4Riehbsponder TRANS as first charge Z1 is connected between the first
access 5 terminal 1 and the second access terminal 2, whereas a reader LECT as second charge Z2 is
connected between another second access terminal 12 and the second access terminal 2 (successive

access terminals). In another efls6Un RO P K o phRAIRS 6% Nd / or RFID reader and / or
RFID transpondiér mialy beatothreclist bewiien(tHe filst danpiestond identical access terminals 1, 2 or
between distinct firstiaehaatiardiaccassteintraihia 2L psior xasgple applications ABMNGL, APPL3 on

figure 41 between thﬁo_ﬁﬂ%t{ﬁ% @M@&%Y%@%?&%ﬁ%%ﬁ]ﬁp(:@fs terminals 1, 2, 12, 13. Of course

above, the role of th(tahférgtn %cncneasa_Sermmal 1 and of the second access terminal 2 may be reversed.

15 12. Circuit according to claim 1, characterized
in that said first and second points (P1, P2) are
separate from the first intermediate tap (A), the f irst
point (P1) being connected to the first end termina I
(D) of the antenna (L) by at least one turn (S) of the
20 antenna (L), the first point (P1) being connected t o]
the second end terminal (E) of the antenna (L) by a t
least one turn (S) of the antenna (L).

13. Circuit according to claim 1, characterized

25 in that the second point (P2) is located at the fir st
end terminal (D) of the antenna, the first point (P 1)
is connected to the intermediate tap (A) by at leas t

one turn of the antenna.

30 14. Circuit according to claim 1, characterized
in that said intermediate tap (A) forms a first
intermediate tap (A), the first intermediate tap (A )
being connected to the first end terminal (D) of th e

antenna (L) by at least one turn (S) of the antenna
35 (L), the first intermediate tap (A) being connected to



20Above, the charge Z connected to access terminals 1, 2 has for example a prescribed tuning
frequency, as shown on figure 42. This tuning frequengy is fixed. This tuning frequency is for example
in a high frequency band (HF), wherein the high frequency band 25 covers the frequencies higher than or
equal to 30 kHz and lower than 80 MHz. This tuning frequency is for example 13.56 MHz. The tuning
frequency may also be in an ultra high frequency band (UHF), wherein the ultra high frequency 30 band
covers the frequencies higher than or equal to 80 MHz and lower than or equal to 5800 MHz. The tuning
frequency is for example in this case 868 MHz or 915 MHz. 55 2 are connected to at least a first charge
Z1 having a first preseeisagendiegdrdeueiney Hndait eaxstnieseeold 2 Itaving a second pitescribed tuning
frequency different fieastbaditatp(syoriaddnringfieyuency. 5 In an embodiment, a first charge Z1

having the first prescribed IL{H@%QWWHP Ebg)highlérc%ﬂé@n&y bagg.ghg a second charge Z2 having
the second prescrib?r?h%%?%% %{g&tﬁq&yﬁn éti? %Itr%ﬁ%ﬂ? ér?ﬁje@%yﬁ%%ﬁg are connected to the access
terminals 1, 2. 10 In odi of figure 43, irst'chiarge ving the first prescribed tuning
frequency in theShighfRfaiRsHRe BaRdRMdP8 188 st esigr o AbenBkahg the second pres@ied tuning
frequency in the uItradnﬂgihérdq})emfcwbamutmaac@nhbgtaﬂ tmttte_omrnarfirst access 15 terminal 1 and to
]E_he same sgcgnd ac s)fem@ngh@ma _tn)ghmgnmgﬂgemgfrﬁwg@éﬁégge first char\]rg? Z1 having the
irst prescribed tunin cyint g etween the figst access
eﬁéoﬁgé%% ¥ HnQ&éH%BZE,%%Ok'Sﬁo% H&r%‘?ﬁ‘é@%‘f G¢

terminal 1 and the s ctess termina whereas the second charge Z2 having the second
prescribed tuning fre GG INAHE) Y @HRASHUREHE PRAHRE @Minected between arfdiRBr first access

terminal 11 and@nothe¢r second access terminal 12. In the embodiment of figures 45 and 46, the first 25
charge Z1 having the first prescribed tuning frequency in the high frequency band is connected between

the first access terminal 1 3gd thg Second Gk st@rgnpalog, Wge[ﬁ@getgﬁﬁgsecond charge Z2 having the
second prescribed tuning fre uencf in the L{HI’? igh fre%t{enc 30 band is connected between another
'ﬁ% g th es

second access terml%l%'l nd gve Sé 8r'1rc11 QELeLs FBRAMANSE compr IS
a first metal surface forming the first capacitance
15 terminal (C1X), a second metal surface forming the
second capacitance terminal (ClE), at least one
dielectric layer lying between the first metal surf ace

and the second metal surface.

