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e!ectncai contact has been set up in a smart card reader, lasts about one

second. This is a relatively lengthy period of time and,; furthermore, the chip

20 contacts and the corresponding contacts are subjected to a mechanical

wéaring-out process in the card reader. This may jeopardize the accurate

transmission of data. Again, the fouling or oxidation of the respective contact
surfaces may have a negative effect on the data ‘transmission process.

Smart card systems whose operation is mechanically contactless are

25 being deyeldped. A planar antenna connected to a chip and used for

contactless data reading and writing is integrated into the cards. Systems of

this kind are not subjected to the mechanical wearing out of the contact

surfaces. Furthermore, they have an advantage wherein the reading method

can be performed more quickly, i.e. in less than about 100 ms. Furthermore,

30 planar antenna systems of this kind are possible for labels and securing

systems for goods. Because planar antenna systems of this kind offer

numerous possibilities of apphcatlons there has been a search for

manufacturing methods approprrate to large-scale, economical and fast

production. Known techniques used in the manufacture of integrated

35  switching circuits, for example a chemical etching method, have been
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k. resistance of these printed conductive tracks is still excessively high, a metal
layer is applied with an application tool to the ink tracks. This application tool
20  follows the trace of the conductive tracks. The application tool works like a
felt pen, supplying dissolved metal, it being known that, simultaneously, an
electrical field is generated so-that an electrolytic process takes place on the
ink track.
In this method, the circuit pattern must therefore be foliowed each time
25  with the application tool. This requi'res a lot of time so that this method, even
if it has only two steps, is not appropriate 1o the large-scale production of
planar antennas.
The method described in the patent EP 0910935 also seeks to obiain
the electrolytic deposition of a copper layer on an electrically conductive .ink.
30 However, the method calls for four successive steps, two steps for the
bonding of the conductive ink (a pre-bonding step and an offset printing
deposition step} and two stéps for the deposition of copper (a first chemical
deposition step that is highly.time-consuming followed by an electrolytic
deposition step). This method is fittle suited to mass production.
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It is an aim of the present invention to provide a method for the

20 manufacture of a printed circuit, with which it is possible to obtain the
economical and speedy application of large numbers of circuils {o carrier
materials of any kind. This problem is resolved by the fact that the electricaily
conductive ink appiied by means of a gravure printing method, and that the
first deposit is immediately followed by a step for the plating of the deposited

25 ink. | } -

According to another characteristic of the invention, the plating is
made directly, by electrolytic or chemical means, on the conductive fracks
constituted by the ink. Furthermore, the ink used in the invention has high
conductivity and very low electrical resistance. It is therefore possible to’
30 deposit a minimum of plating on this ink to form the printed circuit with tracks
-about 2 to 3 pm thick. Thus, a first saving is obtained in terms of the raw
materials used. And the drying of the thin ink deposit can be easily and
quickly obtained. Ultraviolet irradiation may be used for example since the ink
deposit remains transparent for the thickness values considered. With an ink

35 cross-linkable by UV irradiation, a higher leve! of polymerisation is obtained
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according to the ifRéepiePfion will be understood more clearly from the following

description and the appended figures. These figures are given purely by way
of an indication and in no way restrict the scope -of the invention. Of the
20 figures: '
- Figure 1 is a fop view of two different models of a planar antenna
manufactured with the method according to the invention;

- Figure 2 is a top view of a printed circuit pattern of made according to
a first embodiment of the method according to the invention;

25 - Figures 3a, 3b and 3c are top views of a printed circuit pattern made
according to a second embodiment of the method according to the invention.

The method of manufacture according to the invention essentially has
two steps: in a first step, the model of the circuit to be printed 1, a planar
antenna in the case shown in figure 1, is applied to a dielectric substrate 2

30  with an electrically conductive ink.

