'Hle3eGPD<R6 T~. 1 Vari abl e capaci tance coupling antenna Technical field 5
The present invention concerns contactless transceiver systens, and

particularly a coupling antenna with a screen printed cap
particularly used in contactless or hybrid contact-contac mawm ’M’W’”’l ards.
10 Background art The contactless smart card is a systen1be|

I ncreasingly in various sectors. In t e transport sector, the Eﬂ?ﬁ has been
devel oped as a neans of paynent. This is also the case of the el ectronic

wal [ et. Many conpanwg§ﬂyyy§zgéahégiékagﬂ iglendhébgaki on neans for
their personnel using contactl éss smart cards. e exchange of information

bet ween the contactless card and the associ ated reader is acconplished by
renote el ectromagneti c coupling between an antenna | odged in the 20

contactless card a 9 second antenna | ocated in the reader. For
develomi%§h¥&%ﬁ+ﬂg—%§8 processing the information, the card is equi pped
withsa chip orThe elrestntni tnvenuienwdaitamsonnetactlesst Heramsesier The

ant enna dhg, C%rﬂi( aggrwehgakmlré)ggg?g B Qh@éﬁﬁé“v&&#paorécf@&? of

pl astic mat ef i yvi ny ester
pol ycar bk eed Peppacy toThe Pamtdimve airslbbti#%ﬁ‘— aanOEHéﬁntéﬁSScd%rpe*ww‘-d

al um nura &t € P98t LBL18HBP8Mbrer cuhiadi.ng of conductive nmetal wire. The
chip, including a nmenory zone and a m croprocessor, contains capacitors

whi ch define an input 30 capacitance associated with the chip. The optinma
opermt | Bagkgtdendnaetna- chip coupling, which nmust not be resistive, is

ot ained when the fllow n gLt cull L es0uaRce, Law | 5. oboghvogh s hO0~Zscal

35 in whic represents T he™ I nduct ance of°the anfenna resents
the |npuin©a©aalnghyelalnd’a¢4qllﬁe Rl erequin t:belvltsansp@muaﬁctog 2wiRe |

which f repgesglt Sddif AevaRLHE8d Jfd edugBaYs(fF Sapmdhe, $Bi36M#¥)also

the case of the electronic wallet. Many companies have also

15 developed identification means for their personnel using
contactless smart cards.

The exchange of information between the contactless card
and the associated reader is accomplished by remote
electromagnetic coupling between an antenna lodged in the

20 contactless card and a second antenna located in the reader.
For developing, storing and processing the information, the
card is equipped with a chip or an electronic module which is
connected to the antenna. The antenna and the chip are

" typically located on a dielectric support made of plastic
25 material (polyvinyl chloride (pve), polyester (PET) ,
polycarbonate (PC)...). The antenna is obtained by chemical

copper or aluminum etching on the support or winding of
conductive metal wire. The chip, including a memory zone and a
microprocessor, contains capacitors which define an input
30 capacitance associated with the chip. The optimal operation of
the antenna-chip coupling, which must not be resistive, is
obtained when the following circuit resonance law is observed:

LCw?2 = 1 (1)
35
in which L represents the inductance of the antenna, C

represents the input capacitance and ® the pulse equal to
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The obligation to observe this |law requires chip manufacturers, also called
founders, to integrate adequate 5 capacitors in the chips in order to
obtain'sufficiently high capacitance values. In this manner, the production
cost of the chips is necessarily higher due to the presence of capacitors.
The devel opnent of contactless smart cards inevitably includes reducing the
production cost of the chips used in 19 these cards. In order to reduce the
cost of the chips, founders have been increasingly led to reduce the size
of the capaci toh BuHidy i 0 LReChiRs aRde! OnbPRLERY HedBEGhBRCLNPYEOr
capacitance of the circuit. In this manner, manufacturers can produce
smal | er eKpPBLle151Bn56ME@P -t 0 observe the law LC?2 - 1 and to obtain

