*159159* Coupling antenna with high inductance Technical field The

#ptesent invention relates to contactless 5 transceiver SySteﬂmMNNHMWNNMML
relatés particularly to a high inductance coupling antenna e d
i contactless smart cards. Background art 10 At present, contacklsess
transcei ver systens are widely wused in nunerous applications. One of these
gpplications is the contactless smart card system which is being

Increasingly. wused in various sectors. In the transport sector, such cards
have been devel oped by way erators or der %R%PFOVIde 15 users with
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They have al so been devel oped as a neans of paynent. This is the case of
the el ectr dhﬁyyéfﬁflefén exanpl e. Many conpani es have al so devel oped
identificarron—ﬂeans*for—t eir personnel using contactless 20 smart cards.
The exchange of iTRfor meERTeFCBEL wedRVERE 108Nt acdtdled®s car B and o actless
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| ocated in
infornatiommaﬂuacanﬂgils equi pped with a chip acting as a nenory zone and
a mcroprocessor, which is connected to the antenna. This chip contains
an i nput capacitance provided by capacitors built into the chip. The

ant enna an®adkgnsund @t generally located 30 on a flat neutral support.

The optjymal oper ali q-Ofc it e c@ﬂEQQQQeEQ'Qﬂgﬂgyéf¥br‘@yégbﬂysérgokﬂaély
resistive, is _obtained when the followng circuit resonance_law is
used 1n numerous applications. One of these applications is

the contactless smart card system which is being increasingly
used in various sectors. In the transport sector, such cards
have been developed by motorway.operators in order to provide
15 users with subscription possibilities and to simplify toll
booth payment operations. They have also been developed as a
means of payment. This is the case of the electronic wallet,
for example. Many companies have also developed
identification means for their personnel using contactless
20 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
contactless card and a second antenna located in the reader.

25 For developing, storing and processing the information/ the
card 1s equipped with a chip acting as a memory zone and a
microprocessor, which is connected to the antenna. This chip
contains an input capacitance provided. by capacitors built
into the chip. The antenna and the chip are generally located

30 on a flat neutral support. The optimal operation of the
antenna-chip coupling, which must not be resistive, 1is
obtained when the following c¢ircuit resonance law 1is
observed: -

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

represents the input capacitance and ® the pulsation equal to
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observed: 35 LC(02 =1 (1) in which L represents the inductance of the
antenna, C represents the input capacitance and Co the pul sation equal to
*@00002* A 2 27tf, in which f represents the normalized frequency (for
exanpl e, 13.56MHz). The obligation to observe this law requires chip

manuf acturers, also called founders, to integrate capacitors 5 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_ the capacitors. The devel opnent of contactless_snart card
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the capacitors built into the chips and to thereby reduce the.

capacitance of the circuit. In this manner, manufacturers can
produce smaller chips.

15 In order to observe the law LCw? = 1 and to obtain
optimal coupling, the inductance L of the antenna must be
increased in order to compensate the decrease in the chip's
input capacitance value. In the case of antennas made by
using copper aluminum etching techniques, in the form of

20 turns on a plastic dielectric support, the inductance 1is
generally increased by augmenting the number of turns. This
solution, however, causes several major drawbacks. Indeed,
since any electric circuit has a certain resistance, the
increase in the number of turns, which essent;ally

25 corresponds to an increase in the circuit's length, leads to
a significant increase in the value of this resistance. This
considerably affects the performance characteristics of the
antenna and thus alsol the _cafd. As a result, the reading
distance of the card is shortened 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

35 downgraded as there is a higher risk of the antenna turns
breaking when the card bodies are subjected to the hot

lamination operation under pressure.



antenna and thus also the card. As a result, the reading distance of the

. card is shortened significantly. 30 In order to limt the overal

dimensions and to maintain the effective area for the el ectromagnetic flow
through the card, the width of the copper tracks nust be reduced. As a
result, the resistance of the antenna is increased and, above all, the
reliability of the cards is 35 downgradgd as there is a higher risk of the
‘antenna turns breaki ng when the card bodies are subjected to the hot

| ami nati on operation under pressure. 3 The unit cost of the engraved
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on the market. .