It has turned out to be the case that the printing methods that could be
envisaged are not all equally appropriate for the application of an electrically
conductive ink. |

According to the invention, the circuit pattern Is generated by

35 electromechanical, chemical or laser etching on the gravure printing cylinder.
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In one variant, the ink may comprise conductive organic polymers. The
20 advantage of these polymers is that they are formulated in a solvent or
aqueous phase by which the rheological properties of the ink obtained can be
adjusted in order to fake it compatible especially with the gravure printing
technique. Another advantage arises from the fact that, in this variant, the ink
has no metallic charges. This contributes to a cost reduction in large-scale
25  production, and facilitates the obtaining of homogeneous ink by which the
manufacturing method can be made more reliable.
The gravure printing method is a high-speed method with which the
substrate in strip form can be imptinted at a travel speed of 100 m/minute.
The electrolytic deposition of the copper, on the contrary, is slower at about
30 10 m/minute. The track and inter-track spatial resolution is about 100 pm,
which is quite sufficient for the manufacture of planar antennas. Furthermore,
the gravure printing technique requires only a small quantity of electrically
conductive ink (5 to 10 g/m?). This quantiy is particularly smaller than that
required for printing methods such as silk-screen printing, for which it is
35 necessary to apply 50 to 100 g/m?, but it is similar to that required for offset
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manufacturing method takes place provides for economical and fast
. manufacture. Consequently, the method according to the invention is
20  particularly appropriate to the large-scale production of planar antennas or
similar circuits. |
However, a planar antenna of this kind needs to be connected to an
integrated circuit, also called a chip, to make it possible to read or write data
in a memory of this integrated circuit. _
25 A chip is small-sized, and has a small surface area of about 2 to 10
mm? Now, the tracks of the antenna are generally formed by making
concentric coils 3 in such a way that a first end 4 of the track is located at the
centre of the smallest coil and a second end 5 of this track is located outside
the biggest coil. The result is that these two ends 4 and 5 are commonly
30 separated by a distance greater than the dimensions of the chip. To be able
to connect the chip to these two erids, which form connection pads, it is
sought to bring them as close to each other as possible.
According to a first embodiment, shown in Figure 2, it is planned to
narrow the width of the tracks at each of the coils, at least locally, and bring
35  them closer to each other at this level. Thus, each coil has a first portion 6
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simlar circuits. However, a planar antenna of this kind needs to be
connected to an integrated circuit, also called a chip, to make it possible
toread or wite data in a nmenory of this integrated circuit. 25 A chip is
smal | -si zed, and has a small surface area of about 2 to 10 MW . Now, the

tra(r:]ks of t heitraatiesukawidte ggég’@??hh&l thet oee @cumk¢wigpodmmﬁnﬂ'hétsacohﬂsf3 ihn
such a way that a first_en of .t rack i t a centre of the
smal | est Zoiﬁr@@% 2 @'éecgff&) Eﬁ%"g:‘?to%?%ri go {étagﬁk&ﬁ%ﬁl \g\gtﬂ édéﬁﬁp}% (Pémnﬁﬂe

bi gges t coirmethtbethessylartioss thathet hresnght vlosenthgethemid tbisavey benawsd if 30
separated b |.8t.anc reat t rpwd Y oWy e able
t o connect ﬁ?}@og%@% &08?%@% ?%A%}E gﬁ%&sh &evwaﬁgé:% or %H‘?}oérqlnindetél[g :50%96@3@%?? is

. sought t9 bmigi ofehould 061weeThe eodetaretings suf§cieody ichiss. toanbreihagand a
first enbodi OB dHi, Fhav't S t dt h of
t he tracks gt{?@@taagﬁ of thde['ﬁ;?:gfl’| ?g,b%atgu?éeing?é?%&cgﬂe% rtafr?db%ra}wgmoﬁg@ntt\é%gn cl oser
to each ot hdhimcoptaict maydie mede, faexaeple, hagearts pEmpohaner & Betlio Nov

2005 WO 02/ 3fkad fl=TeBRIHAORS df el chid it BRIEF tdicdhRelr Batdidst Mathié hat of
a second coi l gogtlon, 7. The second Egrtlons 7 aée al so, brought closer to
each ot her. S@entNg GhiRvantenpai Will iy theB: $HBFPUNAREsRY RITESBNIe EieesE tht ought

c:c osgr wgggbﬂneétmné hn'nls ow@yvég:‘;@r&tusaniénis@iﬁo@@;@%}rﬁ&tﬁug fillr a(%\g:la bra:ﬁk vvi'gt h
of about and al so..an interx c wi, dt h. of about. pm e ends
are thus suﬁpr%g}t@ﬂﬁ‘gp Uglye P@S%aé%éégﬁ'g?osfn%'eCWﬁ@{ B%%@"C(LS'V %Y f?e“'@ﬁ?%t%y be
super i nposedniynone deatipbdiectinn, may be apphed.. In Tt sadenit meplemeyntihg ammde, for
exanpl e, by f S§ e t he
chi p i n or seneeyoelBRE! Tk EnEeRh el PRSRIRHEEIRY Aol | "7,