Opé i mal coupl i nge tb@%ii@gltcibaﬂCQ:c}- %bé@@\ﬁ_@nt enna ha%vbe%cimf@@seldhw |
order to compensate the Creas n.,t C 'S |nput.c aCl tance . val ue. n
Phe: casoT SRR CERREE S e BBy S A cApEIAThS al O nifE BOCRE Ry ToENFEhec
in the foapaofitbusnsirorncld ahppastinc aliddectoi obsappordyf il emdlet hngk was
i ncrease t] e e)i . i i VEeE, uses
sever al %F%ﬁggg’é aé’%gp%%ﬁdgglg?%ﬁsnénggg%ﬁeltec quz&%ﬁ%ﬁﬁsgﬁ%\gegg t(~3§er ain
resi st an€BipBnépeasicagsemd lyuiahest dug i the dreseree i ef | gapariesponds

to an increaserhB (A& EloSHbAt S A° L8ABLAL1E88SshPr SaQlisl | CRBY i LABIpase
in the valuieﬁf this_resi'stance: This con5|derablggaffects t he antepna’s

per f or maABELEASFaXHYEIe s tRRd RIRAUEREPR oc8te 8 Fli5s GREPS HREYi tPance
bet wveen theseeadardand Ihe srdéri std edrenitbesi e | carttl yo£f30the oeHepst o

limt the overall ,di sions, and 1o, ajntai he _ef tive ea f
ﬁct rongahlgglegsf P%v\\?rétekrheoelﬂ;hu?%%e%%}rég,i¥ hgegvi gf’h roptut%%‘e t\éjoepggelfg? rggkéﬂrgmst

r educedpagd terr bauillt, itlte rtdw sthepee afd the thersby reducer eheednpnd,
above al i.ahjd i of s .car LS, Oﬂﬂﬁﬁﬁgﬁd ]
hi gher r%gggggt%ﬁgbaE#%A%%{t%%%ggﬁgéa ?ngﬁﬁ%en t he dagﬁig%ggégugggg 2an
subj ect eBrPdurke sHGL Lieaniolddison operation under pressure. 3 The unit cost
of the engravednandeded itkergpsesveonsidenal ynecihuss thesg@sted edgehiians
obt ai ned bﬁ,th founders with chj haV|ng a | oper i nput ca8a0|2¥ a&e
cancel | e@P5aM3y THEL SHPP! e atyIeeERRGE theChnt&ifhadRtedra 33%nPPERti on
and use anerehsednatn nordepr afd t abhpen®aspl atiengid¢deezapadint artoe ohiphe

chip to t ; n [ 0 r [ |,rect to
t he ant \ggh %'lts %%St% r&é%%g%geg%éalbq%; %'f uttr}?eon%]ag?%)h%frr?é%ga%?#oﬁg{lécggaglgé'%%s
are cost CPPPEEi OF @dasimem sllenche &l @est, | TN pklad| ATMFaft RBERST BN
Pl achflg GARAGILAIS ﬂ%fé&ﬁ@pgﬁ%péﬂé,Ceﬁge(‘ltdd%g:ttahﬁ@ tiad hen@pE£EEE by not

easy. Disclosure of the 1nventioh The purpose of_the invention Is to
i ti gat e UGEEALIRS AR IMRP LY L gpishRhg ant@hakl of t Nhawp¥es) | EpuUSes
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connected in parallel, fhereby reducin he capaci tance suppl,ied by th
capaci t or®® brEtaPReo ﬁEwﬁééicE?esorgﬂé?rtﬁﬁﬁfeéﬂF?iﬁﬁ’ p&@it&ﬁé@cﬁgrns

a resonatgimgidicatitglywi th the turn. The invention also concerns a
manufaeturing RrocseR Ol il Al &MY 8 f8i 848 4 to maintain
the effective area for the electromagnetic flow through the
card, the width of the copper tracks must be reduced. As a
result, the resistance of the antenna is increased and, above
all, the reliability of the cards is downgraded as there is a
35 higher risk of the antenna turns breaking when the card bodies

are subjected to the hot lamination operation under pressure.



- screen printing at | east one antenna turn, the |ower plate of the
capacitor, bonding pads fromthe antenna to a chip or a nodule, and the
connection fromthe antenna to the |ower plate of the capacitor, by
depositing conductive ink 35 onto the support, - performng a second screen
print of the capacitor s insulating strip by depositing dielectric ink, 4
thereby allowing the |ower plate of t He capacitor to be covered, -
performng a third screen printing of the capacitor s upper plate and the

connection of the anhegnaddstd (b upRer Ringravedd t entamesi t ehcrBakek
description o flﬁgresngge purggsesé 0 Jecté agd charag&enlstlcE of hhe

i nvent i or°WFEhatoNe B8 apphPent €PFbm FREVFOEPBRI ngPIB BEScr P¥t i SHSwhen
t aken i nfoundensti enthi t khtibe adeoimanyiang dyveaw ngsnput whegbackt®  &re
represen r cuit +di agra It cont I t .
FG o reireoihea BHL' of SRt ey Mt 0 O AEcANEr. €3k
enbodi nefdbrigathenepgdopsehpsef Fhyg Rabrinenei BACSLERLLELIG 3 represents