The invention relates to a coupling antenna consisting
15 of a plurality of turns in series located on a flat support
made up of an insulating dielectric substrate. This antenna
includes one or more assemblies of at least one turn located
on said flat support, mounted in series, at least one of the
assemblies consisting of at least two turns in series,
20 superimposed in relation to an axis perpendicular to the
plane of the support and separated by an insulating strip of
dielectric ink enabling a high inductance value to be
obtained.
In a preferred embodiment of the invention, the coupling
25 antenna includes one or more assemblies of at least one turn
of ink screen-printed on the flat support, mounted in series,
at least one of the assemblies: being made up of_least two
turns of screen-printed ink, in series, superimposed along an
axis perpendicular to an insulating strip of dielectric ink
30 also screen printed on the support.
Another aspect of the invention 1is the coupling antenna
manufacturing process which consists of:
- performing the screen printing of a turn of one or
several assemblies by depositing conductive ink on one side
35 of a flat support made up of an insulating dielectric
substrate,
- performing the screen printing of an insulating

strip superimposed on the screen printing of the turn of at



of ink screen-printed on the flat support, nounted in series, .at |east
one of the assenblies being made up of least two turns of screen-printed
"ink, -in series, superinposed along an axis perpendicular to an insulating
strip of dielectric ink 30 also screen printed on the support. Another
aspect of the invention is the coupling antenna manufacturing process

whi ch consists of: - performng the scrgen printing of a turn of one or
several assenblies by depositing conductive ink on one side 35 of a flat
support made up of an insulating dielectric substrate, - performng the
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a) In order to compensate the higher intrinsic
electrical resistivity of screen-printable conductive polymer
15 inks, the cross-section of the antenna's turns must be
increased. This is achieved by widening the turns and/or
making a thick deposit of ink. On the basis of these design
adaptations, the instantaneous performance characteristics of
the screen-printed antenna having less than three turns are
20 at least comparable to those of an engraved antenna and even
better after the various mechanical and ageing tests (damp
heat). When the inductance of the antenna must be increased
in order to match a chip having low internal capacitance,
increasing the number of turns is detrimental to the screen-
25 printed antenna as the electrical properties are quickly
downgraded above three turns (loss of electrical conductivity
and leveling off -of the inductance). The inventive process
allows this.technological dead end to be overcome by offering
a screen-printed antenna which is compatible with low-
30 capacitance chips.

b) By modifying the geometric parameters of the coupling
antenna according to the invention (thickness of the
dielectric insulating layer, width and thickness of the
turns, overlapping surface area between superimposed turns),

35 it is possible to adjust the inductance value of the screen-
printed antenna in order to obtain perfect matching. An
antenna configuration can thus be made which allows the

founder to significantly reduce the chip's input capacitance.




better after the various nechanical and ageing tests (danp heat) . Wen

. the i nductance of the antenna nust be increased in order to match a chip
‘having |l ow internal capacitance, increasing the nunber of turns is
detrinental to the screen 25 printed antenna as the electrical properties
are quickly downgraded above three turns (loss of electrical conductivity
and leveling off of the inductance). Theg inventive process allows this

*t echnol ogi cal dead end to be overcone by offering a screen-printed antenna
which is conpatlble with low 30 capaC|tance chips. b) By nodifying the
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description of the drawi ngs The objects, characteristics and advantages of
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represents the Thecupbidragr amcbfaracdentizdtiess and advantages of the
invention will become more apparent from the following
15 description when taken in conjunction with the accompanying
drawings in which:
FIG. 1 represents the circuit diagram of a contactless
smart card.
FIG. 2 represents the coupling antenna according to a
20 special embodiment, at the end of this first fabrication
step.
FIG. 3 represents the coupling antenna according to the
invention, at the end of this second fabrication step.
FIG. 4 represents the coupling antenna according to the

25 invention, at the end of this last fabrication step.