t hen surr ougediangoasiyedi ma ber plasmed: e hage dbisnpesicopriniadl bregrasiraant, an
ani sot rpi c ﬁ\ﬂ%j : fd r Né | [ (ACP),
whose eﬁct Piﬁcél_ g%ﬂr?gﬁ%tclsrlv?@éﬁ%ﬁ?frﬁnﬁh&%éégﬁégegﬁeﬁggpﬁaIC%gpggﬁfon, may
be appl i ed. OPErating reE@INHIC BHEPBRENt i ng an  ani sotropic paste, the
connection and pagt&eiiRd 4 dBEShMRIEMBET, fshbWRdin figurbs BanspwHdy3c,lit may be

planned to rr?)aa\//ebé rﬂlésnrpe%s%oeb%glg%gge%ogér?cysu E[oege’th(:;r‘by making a "bridge". to
bring the second end close to the vicinity of the first one. In this case, to
20 enable the second end to go above the coils, an insulating layer'8 is placed
between these tracks and the second end. In_this case, during a first run, the
first end 4, first end 4 forming an intemal pad, and an unconnected pad 5'
iuxtaposed with the internal pad 4 are formed. The second end 5 forms an
external pad and is not connected to the unconnected pad 5. The antenna 9
25 planned in this embodiment is not yet obtained. Then, the insulating layer 8 is
deposited and, finally, during a second run, the conductive bridge 10
connecting thé external pad 5 of the antenna 9 with the unconnected pad 5’
is made. The bridge 10 goes above the insulating layer 8. Thus the second
end 5 may be brought inside the smallest coil, in the vicinity of the first end 4.
30 The two runs may be made serially by means of series-mounted gravure
printing cylinders. During the second run, coils can be added to the antenna
Q. ‘ _ .
According to a third embodiment, wherein the two faces of the carrier
substrate may be used, it is planned to place a module containing the chip on
356 that side of the substrate which does not have the tracks of the printed circuit.



15 printing directly on the planar antenna, so that only the chip caﬁyﬁﬁtion
operation remains to be done. According to a second enbodi ment, sho v 2005
figures 3a,wBzamet¢8c, it nmay be planned to bring these twrGHEsRbeget her
by making a "bridge". to bring the second end close to the vicinity of the
first one. In this case, to 20 enable the second end to go above the coils,
an insulating layer 8 is placed between fghese tracks and the second end. In
this case, during a first run, the first end 4, first end 4 form ng an

internal pad, yand C ‘ " i A I +spad 4
are formed. Thelsg?g#?gsﬁg{égl '?_"%gpr@ﬂgﬁi@ g%%%gﬁoﬁgsgfégﬁdmi %@o?%ﬁl@t@d to
the unconnect é8Madnt comast aithetineiinel fienARtaNNENDINOS! Enfloriothaitiare. not
yet obtained. HEVever! s itBgHiGl NEqliRNEthat the caleBPSUbSHarNEf tid RAtdina

during a second run, the conductive bridge 1Q .connecting the external pad 5
of t hg ant ennéﬁgu\ﬁ]/i N9 ke, exeRReHEie it ﬁﬁgﬁ'@t it $@‘Hﬁ§@ye1ﬁ%§7’gm%§@t1’ﬁ°§ogs
above the 5 nsehaki ta®0 g%er 8. Thus tpe ﬁec})nd endd5 may behbrought i nsi de
the smallest coil, ,in the yicinity o - first en ..,.30, The, t wo r.uns may
bo made sori al Ly hochuEE § A dbidh Srabafiey i oftch téagetsy idtalRe

Duri ng the seeobstratanmagaaibs bansed, Hddeplahned He st perfardie Recsultnade.t o a
third embodi i t LiEer r be
used, it is BI? g%ﬁ%%ﬁ 8?%%6{1252\% 5'%1\9@8&%%@8@%& |%%%'5 ﬁ%gc%béﬂgﬁé’ﬁ cfﬁ;i?%gl de of
t he subst rat ecominumichiion beiwehawvefirshiaceraidhe sobstraie and atsedood faas of theD