20 16. Circuit according to any of claims 1 to 14,
characterized in that the capacitance comprises at
least one dielectric layer having a first side and a
second side distant from the first side,
-a first metal surface forming the first
25 capacitance terminal (C1X) on the first side of the
dielectric layer,
-a second metal surface forming the second

capacitance terminal (C1E) on the second side of th e
dielectric layer,

30 -a third metal surface forming a third
capacitance terminal (C1F) lying away from the firs t

metal surface on the first side of the dielectric
layer,



(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 46056 CLAIMS 1.RFID antenna circuit comprising:
an antenna (L) formed by a number of at least three 5turns (S), the antenna having a first end terminal (D)
and a second end terminal (E), at least two access terminals (1, 2) to connect a charge, at least one
tuning capacitance (Cl, ZZ) for tuning 10at a prescribed tuning frequency, having a first capacitance
terminal (C1X) and a second capacitance terminal (CIE), an intermediate tap (A) connected to the
antenna (L) and distinct from the end terminals, 15 - firstconnection means(CON21A)connecting the
intermediate tap (A) to a firsth@ fiestthenaaitaree serreiraln&id X) detioind eonnection means (CON2E)
connecting the secorfgencetgraginaldE) todhe se¢onyl capacitanae tegadaati20(CIE), characterized in that
it comprises: third cggﬁgagmmgﬁ:@}@}, CON32) connecting the first capacitance terminal (C1X)

and the second (2) of the access tefminals respectively to a first oint (P1) of the antenna (L) and to a
second point (P2) of the aﬁt&%i‘"(rlfg,c\%%mg %ﬁ%rg&l{ﬁaé {§ ?1’1!% f’?}f{rﬁﬁn? of the antenna (L) by at least
one turn (S) of the afBSARE (LFapasianenit aBRdingtd clavim, dRractBF2Rd in that said intermediate

tap (A) is connected caphatéirstectednerahi(GlED) of the antenna (L) by at least one turn (S) of antenna (L),
said intermediate tap (A) betRg gpiinegigsitmiresaarRd enodieHdiRgidR) of 35antenna (L) by at least one

turn (S) of antenna q’l’?ird coupling capacitance value (C12) with the thi rd
capacitance terminal (C1F),
10 - connection means connecting the third

capacitance terminal (C1F) to one of the access
terminals (1, 2).

17. Circuit according to any of the preceding

15 claims, characterized in that the antenna (L) compr ises
at least one first turn (S1), at least one second t urn
and at least one third turn, which are consecutive, the
first turn (S1) extending from the second end termi nal
(E) in a first winding direction to a reversal poin t

20 (PR) connected to the second turn, the second and t hird
turns (S2, S3) extending from said reversal point ( PR)

to the first end terminal (D) in a second winding
direction which is the reverse of the first winding
direction,
25 - the first point (P1) of the antenna (L) and the
second point (P2) of the antenna (L) being located on
the second and third turns (S2, S3).

18. Circuit according to any of the preceding

30 claims, characterized in that the antenna (L) compr ises
at least one first turn (S1) and at least one secon d
turn (S2, S3) consecutive between two third and fou rth
points (E; D) of the antenna, the first turn (S1) b eing

connected to the second turn (S2, S3) by a reversal
35 point (PR), the first turn (S1) extending from the



57 3. Circuit according to either of claims 1 and 2, characterized in that the first point (P1) is
connected to the intermediate tap (A) by at least one tgm of the antenna. 5 4. Circuit according to
either of claims 1 and 2, characterized in that the first point (P1) is located at the intermediate tap (A).
105.Circuit according to any of claims 1 to 4, characterized in that the first point (P1) is connected to the
first end terminal (D) of the antenna (L) by at least one turn (S) of antenna (L), the first point (P1) being
connected to the second end terminal (E) of the 15antenna (L) by at least one turn (S) of antenna (L).

6. Circuit according to either of claims 1 and 2, characterized in that the first point (P1) is located at the
first end terminal (D)th#d poirt. Ejr¢aithecceveisg! tocinly (BR)Idnes fir to 5, characterized inghat the second
point (P2) is located \aﬁfdjiag‘ir@it@cnd)merm@]@béab.@ftﬂm BeER). @a8rdircuit according to agy of claims 1 to

5, characterized in tnmgﬁqgogrggl%(ﬁlz F‘?{ og:qﬁg ?c'il}hﬁ ﬁqud end terminal (E) obt)he antenna.
9.Circuit according to any of clg ras 1106 Haracti] (ziﬁd in ?hat the second point (P2) iS connected to

the intermediate tap 'PA?b%?%? VEHD ﬂj HEGnENR'S gge "VES. circuit accordlngﬁ% any of claims
1to 6, characteﬁzed%“ﬂ%ﬂrﬁ‘ié"%%%@'fﬁﬁﬂ@(‘PZ)|s connected to the first end terminal (D) of the antenna
(L) by at least one turn (S) of the antenna (L), the 5 second point (P2) being connected to the second end

terminal (E) of the antenna;@.) t@yr@mg%@t@m o(QAafihe antgapRilked  11. Circuit according to
claim 2, charactenzeig }lga{qﬁgaé Fé%ﬂés ;I;ég ?%%gta{”é% fl(%termedlate tap (A) qf the antenna