Detailed description of the invention

According to figure 1, the electric circuit of card 1 is

divided into two components: the antenna and the chip. The
30 chip 2 has an internal capacitance Cs 4 obtained via
capacitors located in the chip. It also has an electronic
part 6 corresponding to the memory zone and the processor.
The chip 2 is connected to the antenna 8 via the circuit 1.

The antenna 8 has a resistance Rs 10 which causes the circuit

35 to loose power. The antenna also has a self-inductance Ls 12.
Figures 2, 3 and 4 represent the antenna after the three
main fabrication steps. It consists of an antenna with an

assembly of two superimposed turns. The same process may be



smart card. FIG 2 represents the coupling antenna according to
speci al enbodi ment, at the end of this first fabrication step.

a 20
FIG 3

represents the coupling antenna according to the invention, at the end of

Jhis second fabrication step. FIG 4 represents the coupling an

tenna

according to the 25 invention, at the end of this last fabrication step.

Detail ed description of the invention Acgording to figure 1, th
*circuit of card 1 is divided into two conponents t he ant enna
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During the first step_of the fabrication pr cess
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silver. HopBM@Erablly, the ink used is loaded with silver. However, it

15 may also be loaded with copper or carbon. The ink contains

between 50% an 70% silver in the form of beads or strips. The

polymers used are polyesters or acrylic resins. The ink also

contains a solvent which is used as a vehicle. According to a

specific embodiment, the solvent is a glycol ether.

20 16 follows the contours of the support. One

The turn

of its

extremities is in contact with one of the bonding pads 18

enabling the antenna to be connected to an elec

trical or

electronic component such as a chip. The other end of the

turn is free so that it can be connected to the second tu:n.

25 Figure 3 shows the antenna after the second step of its

fabrication process. A second screen printing operation is

performed. This second screen printing operation corresponds

to the deposit of at least two layers of diele

ctric ink

forming an insulating strip 20 between the two turns.

30 According to a preferred embodiment, each layer is 25 microns

thick. This ink contains polymers and cross-links when

subjected to U.V. radiation. According to the embodiment, the

polymers may be acrylate resins or unsaturated polyesters.

Contrary to the conductive ink of the turns, this

ink does

35 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 antenna is very stable and especially the
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15 may al so be | oaded with copper or carbon. The ink contains between 50%
an 70%silver in the formof beads or strips. The polyners used are

pol yesters or acrylic resins. The ink also contains a solvent which is
ysed as a vehicle. According to a specific enbodinent, the solvent is a
glycol ether. The turn 20 16 follows the contours of the support. One of
its extremties is in contact with one pf the bonding pads 18 enabling

st he antenna to be connected to an electrical or electronic conponent such
as a chip. The other end of the turnis free so that it can be connected
to the secohickness 25f Fitdure Inshohatihe &itdinaaaft efhifie SR ot tBPf
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inthe ink w I 0SS- when the ink is subjected to U V. radiation
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of the antepna drmater ytst aidheoride espe@ al kyripe %ttt ckgesa ofirdilating

insulating strip ,and thus the djstanc bet ween the t turns does npt
vary, thi chPaFp ﬁErﬂﬁ%lﬁﬁVeﬁﬂh i?%sgegan'qﬁfﬁﬁnqﬁnfxgpgfgtﬁﬁfulreé{ In
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strip with good insulating 10 characteristics, at |east two anerﬁnﬁgn'Pg
are reﬁhlréasuﬂﬁtlng properties. This strip is superimposed ©on
and entirely covers the latter and particularly the end which
is in contact with one of the antenna's bonding pads 18, with
the exception of the second end 17 which 1is left free in
order to be able to connect the two turns together.

20 Figure 4 shows the antenna completed after the third and
last step of its fabrication process. A third screen printing
operation corresponding to the turn 22 was conducted. It is
superimposed over turn 16 of the first assembly and over the
insulating strip 20 which is between the two turns, along an

25 axis which is perpendicular to the plane of the support 14.
One of the ends of this turn 22 is connected to the free end
17 of the first turn 16. The second end of the turn 22 is
connected to the antenna's second bonding pad 24.