021 0961085 L0h Qb Ofn2fiGfe JRAE-FEIXARR2Ee T ol k. Khashameniapi cal Ly

gripped on this face in suc Into contact wth the ends

of the antennthebpbiggna Ratamerotrdirst tace antighenenection graldicpaliaiieftBgui r es
that the carr sy URsigRéce @f fbBIVaNIRENaNipS hQUIdEpBEkede sRXARFROUSLY drhi Ck,

and that it should have a. thickne at S 5 egual to 50 pm., According to

S Four th enbotGRIEVENORAME RSHE 6. THEdBras oM HEes i diled Mt aiie Do

]ysed, :t i; pﬂhoaﬂm@eﬁbdoeliﬁ/iolfﬁe mﬁra‘rﬂrtaéesiidﬂ@f mtisdd 1éat‘Eae silbstrete ieud edated ons

ormpla t . es | ubst.r at e c ni_cation

bet ween g%fi r\g[tﬁﬁ'g%'gqg’?nt%%@es%wgpgaé?%dé%fdab%@c\gﬁg'%f Q@ecocﬂ%% aﬁ@g Sﬁﬁgt rate.

Then the per fibeainkecosebad regionts ds prlitained. Aththel hkless coegostivitydisi assured
between the first and second faces of the substrate. The pattern of the
protection circuit provides especially for bringing at least two holes of the
substrate close together.



the antenna pattern on the first face and a connection circuit pattern of
the circuit designed to receive the chip is deposited sinultaneousl yjlokdy 705
successively on the second face. The through holes are filled with ink ow ng
to the viscosity of the ink and the size of the holes. The substrate thus
coated 15 with ink is then placed in the9electrolytic bath where the
copper-coating of all the ink-covered regions is obtained. At the holes,
conductivity is* assured between the first and second faces of the-
substrate. The pattern of the protectClohiM$rcuit provides especially for _
bringing at | east two holes of the substrate close together. 0 9 NOV 2005 9

CLAIM5 1. Method for the manufacture of a printed circuit on a dielectric
carrier (2), wheteMethoad for thrumanpiadierenoi(d printedagipduitenn widielegtricetarcieri cal |y

et al parti s Peldin achaGe blch (IS EREHEL bABGA Bidciaily Kordlers8 e ! Phe
total mafs dp said cerier, ehatacterimed @ dwtrical |y conductive ink is applied by

means of a net hod i <R | AL t; ' ' | | at ed
directty on the coﬂii%g?‘ir \%H{p‘%g%r@%@?ﬁn@?%d?%%%ﬁ?ﬁ ?Eﬁ?aﬂ;f ﬂ;,\'/%?hrso(g for

t he manuf actREeeRf Dy wWsight cbihetotalunessetdiednkg@®h the claim 1,
characterized in -timd elebficelly @onbduBiid @i SpHREdTRY Mean8BsMS rAéthid of

electrically conductive in onprj si ng copper i ] yer,. gol al Ladium_ tin
or a1 oys SrEPeEhiig,ang dhe i Eamity i e afink e Pa i BBREREE L e e
ci rcui t 1@ccdratikmpristitutee by¢haink. 1, characterized. in that the ink conprises
¢onduct i ve or gani M%l%!&efo? dth%.”%aﬂ!u RS of 19 ﬁﬁ%’&dﬂﬁéﬁiy'atc}éﬁm‘}ng Bt fiad for
the manufacturee oF a printed circurt according to orie 0 e ctarns 1 to 3,
char act eri z&#gi 1t wheradirrizedatn gt itbe duviwitbyatigradsriermpetcbymears oh@mi cal

means. 5. MpAdafcAIRS coRdudiol UhRUdMSShg TopbePt SfeF] B6M, toaleBRidi B8 d/0. one
of the' cla characterized ih that the. circuit pattern-(1) is a

hms 1 %o 4,
planar ant 8HRYS OBINEGESISAENEr the manufacture of a printed circuit
accordit®g to one3ofMefhbdtfoe theamamufactioreSof. ahpridtetieciradd acootdirag tditbkectric

carrier (2) ciﬁmnﬁd&ﬁgctgﬁzed in that the ink comprises conductive organic polymers
and displays high conductivity. o

4. Method for the manufacture'of- a printed circuit according to one of

the claims-1 to 3, characterized in that the plating is done by electrolytic or
20  chemical means. :

‘5. Method for the manufacture of a printed circuit according to one of
the claims 1 to 4, characterized in that the. circuit pattern-(1) is a planar
antenna.