(L), and the second E)Olnt IS ocated t e |rst end termin the antenna (L).

urn and at least one second turn 2,

10 consecutive between two third and fourth pomts (E; D)
of the antenna, the first turn (S1) being connected to
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

15 winding, the second turn (S2, S3) extending from sa id
reversal point (PR) to the fourth point (D) in a se cond
direction of winding which is the reverse of the fi rst

direction of winding,
-the first point (P1l) is located at the
20 intermediate tap (A) of the antenna (L) and the sec ond
point (P2) is located at the first end terminal (D) of
the antenna (L).

20. Circuit according to claim 1, characterized

25 in that the antenna (L) comprises at least one firs t
turn (S1) and at least one second turn (S2, S3)
consecutive between two third and fourth points (E; D)
of the antenna, the first turn (S1) being connected to
the second turn (S2, S3) by a reversal point (PR), the
30 first turn (S1) extending from the third point (E) to
the reversal point (PR) in a first direction of
winding, the second turn (S2, S3) extending from sa id
reversal point (PR) to the fourth point (D) in a se cond
direction of winding which is the reverse of the fi rst

35 direction of winding,



1512. Circuit according to claim 1, characterized in that said first and second points (P1, P2) are separate
from the first intermediate tap (A), the first point (P1) bging connected to the first end terminal (D) of the
antenna (L) by at least one turn (S) of the 20 antenna (L), the first point (P1) being connected to the
second end terminal (E) of the antenna (L) by at least one turn (S) of the antenna (L). 13. Circuit
according to claim 1, characterized 25 in that the second point (P2) is located at the first end terminal (D)
of the antenna, the first point (P1) is connected to the intermediate tap (A) by at least one turn of the
antenna. 3014. Circuit according to claim 1, characterized in that said intermediate tap (A) forms a first
intermediate tap (A), the firsthatiéishpdiatéRapigA)dssashat the écstdnd the first end terminal (D) of the
antenna (L) by at least@nrtyD).(S) of the antenna 35(L), the first intermediate tap (A) being connected to
59 the second end terminal (E) of the antenna (L) by at least one turn (S) of the antenna (L), the
second point (P2) is located at %sec.?nd inteémediate ta ngleqjof the antenna (L), the second 5
intermediate tap (P2) bein %on EetEd TERETIRt E%oa‘[@}r) Ea ﬁ))p{)?‘fﬁ "Fhtenna (L) by at least one turn
(S) of the antenRa (L2 seiRGIRTIEeHELTRRS 2 laSDPRRINGCIected to the second®nd terminal (E)
of the antenna (L) bytet laastroee tomfi$esf the sartesna 10(ding (93) Gifcuit according to any of the

precec_iing claims, cﬁgfagtgfig@g"grtggﬁrm@mggﬁgegwmb@s @ first metal sur_facetﬁ@rmir!g the first
capacitance 15 termgnu%{‘:%lgg BReRD éa\lewgﬁagrf?@jagé?%&qcond capamtance?llﬁrmmal (CIE), at

least one dielectric Iaéer ying between the first metal surfac e second metal surface. 2016. Circuit

according to any of dRfE I 18SRRCH I BA AU ATe R TRENESHR  Ance comprises at f&fst one dielectric
layer having a st sidenarad theeodeithsicd) distant from the first side, a first metal surface forming
the first 25 capacitance terminal (C1X) on the first side of the dielectric layer, a second metal surface

forming the second capaci@\zf]cegjﬁggi’;[ing&é&]&)1 ntgﬂ%ﬁ?qg@dtﬁédepgggggrggelectric layer, 30- athird

metalsurfaceforming athird cgpacitance terminal (C1F) lyin ay fram the first metal surface on the first
side of the dielectric?ga)}@rs,’ cafParac erlze. |r.1 that t%e t rng ?‘é’) o; tWe
antenna (3) are distributed over several separate

15 physical planes.