It can thus be noted that, in this example, the antenna

30 is made up of two turns in series, which are in two different
and parallel planes, each being parallel to the support 14.
In this manner, an antenna of this type is called a "Z" type
antenna.

Tt can be considered that the two turns which make up

35 the antenna are connected together by capacitors distributed
throughout the antenna. This structure is equivalent to two
coils (corresponding to each of the turns) connected in

series through a capacitor formed by the dielectric which



fact, after cross-linking, the layer of ink is highly porous which
prevents it from having high insulating properties. In order to solve this
probl em two successive and superinposed |ayers are screen printed and
-forma strip having high 15 insulating properties. This stripis
superinmposed on turn 16 and entirely covers the latter and particularly
the end which is in contact with one of the antenna's bondi ng pads 18,
,Wth the exception of the second end 17 which is left free in order to be
able to connect the two turns together. 20 Figure 4 shows the antenna
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which is qgﬁpendlcular to the plane of the support 14. One of the ends of
this turn 5 connected to the free end 17 of the first turn 16. The
secondsend of the turn 22 is connected to the antenna's second bondi ng pad
24. It can thus be noted that, in this exanple, the antenna 30 is nade up
of two turns in series, whi ci&rzéz Unawe—gi-f f erentyy and parallel planes,
each being parallel to the support 14. Crwt his manner, an antenna of thls
type is called a "Z" type antenna. It can be con3|dered that the two turns

whi ch make up 35 the antenna_are c nnect ed toget her acl
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thus: 5 is thus possible to vary the antenna's apparent inductance
(the impedance Z, in fact) considering the wvalue of the
chip's input capacitance, to obtain the resonance condition.
15 1Indeed, if the input capacitance of the chip is very low, the
capacitance between the two turns is increased by decreasing
the thickness of the insulating strip. The apparent
inductance of the antenna thus also increases. If, however,
the chip's input capacitance is higher, a less inductive
20 antenna - thus better adapted to the chip - 1is obtained, by
_increasing the thickness of the insulating strip. In this
manner, it is possible to obtain an apparent inductance value
which is variable depending on the thickness of . the
insulating strip separating the superimposed turns.
25 Capacitance values between the two turns were measured
and the maximum value recorded is 2,000 picofahrads (pF) .
This capacitance allowed an inductance value of approximately
1,900 nanohenrys (nH) to be obtained.
The coupling antenna described above is only an example
30 of an embodiment. According to the invention, the antennas
may have one or more assemblies of one single turn and one or
more assemblies of multiple turns mounted in series. Each
assembly of several turns being made up of superimposed turns
in series, the number and the diameter of turns varying from
35 one assembly to another.
The coupling antenna according to the invention may

particularly be used in contactless smart cards. These cards



Z=i.2.L.w C. CO (2) The equation above shows that the nore the val ue of the
~capacitance Cis increased, the nore the inpedance Z 10 increases. The
capaci tance between two superinposed turns varies according to the
thlckness of the insulating strip. It is thus possible to vary the
“antenna' s apparent inductance (the inpedance Z, in fact) considering the
val ue of the <chip's input capacitance, ¢ o obtain the resonance condition.
.15 Indeed, if the input capacitance of the chip is very low, the
capaci tance between the two turns is increased by decreasing the thickness
of the insebmsiey sofipa Thrahppanppbrti ndestantagof athelaasénnanehudighso
| nCr eases. ; | gy o POUBY ClooudiNBf MLt Snh SPUbAGABREH ANPCat S 10gtelond bﬁi%
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to the invention, is made by hot or cold pressing of the
three elements which make up the card, also referred to as
15 hot or cold lamination. Once this lamination step has been

performed, the chip is installed and connected to the card's

antenna(s) .