6. Method for the manufacture of a printed circuit according to one of

25 the claims 1 to 5, characterized in that dielé_ctric carrier (2) is made of PE,
PVC or PET, polycarbonate, ABS, epoxy or poiyim'ide, or else a sheet of
impregnated paper. '

7. Method according 1o any of the above claims, characterized in that
the plating is made with copper in an eléctrolytic bath, with a copper layer

30 thickness of up to 2 pm or more.

8. Method according fo claim 7, characterized in that the gravure
printing and the plating.are done continuously with a travelling speed for the
carrier, which is in strip form, that is over 10 m/minute.

9. Method according to any of the above claims, characterized in that

35  the circuit pattern is generated on the gravure printing cylinder by a process



PVC or PET, pol ycarbonate; ASS, epoxy or polyinde, or else a sheet of

i mpregnat ed paper. 7. Method according to any of the above claims, 09 KV 7005
characterized in that the plating.is nade.with copper in an electrolytic
bath, with a copper layer 30-thickness-of up to 2 pmor nore. 8. Met hod
according to claim?7, characterized in ftbat the gravure printing and the

pl ati ng are done continuously with a travelling speed f.or the carrier,
which is in strip form that is over 10 mmnute. 9. Method according to any

of the abovefele@itrﬁmemmowcﬁférﬁeél ématéraétchuaé the circuit patternis

3 ect ronechani oallt. B B Bp TaadhobPERT agrifef CRERR 3aCPRiny R ORamlt act ur o

of a printethetkdust1 Rcsoctiragterigedrie tiodt plaﬁed thl'cmgfshbiesoarg mebariadheri zed

ubstrat 6 | SORtREachRcH Rk 15h SuEBHSie: § Gorfed ST WCHR AR Frdehy "1

Met hod aﬁ:cog(ﬁwmgemdntihga.i m 10, characterized in that both faces are coat ed

| t |
2ccording o *onbrahiREecdin s B8 Li BeRlizBalh (hhCoiE bEM pre
| ayer of i nkoatedrsimdaneousien 10 coil nodel (9) on the substrate with an
internal pad (4)42 %eﬁi@oefo'ﬂ‘ﬂlwe ﬂ%&é&tu?&f@f éﬁanfEbo&?ﬁﬁf §g%cﬂ?9\g(§) one pl | oved

by a 'step duri n%‘?ﬁi an insulatin ep03| bet ween t he
unconnect edth§agla 1ttIS?e1 B)&Wﬁ@lﬁ”ﬁﬁ@l in “%?ﬁda first dawar afiakcnmEg 2AnoRRR ween

t he extier n%ospﬁ@d@nm)tb@th@%@ﬂ@@ﬁfeednhrﬁﬂ:mérnaﬁagd ANt &Y eRUFhH ﬁé@)(s?mth t he
sane ink as_that of the ectric

t
carrier, cHl @Pe‘f'?c‘?é’@eﬁlﬁq pad (%n{?ﬂia‘t’f@g]@’ acﬁt,l n&\e“ﬁ’ﬁgt‘ﬁﬁ'&hfrbfnﬁ%%”?ﬂ ainms 1
to 12. 14. lByenisedeposited (8)dvetereennthet onairaientetBpad handithe exierdal padf hat

this circudy ?r? tﬁﬁ%eaéol%e%klﬁﬁ%e%%ﬁqﬂg eﬁérnaﬁ)%dogn{! Qﬁemﬂﬁcﬁgcﬁéc{ cuit

according to.claim14 obj ects.
pad is made cont:guously (10} with the same ink as that of the first layer.
15 : 13. Printed circuit on a dieiectnc carrier, characterized by its

manufacture according to any of the claims 1 to 12.
14. Printed circuit accordmg to claim 13, charactenzed in that this
carcun is used as-a planar antenna.
15. Use of the printed circuit according to claim 14, as a planar
- 20 antenna in smart nomadic objects.