23. Circuit according to any of the preceding
claims, characterized in that the tuning capacitanc e
(C1) comprises a second capacitance (ZZ) formed by at
20 least one third turn (SC3) comprising two first and
second ends (SC31, SC32) and by at least one fourth

turn (SC4) comprising two first and second ends (SC 41,
SC42), the third turn (SC3) being electrically
separated from the fourth turn (SC4) to define at | east

25 the tuning capacitance (Cl) between the first end
(SC31) of the third turn (SC3) and the second end
(SC42) of the fourth turn (SC4),

-the first end (SC31) of the third turn lying
further distant from the second end (SC42) of the

30 fourth turn (SC4) than from the first end (SC41) of the
fourth turn (SC4), the second end (SC32) of the thi rd
turn (SC3) lying further distant from the first end
(SC41) of the fourth turn (SC4) than from the secon d

end (SC42) of the fourth turn (SC4), the second
35 capacitance being defined between the first end (SC 31)



60 the first capacitance terminal (C1X) defining a firstcapacitancevalue(02)withthesecond
capacitance terminal (CIE), the third capacitanceggrminal (C1F) defining a 5 second capacitance
value(Cl)with thesecond capacitance terminal (CIE), the first capacitance terminal (C1X) defining a
third coupling capacitance value (012) with the third capacitance terminal (C1F), 10-
connectionmeansconnectingthethird capacitance terminal (C1F) to one of the access terminals (1, 2). 17.
Circuit according to any of the preceding 15 claims, characterized in that the antenna (L) comprises at
least one first turn (Si), at least one second turn and at least one third turn, which are consecutive, the
first turn (Si) extendinty henthirk ssooECehdrstiinsge)rid fidstSEAdIng direction to a refrersal point 20
(PR) connected to thaseaaadttursta)second and third turns (S2, S3) extending from said reversal point
(PR) to the first end terminal (D) in a second winding direction which is the reverse of the first winding
direction, 25- the first point%( 1) of the anten a(iL) ang the second point.(P2) of the antenna (L) being
located on the second and 1rd‘il5?HE (§§?‘§§W 8F°Ci Tiit %r&gg%"% t%laé y of the preceding 30 claims,
characterized inthatAt@r 2HesiH84 (D) BamipaER 45aR1d8aFbABRS AL (51) and at least onk second turn
(S2, S3) consecutivebttevaertetwa beirdeznd o untle pwdistéEaP ) Af dind antenna, the firsthieirn (51) being
connected to the secRdiHalRitEDLY a reversal 35 point (PR), the first turn (51) extending from the
61 third point (E) to the reversal point (PR) in a first winding direction, the second turn (52, 53) extending
from said reversal point (PR% to the fourth point (D) in a second direction of winding which is the reverse 5
of the first winding directio> A'§UERCARIIDIAISGNE" PliflAAMEE &08rized in that the antenna (L)
comprises at lddst oRé. fighataei¢Biedniatheastivhecserding tara%2, 38) 10 consecutive between two
third and fourth poinig§@EdBY) ofithe edernactpliigt tyocoGPLeing wpnneated to the second turn (S2, S3)
by a reversal point ('i—’rﬁhc%ﬁég%éwéﬁi}ir%’EIE?’&‘}’é”SthBQ%t”b%éh{'[ﬁrP?ém (E) to the reversgb point (PR) in a
first direction of , . ,

of the antenna electrically connected in parallel w ith

the first and second access terminals (1, 2) and

15 secondly the other at least one turn (S1) of the

antenna, second coupling means are provided to ensu re
coupling (COUPLZZ) by mutual inductance between sai d
other at least one turn (S1) of the antenna and the at

least one third and fourth turns (SC3, SC4) of the
20 second capacitance (ZZ).

26. Circuit according to the preceding claim,
characterized in that the first coupling means are

formed by the proximity between, firstly, the at le ast
25 one turn (S2) of the antenna electrically connected in
parallel with the first and second access terminals (1,
2) and, secondly, the other at least one turn (S1) of
the antenna, the second coupling means are formed b y
the proximity between said other at least one turn (S1)
30 of the antenna and the at least one third and fourt h

turns (SC3, SC4) of the second capacitance (Z2).

27. Circuit according to any of claims 23 to 26,
characterized in that the third turn (SC3) and the
35  fourth turn (SC4) are interleaved.



15 winding, the second turn (S2, S3) extending from said reversal point (PR) to the fourth point (D) in a
second direction of winding which is the reverse of thedist direction of winding, - the first
point(Pl)islocated at the 20 intermediate tap (A) of the antenna (L) and the second point (P2) is located at
the first end terminal (D) of the antenna (L). 20. Circuit according to claim 1, characterized 25 in that
the antenna (L) comprises at least one first turn (Si) and at least one second turn (S2, 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), the 30 first turn (Si) extending from the third point (E) to the
reversal point (PR) in a firs28lireCtiontoiconrding, tthame obethtonh 33 29 83) extending from said reversal
point (PR) to the fouethapsitdr{Eddimareacapdriiseciiensd syiveingradich is the reverse ghghe first 35
direction of wmdlng,ﬁgsa?st on hetﬂ p%@&(g ) '?nlgce_’f‘iﬁﬂtﬁt tte&rrﬁlrsﬁ§egt)term|nal (D). 21. Circuit