consist of a flat support featuring at |east one high inductance coupling
antenna connected to at |east one chip, also located on the flat support,
having |l ow i nternal capacitance. According to a specific type of
contactless 5 smart card, the flat support is inserted between two card
bodi es, said card bodies being fixed at each side of said flat support in
order to stiffen it. These card bodies mgy be mnmade of plastic. In this
case, the plastic used nay be polyvinyl chloride (PVC), polyester (PET
PETG, 10 polycarbonate (PC), or acrylonitrile-butadi ene-styrene (ABS).
When the card bodies are plastic, thei rCBARE i on on each side of the flat
support bearing on one or nore antennas according to the invention, is
made by hot or cold pressing of the three elenments which nake up the card,
al so referred to las AFHR1GH HHEIEIGRRTIGHE 1IN QL thiRL 1 Eed Haf i Oh iy

has been psif dmds thecehiel i sni st dilaed augpeeanect gd tinddreupar 8fs an
antenna(s)., 10 . CLAIMS. 1. A coupli antenna consisting of a plurality of
turns ir15&9??%??hﬁ%l%ﬂe%%cg?$$afggﬁbb%??'(14) made up of an insulating
dielectric substrsdial sateénaat epadndeiohgralvdaradized zéd ithathatiti tinabidekes

S One ory ML.e, ag??%lrjee%ﬂer?ﬁlj}ﬁséfoﬁ@ i ( 16)e | E’ﬁg{x.e%%’? 134 dd A
support,” nounted in series, at |east one of the assenblies consisting of
at | east twRtdir Adati6supR9yrppumcsd@tedn Serisesiegnd dbpdeiafioseRe alPéng-hfh

axis perpendigdthialid® cbheiBkang off s& d spPOfdo abdraepanat,ehy mdunted
insulating 10 strip (20) of dielectric ink, which allows it to qbt |n_ato
in
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high inductance value.

2. The coupling antenna according to claim 1, in which

said turns are turns of ink screen printed on said flat

15 support and said insulating strip of dieletric ink is also
screen printed on said flat support.

3. The coupling antenna according to claim 2, having an
assembly of two turns of screen printed ink, in series,
20 superimposed along an axis perpendicular to the plane of said

support and separated by said insulating strip.

4. The coupling antenna according to any one of the
previous claims, in which the dielectric substrate forming
25 the flat support is made of plastic material, paper or glass

. fabric impregnated with thermosetting.or U.V. shrink resin.

5. The coupling antenna according to claim 4, in which

the plastic material used as the dielectric substrate for

30 making up the flat support is polyvinyl chloride (PVC),

polyester (PET, PETG), polycarbonate (PC), or acrylonitrile-
butadiene-styrene (ABS).



assenbly of two turns of screen printed ink, in series, 20 superinposed

gl ong an axis perpendicular to the plane of said support and separated by
said.insulating strip. 4. The coupling antenna according to any one of the
previous clainms, in which the dielectric substrate formng 25 the fl at
Support is made of plastic material, paper or glass fabric inpregnated
with thernosetting. or U V. shrink resipy 5. The coupling antenna accordi ng
toclaim4, in which the plastic material used as the dielectric substrate
for 30 making up the flat support is polyvinyl chloride (PVC), polyester
(PET, PETQ, pol $caThenateplPQy, antenvayhoaptrdihg- tburadi ene- sfyeépemgABS) .

11 6. The ggupding Ankenda FGEOT dhiag Jf0 8YqON& et/ it edl t8rRs ik WAI ch
the ink of said screen-printed turns is a conductive polyner ink |oaded

wi t h condueendacaiygeped ymsry inkydogggs! Wﬁéjhaﬁtoé‘ﬁh’&téé’@oﬁéieﬁ‘&ntté -cl ai m 6,

in which said conductive polynmer ink is |oaded with silver, copper or
carbon. 8. The coqupl jng antenna according to a one of .the 0 previous.
claims,5in which/safgi ﬁ?&@ﬁ% PN ?r‘éﬁ%r%%f %OatClIaelglstbl’t o ‘é’béFs of .
di el ectri c siaild. bndihe isalpbd Dgneant £nkaiacdaradieny wictlcl @i hvdr i ncebpeh otrhe