the coupling amgﬁnac@ﬁgor a9 dbddediventdon crrf t @hithe t6eeed the
fabrication step.,  FIG represents the coupling antenq&_acco;dlng t% t he

i nvent i FREERRRr PHe CPRBECLARL ORE GF JAWE RPFFIEOLS pFeSkhystPnéhe
circuit gheghai ofsa rigar bncasdcépeibl & Ngsd e snipldintheant ergradaedending to
the invention., Detailed desg i stian, of the inventiao Accg ding to fi ure
10, the GRBRTFFETE| (A { COPAYerafiich SXFE 1007 s SN vhBEd THS 78
conpthhenpsobl ém. afuertieanmd &, heptac png Tieepeltiro¥? has &he ndepptrt and
capaci { a6finCErifigObhahned Yhe §APaRhLoLS hogakgdyin the chip. 1t also has

?el ectronic part 16 corresponding t menory~zone and the processor.
e chip 12 is connected to the antenna 18 by neans of the 30 circuit 10.
The anteppaci8stiese af tRdugheaseibs 22 which gives a resistance Rs 20.

Figures 2, 3 4 represent the .antenna after the three.main fabrication
steps. Accor d?ﬁget OPEPB%??i c artlé%dﬁfvrfé'f'aﬁl,oq he ant&hn &GS s tk"FsteV\o
t urnss i ndsawbaskandya ssppdenindd i iavtsshmeapacth oa. pAurailibglt kaphicisansteep of

the fabréﬁ%&kﬁ@gpga%eis’1é§£é§5 ts‘:}g ' P Lt eo%:tfatir}%.r{%\oat “%rﬁ‘ér@“c%&% 26
are screen printed on the suppor consTsSttng of an 1hsul at i ng
which is considerably less expensive in relation to the cost
of smart cards currently available on the market, owing to the
reduction in the number of capacitors in the chip.

20 The invention thus concerns a coupling antenna connected
to an electromagnetic wave transceiver device containing one
or several integrated capacitors. This coupling antenna
includes at 1least one screen printed turn on a support

‘. consisting of an insulating dielectric support and also

25 includes a screen printed capacitor on the support, connected
in parallel, thereby reduéing the capacitance supplied by the
capacitor(s) built into the device, so that the resulting
capacitance forms a resonating circuit with the turn.

The invention also concerns a manufacturing process of

30 this antenna which consists in:

- screen printing at least one antenna turn, the
lower plate of the capacitor, bonding pads from the antenna to
a chip or a module, and the connection from the antenna to the
lower plate of the capacitor, by depositing conductive ink

35 onto the support,

- performing a second screen print of the

capacitor's insulating strip by depositing dielectric ink,



5 dielectric substrate. The two bondi ng pads, 30 and 32, are screen printed
at the sane tinme enabling the antenna to be connected to the chip, and the
l'ower plate 34 of the capacitor. One end of the turn 26 is connected to the
plate 34 5 and to the bonding pad 30 by an electric bridge 36. The ot her
end of the turn 26 remains unconnected, The end of turn 24 is connected to
bondi ng pad 32 and the other renains u%connected. The dielectric substrate
is made of plastic, paper or glass fabric inpregnated in thernosetting or

U. V. shrinkrt¥pe a883bRink0 dhe PlawéicC gﬁ@éi Jf UsR@ | sapheh texanpbe,be

pol yvi nyl chl or.ide (PVC), polyester (PET, PETG, polycargonite (PO, or
acryl oni €P¥FESBut adi ene- styrene (ABS). The conductive ink used contains

pol ymers and is | oadegeantfidrnciangucai vehdlrémendsredn chprapthagnetefl s. tHde

i nk used_i teferably 1oad it ilver. r, e \ e
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si | ver i hheheppernpdftiseads tdre stangssitothe pol yners used are pol yesters or
acrylic resins. The ink also contains a solvent which is used as a vehicle.
According to_a specific enbodiment, the solvent is a 20 glycol ether.
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Figures 2, 3 and 4 represent the antenna after the three

main fabrication steps. According to a particular embodiment,
the antenna consists of two turns in series and a screen
35 printed capacitor. During the first step of the fabrication
process, represented in figure 2, the two turns 24 and 26 are
screen printed on the support 28 consisting of an insulating