according to any of the preceding 5 claims, characterized In that at least’'one turn (S2) of the antenna

comprises in series SWIRERRS (82 P8iHUrRSEPEm HIRr B RRIER sWf¥ce with respect to the surface
surrounded by the rerdmiceiert(8 26 ohswdtinmn (S2) or with respect to the surface surrounded by other
10turns of the antenna (3). 22. Circuit according to any of the preceding claims, characterized in that

the turns (S) of the antenn%s) aie ‘Iﬂ{sgé%ﬁa% §v€8r Sguer. sgﬁ%rg%?el;li;e%hysical planes. 23. Circuit
aims, chardac e

according to any of the preceding c erized in that the tuning capacitance (Cl) comprises a

second capacitance {ZPRISRHEEAHP R S ERBALAIR SRFNQEE'3) comprising two first and second ends
(SC31, SC32) and by at least one fourth turn (SC4) comprising two first and second ends (SC41, SC42),

the third turn (§g°3) being ejgctrisdlvisepaaling tantherfeldiidym >&4) to define at least 25 the tuning
capacitance (Cl) bet\%eeg é}}'é% fiéat elnd é%%?,a}] of {hﬁ ﬁhirdcéug'c@%c%z ﬁ#he second end (SC42) of the
TS ) %he thir i urther

fourth turn (SC4), irstend (S 0 turn’lying stant from the second end

(SC42) of the 30 folTRAMRIIFEESCR) tigh FERARAREARES efE X CoATBREHY fodrth turn (SC4), the second end
(SC32) of the third tuhel¢S8)dyinvg durthe fidistapaitvanchadintahd (SC41) of the fourthiliiyn (SC4) than

from the second endyCehed) ebtaadossintitahte Géintinaisacers IRccaipacitance being defined between

the first end (8&31) c%%acitance (C1) being made in the form of a wire,

etched, discrete, or printed element.

31. Circuit according to any of claims 23 to 30,
characterized in that another capacitance (C30) is
20 connected between the second end terminal (E) and a
point (PC1) of the antenna which is connected to th e
second point (P2) by at least one turn of the anten na.

32. Circuit according to any of claims 23 to 30,
25 characterized in that the tuning capacitance (C1)
comprises a first capacitance (C30) in series with said
second capacitance (2).

33. Circuit according to the preceding claim,
30 characterized in that the first capacitance (C30) i

connected between the second end terminal (E) of th e
antenna and the second point (P2) which is connecte dto
the first terminal (SC31) of the third turn (SC3), the

intermediate tap (A) being connected to the second



of the third turn (SC3) and the second end (SC42) of the fourth turn (SC4). 24. Circuit according to the
preceding claim, 5 characterized in that there is at leaggone turn (Si) of the antenna between the
intermediate tap (A) and the second capacitance. 25. Circuit according to either of claims 23 and 10 24,
characterized in that first coupling means are provided to ensure coupling (COUPL12) by mutual
inductance between firstly the at least one turn (S2) of the antenna electrically connected in parallel with
the first and second access terminals (1, 2) and 15 secondly the other at least one turn (Si) of the
antenna, second coupling means are provided to ensure coupling (COUPLZZ) by mutual inductance
between said other detevsalo(fEQd2n (Hilhef doardimtbnna(@6d)thehitHetstrone third and foursh turns (5C3,

5C4) of the 20secongheapacianegrZy khe firdbtriifid! ascanding to the preceding clainpgharacterized in
that the first couplin r %o imj firstly, the at least ne turn (S2) of
the antenna electricgﬁg%%?l%éﬁc% 42} §§Fﬁﬁéﬁ?ﬂ%§ﬁ%§ aﬁﬁg%‘?en%nd access termina?s?) f , 2) and,
secondly, the other d0%&3EFRE turn (Si) of the antenna, the second coupling means are formed by the
proximity betweén said other at least one turn (Si) 30 of the antenna and the at least one third and fourth

turns (5C3, 5C4) of the se@mnd capagitanerdidd)io clain?32Cikaibaeereting to any of claims 23 to 26,
characterized in thatthegairdjiun ﬁ%@%&ﬂ&%@eﬁ élazturig (G e dnterleaved. 64 28. Circuit

according to any of claims 23 to 27, ch racéerlzed [ t eﬁthird turn (SC3) comprises at least one third

section, the fourth tu ﬁ@f’ﬁﬁ ggﬁﬁﬁ_‘f?@ &1 utﬁH@@%i ) & ‘F]i?(ﬁ'tseg%n lying 5 adjace?ﬂqhe fourth
section.  29. Circlittateeramh§WtIdim yeiehapaee8neetethithaiehd sections extend pékallel to each
other. 1030. CitOuit aeoondah 02N wbtfhdahind 28i¢RC3 charmdeaszed in that the tuningeapacitance (Cl)

