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concer ns contac elver systems, and particularly a coupling
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contactless snmart cards. The exchange of infornmation between the
contactless card and the associ ated reader is acconplished by renote

el ectromagneti c coupling between an antenna | odged in the 20 contactl ess

card andracheeead #iegana |ocated in the reader. For devel oping, storing
and processi ngEFhe information, the card is equ th a chip or, an
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30 ci(gam tance associ at ed with the chi p. The optimal operation of the
ante t which nmust not be resistive, is obtained when the
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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 procesgsging 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 resgistive, is
obtained when the following circuit resonance law is observed:

LCw? = 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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Di spl aCL@Qoﬁﬁ%eC%ﬂéﬁife%n%%i?s the chip towards the antenna, by connecting
one or re capacitors direcCtly to the antenna is not an acceptabl e
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augmenting the number of turns. This solution, however, causes

several major drawbacks. Indeed, since all electric circuits
have a certain resistance, increasing the number of turns,
( which essentially corresponds to an increase in the circuit's

25 length, leads to a significant increase in the value of this
resistance. This considerably affects the antenna's
performance characteristics and thus that of the card as well.
The distance between the reader and the card is reduced
significantly.

30 In order to limit the overall dimensions and 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.



20 The invention thus concerns a coupling antenna connected to an

el ectromagneti c wave transcei ver device containing one or several 17 MAY 2003
integrated capacitors. This coupling antenna includes at |east one screen
prlnted turn on a support consisting of an insulating dielectric support
‘*and al so 25 includes a screen printed capacitor on the support, connected
in parallel, thereby reducing the capagitance supplied by the capacitors)
built into the device, so that the resulting capacitance forns a resonating
circuit with the turn. The invention also concerns a nmanufacturing process
of 30 this ant&imea whmidh coastst ©fi n:the scergnapednt iamg eamna ea@mcnmeses

ant enna : qgie r ¢ ¥hd hesApaciddiar Randi N patited T By
ant enna t%kgl khSMg rm&%I and the connecfign fromthe antenna to the
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support, canRNARMAE 3y e ds s Ee[ﬂeﬂtaﬁp @BstthC%}?@Clérﬁfer&aéls%@fdng
strlp by depQS|t|n dielectric in Y 2003 4 thereby allow ng the
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di agram of "a tra |t|onal contactl ess smart car represents t
couplif ngPxebdeie aBeHFFHECYS: aPLecdmeci FRPRFHERT Fre %@etﬁéHQQIQﬁannls
first fabpneridrahcstdRrm FIdGthe reiasentis iyt @i ng antenna according to
‘the invention, after the second fabrication step. FIG 4 represents the
coupl i ng ant enna accordlng to the invention, after the last fabrication

. ot pyventijonii t dlagran1of a smart card featuring
t he coupllng a nn rdl t he. tail i of
the i nvent - on‘ﬁ&ccoﬁa?%é%o PR SukToh PR PAT, 11D b, AR ¢ FEREL PLALR. D
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in the chip. It also has an eleétronlc part, 16 correiggnghng to.the nenory
t

zone andanéhan%e§%6?ldqn%bEnl e85 RXRHTH& et 1 b fnahes %QSﬁeans
of the 3%fcislmaxn—,t cb&dsThmammma akﬂafnaeolaaw o ditod amaceus, 26w intnd; cho gt lves a
resi stance Fi res 4 Ay after the three
mai n fabric (‘%tcltolr?nsteps Accénrb(fxa%ckt cd ‘%Iin ar?et 0 nt, the antenna
consi2gt s of tmdhﬁummyantLgawunyamﬂpnpeﬁnaﬁﬁ1coupllng antenna connected

to an electromagnetic wave transceiver device containing one

or several integrated capacitors. This coupling antenna
includes at least 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 reducing 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,



35 printed capacitor. During the first step of the fabrication progeﬁm ma
.represented’'in figure 2, the two turns 24 and 26 are screen printed on the
support 28 consisting of an insulating 12 NMAY 2003 s dielectric
substrate. The two bondi ng pads, 30 and 32, are screen printed at the same
time enabling the antenna to be connected to the chip, and the | ower plate
34 of the capacitor. One end of the tyrn 26 is connected to the plate 34 5
and to the bonding pad 30 by an electric bridge 36~ The other end of the
turn 26 renmai ns unconnected. The end of turn 24 is connected to bondi ng pad
32 and theepiher dEMmiirsg utennéoed. phetdi ebBctthe stdscBteri samde of

pl astic, (Eaé)er or glass fabric inpregnated in thernosetting or U V. shrink
type resth’ 199 The plastic material used is, for exanple, polyvinyl
chloride (PVC), potyepeefofREng PETQthied ycarbeant e rE@ting of the
acrylonitriler [ =St (HRH) h thved S ai

pol ymer sé%%g}lg&% g%dggﬁ\?\?t 1%g(r%fducti \_/%hée-l g%ﬁgge\%ﬁi&lc%ﬂm%hébegﬁgtggﬁg t‘l@ae
i nk Usedche weeeermbiye| ohdelewrdR2SiF9Er. 15 However, it may al so be

| oaded wi th copper or carbon. The ink can thus contain between 50% and 70%

silver in the form of beads og.stri Es. The pol yners used are pol yesters or
acrylic de 2 s a solvent which is used as a vehicle.
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e .36.
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the last “step of the fabrication process. Figure 4 shows the ante na}:ﬁfter
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of
a registance Rs 20.

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 capacitor which is superinposed on the insulating strip 38. A
.conrection 44 is screen printed to connect the plate 42 to bondi ng %@g’gga
and to-enabl e 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 al so
screen printed. The antenna thus obtained consists of two turns connected
in series and a capacitor. The circuitgdiagramof 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
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In this manner mg‘&% 3G GARAG! tancesYebiisa 0988 POt neh ARG Fde sl 110k
capacitor deterioration. Furthernore, by nmodifying the paraneters of
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ant enpa amd seatrat ity MYe 26088asitor plates An insulating strip 40 is
algso 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 gtrip 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



fabrication process is thus obtained which can be easily and rapi EMY
_adapted to the stress introduced by the chip which has a defined fw“}aed
internal capacitance. 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 with highginternal capacitance. Mreover, this
cost reduction is still greater as the manufacturing process of such cards
is not nore difficult 10 to inplenent, since antenna turns and/or
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during e 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 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 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-
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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

2 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 is possible to adjust the capacitance

35 wvalue to obtain perfect resonance. It 1is also possible to
significantly vary the capacitance value without having to

modify the fabrication process. An antenna and card
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a defined and fixed internal capacitance.
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.

T~
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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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consists in:

5 - screen printing at least one antenna turn, the
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,

15 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.