The antenna thus obtained consists of two turns connected in series and a
capacitor. The circuit diagramof a smart card integrating this antenna is
represented in figure 5. 30 The electric circuit 48 is divided into two
parts: the chip 50 and the antenna 52. The chip 50 features an electronic
part 54 corresponding to the nenory zone and to the processor, and an

i nternal capacitance Csl 56. This capacitance is nuch | ower than the
internal capacitance of a traditional chip. 35 This | ower capacitance val ue

i's conpedisel &t byct kabeapanid anthevalwie Esadehtaigwds W Bl tdedantgnnares
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t bt aj ned of ral i t ant .__Fabri cat.i ng,
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g es a or Vil r

printin echniques ena capaci 0 be obraine h™a certain’
degree ofeadaserciatrinkiFgei posymersesisadhnre opphyesteraniaal asrydices

to whichréfgngar en@yibe 89RICCESkk &ihs NG UsStvddt t Gh cBRST uskhe 230 a
capaci tance, val ue_does not change as a_result of cagam tor deterioration.
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Fur t her m6FR1CHS - nBEFPYARGS: 1O FhrskRt &f LC of"RRPARPRSr , tAFcFAYEMe 1%8ir face
ar eazoof dhecpl abekeor the thickness of the insulating strip, it is possible
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R R
.' to the deposit of dielectric ink forming an insulating strip
25 38 separating the capacitor plates. An insulating strip 40 is
also screen printed on the electric bridge 36. According to a
preferred embodiment, each layer is 25 microns thick. This ink
contains polymers and cross-links when subjected to U.V.
radiation. The polymers may be acrylate resins or unsaturated
30 polyesters. Contrary to conductive ink, this ink does not
contain solvent. The polymers contained in the ink will cross-
link when the ink is subjected to U.V. radiation. This cross-
linking causes the ink to harden. In this manner, the geometry
of the capacitor is very stable and especially this insulating
35 strip does not vary. As a result, the distance between the two
plates does not vary either, which enables the capacitor and
thus the antenna to maintain optimal operating quality. In



Finally, the cost of a smart card featuring a coupling 5 antenna with a
screen printed capacitor is inconparable to the cost of a smart card having
a nore traditional antenna such as a copper engraved antenna, and a chip

wi th high internal capacitance. Mrreover, this cost reduction is stil
greater as the manufacturing process of such cards is not nore difficult 10
to inplenent, since antenna turns and/%r capacitors) are screen printed

si mul t aneousl y. 9 CLAIM5S 1. A coupling antenna, connected to an
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al so scrgee pldqitiada . 20r8. rd6e, CQEEEan:r@étsefl&QﬂdQ@rd&m 18 éEYQﬁe itk t he
previ ous, chLlrrg,l i n which b e_dielectric . su stra forn1qgﬁf ort S
made of pPfa YaPOrPYE, WHalbr PERVERASs lita g ﬁ"ﬁ‘ﬂﬁé’&é’t v?nncsdl ting
t her m@sepﬁ:bpgrﬁrleld VInSblrld@k‘ ltessﬂalveZEhéLs “ﬁhre:bcleupl i anicrrEEs iaee Gt ng
to anyone t.he pr VIOUS C S d t he
o anguBspalBeRe RS BAF arbetl' BRiblEn b TRothap i iag, fiick
duct i hégdl ermmslatdlss. Prapestliss ng Eie enmsul;@bmgngswl@ny 3fne i
claim?2 Lople sk o\g@dﬂbﬁ%ﬁ&@sy&%he@l sHeiR1LS BAeraPeRE dack@ast o

| ayers of |e eCtric ink |V|ng I nsul ating properties
coupl i ngingtdakd NG Bttt 9 o2 FﬁlﬁpgerﬁnQHﬂ(ﬁ@??ﬁ?%ﬁePEéQSFc35nk?Qﬁ%1ng

the 30 baner saliowbe tisuledleicigrist rbpidi§ea td Vbeshihpllbyea ppryfertiak.
10 connection made between the free ends of turns 24 and 26
during the last step of the fabrication process.
Figure 4 shows the antenna after the third and last step
of its fabrication process. During this step, a third screen

20 printing operation is performed to make the upper plate 42 of
the capacitor which is superimposed on the insulating strip
38. A connection 44 is screen printed to connect the plate 42
to bonding pad 32 and to enable the capacitor to be connected

" to the antenna, in parallel. Finally, the connection 46 of the

25 free ends of turns 24 and 26 is also screen printed.

The antenna thus obtained consists of two turns
connected in series and a capacitor. The circuit diagram of a
smart card integrating this antenna 1is represented in
figure 5.