comprises a first capafiaees)(¢He Gaphisitadie(a§HsRebuaRBdRe first capacitance igrminal (C1X)
and the second capqﬁgagggoﬁgrqg}ﬁ,{i r(%I'E()f iirg} %ﬁ>e0?§3r‘fﬁa{ﬂﬁﬁ (@I&%eing made in the form of a wire,
element. 31. Circuit accordin clai

etched, discrete, or printe to any ms 23 to 30, characterized in

that another capacitdie(d4H)5sth® 6iined(Bdindth W L8881 end terminal (E) and a point (PC1)
of the antenna whicH$édheédted frithe tteed o€ pbiiornPR) Byeatingtast one turn of the antghna.
15 terminal (D) of the antenna.

35. Circuit according to any of claims 23 to 30,

characterized in that the first point (P1) is locat ed
at the intermediate tap (A), the second point (P2) IS
20 located at the second end terminal (E) of the anten na.

36. Circuit according to any of claims 23 to 30,
characterized in that the first point (P1) is locat ed
at the first end terminal (D) and the second point (P2)
25 islocated at the second end terminal (E).

37. Circuit according to any of claims 23 to 26,
characterized in that the at least one third turn ( SC3)
and the at least one fourth turn (SC4) define a sec ond
30 sub-circuit having a second natural resonance
frequency, the first and second access terminals (1 :
2), together with a module (M) connected to them an d
with at least one turn (S2) connected to said first and
second access terminals (1, 2), define a first sub-
35 circuit having a first natural resonance frequency, the



32. Circuit according to any of claims 23 to 30, 25 characterized in that the tuning capacitance (Cl)
comprises a first capacitance (C30) in series with said ggcond capacitance (Z). 33. Circuit according
to the preceding claim, 30 characterized in that the first capacitance (C30) is connected between the
second end terminal (E) of the antenna and the second point (P2) which is connected to the first terminal
(SC31) of the third turn (SC3), the intermediate tap (A) being connected to the second 65 terminal
(SC42) of the fourth turn (SC4) which forms the first point (P1), the first terminal (SC41) of the fourth turn
(SC4) forming the first end terminal (D) of the antenna. 5 34. Circuit according to claim 32,
characterized in thattthesfirbetapasitangedC30) ithabnfieatesheetviitaiaheesecond end terminal (E) of the
antenna and the seceapeint{e 2irsvhiakuiaicarvaeeiaskterdaadiiey Khietminal (SC31) of e third turn

(SC3) by at least ongéyaﬂé%%rghgeggﬁm%ﬁd@ﬂ&A%b@dUglqgrg}e,cted to the secongterminal (SC42)
of the fourth turn (S%ﬁé{ivmc@ﬁrms the first point (P1), the first terminal (SC41) of the fourth turn (SC4)
[

forming the first end Z(D) of the antenna. 35. Circuit according to any of claims 23 to 30,
characterized in%hat the first point (P1) is located at the intermediate tap (A), the second point (P2) is 20
located at the second end &8 miat(E)aattirdiagtenaay of cBnSialutbadgording to any of claims 23 to 30,

ggar?cterizgd in hthatamv@ri’ks@ra@mr{l_?rlatiﬂq@gategs@bmetﬁ_r@i el germinal (D) ?nfl the %‘*@@”2 ngoint (P2)
is located at the s e rmi : co to any of claims 23 t :
characterized in that%&%qgtelggsl%%%e%r%@&m ?géé%ggQi%aet %eg%c% one fourth turn (S%]g define a
second 30 sub-circufYEEHRYL sddfdhatdral e EncePEYAENCIEIARAIE and second access

terminals (1, 2Qogdtearevity atadtisie (M pecritbansg s wiEninalsdvith at least one tud (S2) connected
to said first and secangeaneesstteaminedsiel (i), cafinerdirgl sudm3mainguit having a firstmatural

resonance frequen%,tt%&G&%nﬁg@iqggrrm% that frequgey.gifference between the first natural
resonance frequenC)é and the secon natu%j%r?circ])r%nceffrequeric%is eg_ual to or less than 10 MHz. 5
38. Circuit according _oC rl’]’l 0 _((::%Slﬁ]_seig]{g , char cfieeri'?éad fh that thi€’at least one third turn (SC3) and
the at least one fourfi'eih AR AYER SRBPHFRSArFRAYRARNG a second natural f88onance

15 turns being arranged so that the frequency differen ce
between the first natural resonance frequency and t he
second natural resonance frequency is equal to or | ess

than 500 KHz.