dielectric gg O%prning the two |ayers of the insulating 15 stripis a U VW

shrink typg polyrer ink. 10. A fabrication process according to one of the
.previous clainms characterized in that it consists in: - performng the

screen printing @f anhbUrdolpPMRON@nt2ARN 88¥8Eakngssedblbngs bye deosithieng
conductive ink on one side of a flat support made up of an insulating
dieIecﬂ?icPQ@H&QW%HQ%aLm%KH¥%rﬂ¥hﬁhtﬁ@lgcﬁéé¥ﬁﬁﬁlﬂéﬂﬂf Hh 1% Wi R
strip superithpesed awd heveaieaf PFhdlidatgief ike turn of at 25 | east one
assenbly, by a dielectric ink depositing operation, enabling the turn to be
covered and to | eave the antenna's

9. The coupling antenna according to claim 8 in which

the dielectric ink forming the two layers of the insulating
15 strip is a U.V. shrink type polymer ink.

10. A fabrication process according to one of the
previous claims characterized in that it consists in:
- performing the screen printing of a turn from one
20 or several assemblies by depositing conductive ink on one
side of a flat support made up of an insulating dielectric
substrate,
- performing the screen printing of an insulating
strip superimposed on the screen printing of the turn of at
25 least one assembly, by a dielectric ink depositing operation,
enabling the turn to be covered and to leave the antenna's
connection bonding pads. and the connecting zones of the
superimposed turns visible,
- performing the screen printing of a turn of at
30 least one assembly, superimposed on the screen printing of
the insulating strip by depositing conductive ink, the second
and third steps of the process being repeated one or more
times when the antenna features one or more assemblies of
more than two superimposed turns.
35
11. A contactless smart card made up of a flat support

featuring at least one high inductance coupling antenna



connection bondi ng pads and the connecting zones of the superinposed turns
wisible, - performng the screen printing of a turn of at 30 | east one
assenbly, superinposed on the screen printing of the insulating strip by
deposi ting conductive ink, the second and third steps of the process being
repeated one or nore tines when the antenna features one or nore
assenblies of nore than two superinposed turns. 35 11. A contactless snart
card made up of a flat support featuring at |east one high inductance
coupling antenna 12 according to any one of claims 1 to 9, connected to at

| east oneaﬁdqrdiﬁg tidheagpnbtaet bdsslsnard catal accoodhagtéd tbe atl digasts
11, in which At }{egst one chip has a low internal capacitance. 13. The
contact | ess Smart ‘card according to claim11l or 12, in which the flat
support is inserted between two card 10 bodi es, said card bodi es being

fixed to each side Oﬁﬁﬁﬁ'Qonﬁ&@iléEQpQﬁ%mtenégfdchEB?dQﬁﬁdt&p PEe clalm
stlffened 14. The contactless smart card accord g}to claim13, in whi

the card bo&y i s1Pad¥Péfha RAtastieasht ePr8l §6’€+P adas pdl ywPHyl %et?rqad'e
(PVO), pol vesieritdilce. PETG, pol ycarbonate (PC), or
acrylonitrile-butadi ene-styrene (ABS). 15. The contactless smart card
according to claim13 or 14, in which the card body is fixed to the flat
support of 20 tHe.afthenmrrhadiotesy soddt | aardabcoording to claim 11 or

12, in which the flat support is inserted between two card
10 bodies, said card bodies being fixed to each side of said

flat support, enabling the card to be stiffened.

14. The contactless smart card according to claim 13, in
which the card body is made of a plastic material such as
15 polyvinyl chloride (pvC), polyester (PET, PETG),

polycarbonate (PC), or acrylonitrile-butadiene-styrene (ABS).

15. The contactless smart card according to claim 13 or
14, in which the card body is fixed to the flat support of

20 the antenna by hot or cold lamination.