30 The electric circuit 48 is divided into two parts: the
chip 50 and the antenna 52. The chip 50 features an electronic
part 54 corresponding to the memory zone and to the processor,
and an internal capacitance Cs; 56. This capacitance is much
lower than the internal capacitance of a traditional chip.

35 This lower capacitance value is compensated by the capacitance
value Cs; obtained with the antenna's screen printed capacitor
52. This antenna also features a resistance Rs 60 and a self-



7. A coupling antenna fabrication process according to any one of the
previous clainms characterized in that it consists in: 5 - screen printing
at | east one antenna turn, the lower plate of said capacitor, antenna
bondi ng pads of said antenna to a chip or a nodule, and the connection of
the antenna to said |lower plate of the capacitor, by depositing conductive
ink onto the support, 10 - perforning'h second screen printing of the
insulating strip of said capacitor, by depositing dielectric ink allow ng
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3(10%&(godrgésa é°%§aé)o% pggsﬁlg) their fixation on each side of the
support bearing on one or more antennas according to the
invention, is made by hot or cold pressing of the three
elements which make up the card, also referred to as hot or
20 cold lamination.

In this manner, the coupling antenna obtained offers
several important advantages. Fabricating a capacitor on the
outside of the chip improves the performance characteristics

.’ of the card, particularly in comparison to a traditional card
25 with a chip having the same internal capacitance.

The wuse of screen printing techniques enables a
capacitor to be obtained with a certain degree of elasticity,
making it more resistant to the mechanical stresses to which
the card may be subjected during use. In this manner, the

30 capacitance value does not change as a result of capacitor
deterioration.

Furthermore, by modifying the parameters of capacitor,
such as the surface area of the plates or the thickness of the
insulating strip, it 1is possible to adjust the capacitance

35 value to obtain perfect resonance. It 1is also possible to
gsignificantly vary the capacitance value without having to
modify the fabrication process. An antenna and card
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Finally, the cost of a smart card featuring a coupling
5 antenna with a screen printed capacitor is incomparable to the
cost of a smart card having a more traditional antenna such as
a copper engraved antenna, and a chip with high internal
capacitance. Moreover, this cost reduction is still greater as
the manufacturing process of such cards is not more difficult
10 to implement, since antenna turns and/or capacitor(s) are

screen printed simultaneously.
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1. A coupling antenna, connected to an electromagnetic

wave transceiver device containing one or several built-in

5 capacitors, said coupling antenna featuring at least one

screen printed turn on a support consisting of an insulating

dielectric substrate;

said antenna being characterized in that it also

includes a capacitor screen printed on said support, connected

10 in parallel to said antenna, thus permitting to reduce the

capacitance supplied by the built-in capacitor(s) in said

" device, so that the resulting capacitance forms a resonating
circuit with said turn.

15 2. The coupling antenna according to claim 1, in which
said capacitor consists of at least two plates of screen
printed ink, superimposed and separated by a insulating strip
of dielectric ink which is also screen printed.

20 3. The coupling antenna according to anyone of the
previous claims, in which the dielectric substrate forming the
support is made of plastic material, paper or glass fabric
impregnated with thermosetting or U.V. shrink resin.

25 4. The coupling antenna according to anyone of the
previous claims, in which the ink used to screen print the
turns and capacitor plates is a polymer conductive ink charged
with conductive elements.

30 5. The coupling antenna according to any one of claim 2
to 4, in which said insulating strip is made up of at least
two layers of dielectric ink giving it high insulating
properties.

35 6. The coupling antenna according to claim 5, in which
the dielectric ink forming the two layers of the insulating
strip is a U.V. shrink type polymer ink.
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lower plate of said capacitor, antenna bonding pads of said

antenna to a chip or a module, and the connection of the

antenna to said lower plate of the capacitor, by depositing
conductive ink onto the support,

10 - performing a second screen printing of the

insulating strip of said capacitor, by depositing dielectric

" ink allowing the lower plate of the capacitor to be covered,

- performing a third screen printing of the upper

plate of said capacitor superimposed on said insulating strip,

1S and the connection of the antenna to said upper plate of said

capacitor.

8. A contactless smart card made up of a support
featuring at least one coupling antenna according to any one
20 of claims 1 to 6, connected to a chip or a module.

9. The contactless smart card according to claim 8, in
which said chip or said module have no internal capacitance.

25 10. The contactless smart card according to claim 8 or
9, in which the support is inserted between two card bodies,
said card bodies being fixed to each side of said support,
enabling said smart card to be stiffened.

30 11. The contactless smart card according to claim 10, in
which the card body is fixed to the support of the antenna by
hot or cold lamination.