20 39. Circuit according to any of claims 23 to 38,
characterized in that the at least one third turn ( SC3)
and the at least one fourth turn (SC4) define a sec ond
sub-circuit having a second natural resonance
frequency, the first and second access terminals (1 , 2)
25 together with a module (M) connected to them and wi th

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

30 resonance frequency and the second natural resonanc e
frequency are substantially equal.

40. Circuit according to any of the preceding
claims, characterized in that the antenna comprises a
35 mid-point (PM) to set a potential at a reference



10 frequency, the first and second access terminals (1, 2) together with a module (M) connected to them
and with at least one turn (S2) connected to said first ggyd second access terminals (1, 2) define a first
sub-circuit having a first natural resonance frequency, the 15 turns being arranged so that the frequency
difference between the first natural resonance frequency and the second natural resonance frequency is
equal to or less than 500 KHz. 2039. Circuit according to any of claims 23 to 38, characterized in that the
at least one third turn (SC3) and the at least one fourth turn (SC4) define a second sub-circuit having a
second natural resonance frequency, the first and second access terminals (1, 2) 25 together with a
module (M) connect@dtentisérviihdwediiat reebenef turngy8r)tlesaected to said first dith second access
terminals (1, 2) definexeefithit gutoeirest fravisgoatlirsiinatymsl respsance frequency, the turns being
arranged so that thelg'gﬁ]t[ Q@Wp&ﬁ@ 5%59{@%&@9%@@“@@%% gReqyd natural resonagce frequency
are substantially equal. 42{3(&'r uit according to any of the preceding claims, characterized in that the
antenna comprises & %'gt [ b)g n ﬁ?ﬁf?{?‘f&{"g Fg@ﬂﬁﬁﬁ'a reference 67 potential, with an equal
number of turnsn the section extending from the first end terminal (D) to the midpoint (PM) and on the
section extending from the4hidimtitP kbcr divey sézoanyernd terenipedq&)ing 41. Circuit according to
any of the preceding-piaiss, ¢hasaearggdiin ihat the amenna lirs opra gubstrate. 1042. Circuit according
to any of the precediglg0 f;\é S, characterized in that the antenna is a wire. 43. Circuit according to any
of the preceding claims, characterized in that said terminals (D, E, 1, 15 2, CIE, CIX), said tap (A), said
points (P1, P2) and the capacitance (Cl, ZZ) define a plurality of at least three nodes, the nodes defining
at least one firdtOgroup (Si)4# atdéagit opecritingetie@nytwef fiFe nptee¢inaCIE) separate from each other,
and at least one 20 stsiany giakieetiatteasihanehotastcha iSvretween two second nodes (1, 2)
separate from each other, at least one of the first nodes being different from at least one of the second
nodes, first coupling mean gregprovjded to nsure cougling (t OUPL12) by mutual 25 inductance

513 LIS HeESEnp o0

between the first group (Si E48 econ %rgﬂ%cg QPleast one other turn (S2)

through the fact that HéMFsEBRRPT P athad sihéefmmadspdditoned in the vicinity ofthe second group
of at least one Dhher 2ur@S2LBY), saddtaDinA)it aacbmlimgst¢RhyRA)tla@ preceding claims,dcharacterized
in that said terminals{P chpdeitanEdf Ce PRz sadditam(pliramig graints (P1, P2), and the ggpacitance (C1,
ZZ) define a pluralitytmfegt lﬁ&%éStﬂ*geﬁda%geaemﬁ@o%?slggpigigeatﬁ ast one first

group (S1) of at least one turn between two first n odes
(1, C1E) separate from each other, and at least one

20 second group of at least one other turn (S2) betwee n
two second nodes (1, 2) separate from each other, a t
least one of the first nodes being different from a t
least one of the second nodes, first coupling means are
provided to ensure coupling (COUPL12) by mutual

25 inductance between the first group (S1) of at least one
turn and the second group of at least one other tur n
(S2) through the fact that the first group (S1) of at

least one turn is positioned in the vicinity of the
second group of at least one other turn (S2).

30
44. Circuit according to any of the preceding
claims, characterized in that said terminals (D, E, 1,
2, C1E, C1X), said tap (A), said points (P1, P2), a nd
the capacitance (C1, ZZ) define a plurality of at | east

35 three nodes, the nodes defining at least one first



68 group (Si) of at least one turn between two first nodes (1, CIE) separate from each other, and at least
one second group of at least one other turn (S2) betweg two second nodes (1, 2) separate from each
other, and 5 at least one third group of at least one other turn (503, SO4) between two third nodes (E,
CIX) separate from each other, at least one of the first nodes being different from at least one of the
second nodes, at least one of first nodes being different from at least 10 one of the third nodes, at least
one of the third nodes being different from at least one of the second nodes, - first coupling means are
provided to ensure coupling (COUPL12) by mutual inductance between, firstly, the first group (Si) of at
least one turn and, 1Feeedhd)\gfthkleasionedronpeiveciedspditet other turn (S2) throutgteshe fact that the

first group (Si) of at lgastarg kupdsarositanedon toeheicinit ohthesstcome group of at least one other
turn (S2), - second coupiing &ggg%pr& Qégg{dg,qetq)g{gu[&@(zé;%uggme@ouPLZZ) by mytual inductance
a@(@i 0
t

between firstly the first grou of at least one turn and secondly the third group of at least one other

turn (S03, SO4) thro 1hi& ﬂgﬁh Tisét @?Bﬁ@%i{;%ma??&%s&gﬁé tirn is positioned in the vicinity of
the third 25group of &t €25t SHE JHEY ©RPHESOB asde@st ongmtagicliaccording to the preceding claim,
characterized in that(8e3jrSiGtpiet{@rof mdetdtdonedasn (i, posXipiseddratween the secand group of at

30 least one other turd (Sl ANBiHe, third SEOBRObRHE aps ORGeEBE turn (SO03, SO4). §R(SI, S2, SC3,

SC4) belonging to differ S I rl th illimetres. 47. Circuit according to
any of claims 43 to 4 ﬁ%?%hgﬁg%ﬁarf‘zi%%%%hﬁfh%@i?ar%ggs%dggﬁa%g the turns (Si, S2, SC3, SC4)
belonging to differenfgrb @58 i€ dYabNaseT RELIHIH BN IRTALE. 48. Circuit &ording to any of

claims 43 to 45,010 ¢hg@itdeieddmotashat tissimne sépredting the turns (Si, S2, 5CPIBS4) belonging to
different groups is eggalgainicless fivam dt bRl the secdAd Guguit according to amry of claims 43 to
48, 15 characterized in that e dggﬁ%serg@%gngipge %@@é@i, 22 epSheSC4) belonging to different
groups is equal to orcrg&glntgharz&g&aﬁrﬁsnet{“els. mutual inductance between,

firstly, the first group (S1) of at least one turn and,
15 secondly, the second group of at least one other tu rn
(S2) through the fact that the first group (S1) of at

least one turn is positioned in the vicinity of the
second group of at least one other turn (S2),
-second coupling means are provided to ensure

20  coupling (COUPLZZ) by mutual inductance between fir stly
the first group (S1) of at least one turn and secon dly
the third group of at least one other turn (SC3, SC 4)
through the fact that the first group (S1) of at le ast

one turn is positioned in the vicinity of the third
25  group of at least one other turn (SC3, SC4).

45. Circuit according to the preceding claim,
characterized in that the first group (S1) of at le ast
one turn is positioned between the second group of at
30 least one other turn (S2) and the third group of at
least one other turn (SC3, SC4).

46. Circuit according to any of claims 43 to 45,
characterized in that the distance separating the t urns



50. Circuit according to any of the preceding 20 claims, characterized in that at least a reader (LECT) as
charge and / or at least a transponder (TRANS) as chayge is connected to the access terminals (1, 2). Si.
Circuit according to any of the preceding 25 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. 3052. Circuit according to any of the preceding claims, characterized in that said
at least one first access terminal (1) and said at least one second access terminal (2) are connected to at
least one first charge (Z1) having a first prescribed tuning frequency in a 35 high frequency band and at
least one second chéfde &2) SWBhavF) Debrmiagptesdiffsseriugiing pedeiency in another ultra high
frequency band.  equal to or less than 20 millimetres.

47. Circuit according to any of claims 43 to 45,
5 characterized in that the distance separating the t urns
(S1, S2, SC3, SC4) belonging to different groups is
equal to or less than 10 millimetres.

48. Circuit according to any of claims 43 to 45,
10 characterized in that the distance separating the t urns
(S1, S2, SC3, SC4) belonging to different groups is
equal to or less than 1 millimetre.

49. Circuit according to any of claims 43 to 48,
15 characterized in that the distance separating the t urns
(S1, S2, SC3, SC4) belonging to different groups is
equal to or more than 80 micrometres.

50. Circuit according to any of the preceding
20 claims, characterized in that at least a reader (LE CT)
as charge and / or at least a transponder (TRANS) a S
charge is connected to the access terminals (1, 2).

51. Circuit according to any of the preceding
25 claims, characterized in that it comprises several
first access terminals (1) which are distinct from each
other and / or several second access terminals whic h
are distinct from each other.

30 52. Circuit according to any of the preceding
claims, characterized in that said at least one fir st
access terminal (1) and said at least one second ac cess
terminal (2) are connected to at least one first ch arge
(Z1) having a first prescribed tuning frequency in a

35 high frequency band and at least one second charge (Z22)
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having a second prescribed tuning frequency in anot her
ultra high frequency band.



