1 MULTI - LAYERED FLEXI BLE PRI NTED Cl RCU T AND METHOD OF MANUFACTURE FI ELD OF
THE | NVENTI ON 5The instant invention relates to nulti-layered flexible
printed owoeuittsyesand their met hod of manufacture. BACKEROWREY 1065IBHHE

| NVENTI ON Smartcards are now used in every day's life. Sone cards
are dual interface cards or purely contact-less 10 cards, which can be read
by a card reader w thout any contact. Such cards conprise an integrated
circuit (1C chip whi chMUBTE+BAYERER| FLEXDRNECPRINTED aQIREUDTr ant enna. The
antenna is used to connunicatgﬁﬁygﬁgwg}ion WeerL & I C chip and the card
reader. 15Such antennas can u vk} i e as an el ectri cal
wire which is wound and fixed inside the card, or by building a | ayer of
nmetal on an electrically insulating flexible substrate. This |ayer can be
built by additive teéﬁﬁé@o@FegH@ué%V§§Tﬁant|ng, or substrative 20

technol ogkes such as T@ll@eml@l@lta@lttchllrrhgre@lftlras@lt aldd1G tfe@i | S0 OhmeMan-1ayered
conbi nati ons t hereof. One strives to augnent the I ength of the

antenna, for f@eariple $Fiadach GimRedve t FE rafsh SEERS &ig@aer fard Uddrd.
However, the di mensi ensxekoife everak 1Rreductbnshoul d 25 preferably not

i ncrease, for cost reasons and should even remain the sane, so as to

guar ant ee i nt er - oper BFICOR ISt Hhe OF hEFBorporfift sy ofayhe weied- Wiade
spread card-readidg ;s¥st ae1 FHBEQ%Eacéhec§§&éer&k0f1LH§BﬁnQ§Hﬁ%dHﬁﬂe§§
designed with caution, because an ill-designed antenna 30 woul d be

submi tt ed0t o Caridicor @@h@haﬂéﬂbab§5|¥%a@aéétl@lVEﬂéhdﬂ@ﬁdﬁﬁdu%%Fb@ubhéﬁbhena
between 115 {dyiscrthi shcuoul 4l asbieallLy r@ﬂU&%tfe@%aFa%@f o PRAGE: of (e

card (even with an antenna of augnented | eng
chip which is electrically connected to an RFID antenna.

The antenna is used to communicate information between the
IC chip and the card reader.

15 Such antennas can usually be provided either as an
electrical wire which is wound and fixed inside the card,
or by building a layer of metal on an electrically
insulating flexible substrate. This layer can be built by
additive technologies such as printing, or substrative

20 technologies such as chemical etching of metallic foils, or
even combinations thereof.

One strives to augment the length of the antenna,
for example so as to improve the transmission range of the
card. However, the dimensions of the overall product should

25 preferably not increase, for cost reasons and should even
remain the same, so as to guarantee inter-operability with
the other components of the world-wide spread card-reading
systems. Further, the pattern of the antenna must be
designed with caution, because an 1ill-designed antenna

30 would be submitted to and/or generate parasite capacitive
and/or inductive phenomena between its turns, which would
drastically reduce the performance of the card (even with
an antenna of augmented length).

WO 2008/081,224 already describes a flexible

35 printed <circuit having an antenna comprising tracks



WD 2008/ 081, 224 al ready describes a flexible 35 printed circuit having an
antenna conprising tracks 2 provided on both nmain faces. Although this
devi ce pewbannmiss@Bi sfactorily, one still strives to i mpcoxwe241h@s59817
performances of such products. SUMVARY OF THE I NVENTION 51t is provided a
multi-layered flexible printed circuit. The flexible printed circuit
conprises at least 2 electrically insulating flexible substrate |layers. It
further conprrsesdad lceastoth ehachrfeatby 8onduothvéhliay ey iwet pegatirmen
electrically o rl%‘f%t it\éerﬁatter ghewhi c@i co ££§e an te(l)ect.rnilpcracl) trac%ie
Theel ect ri cal1%y "Cofductivel’ayersand thé el ectricarfy insul at'itng f1 exible
substrat e | ayers camenpresy icdedusthagkedivuat sal t er nat ed fashi on. The el ectri cal
tracks of at |east 3 Ig&%%{ ically_1 ive layers are electrically
connect ed toget her tﬁ?j ug [Yr @gpé%[ﬁ 35%@9@&@1 of electrically insulating
flexible Substrate tatfoim ardRFAddntzennal tThilayantdnnal dasb 14w pandseench
adapted to be .electrically._connected to a .respectjve contact of an
Nt egrated ol Gt 208 pri gy, PTG G Scover 66T Phat Cdugirentiing the
| engt h of the lantterina ldy usimg:addiid onalestlatkedslhiayerstdi d1pgkrs. It
ntiall r he .el rical performance of the antenna.
substantia Mfuq:(:"c eardecotmpq_fl%e%(:tat (iaeaspce 3 Oelrgac':tcr%c%llty %o%c{u%tnla\'fe layers
with each an electrically <conductive pattern, which
10 comprise an electrical track.

The electrically conductive layers and the
electrically insulating flexible substrate layers are
provided stacked in alternated fashion.

The electrical tracks of at least 3 electrically

15 conductive layers are electrically connected together
through respective layers of electrically insulating
flexible substrate to form an RFID antenna. This antenna
has two ends each adapted to be electrically connected to a
respective contact of an integrated circuit.

20 Surprisingly, it was discovered that augmenting the
length of the antenna by using additional stacked layers
did not substantially degrade the electrical performance of
the antenna.

In some embodiments, one might also use one or more

25 of the features defined in the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

Other characteristics and advantages of the
invention will readily appear from the following
description of four of its embodiments, provided as a non-

30 limitative example, and of the accompanying drawings.

On the drawings

- Fig. 1 is a perspective exploded view of a smart

card according to a first embodiment,

- Fig. 2 1s a perspective exploded view of a

35 flexible printed circuit for the embodiment of Fig. 1,



In sone enbodi ments, one m ght also use one or nore 25 of the features
defined in the clains. BRI EF DESCRI PTI ON OF THE DRAW NGS O her
char act erwet2ooigisasdd advant ages of the invention will readrpr2appssi7 from
the follow ng description of four of its enbodinments, provided as a non- 30
limtative exanple, and of the acconpanyi ng drawi ngs. On the draw ngs

Fig. 1 is a perspective exploded view of a smart card according to a first
enbodi nment , - Figskig3a2 ite a3perspectpVenaxploded vieiv ofiest3s

flexible printed circuit .for the enbodinent.of Fig. 1, 3. Figs. 3a.tq 3
are planar Gt FIree “Subond TRUh v dURRACEGarEH of BRERTEATT y ThARER | ve
printed | ayérasenrsgs pectdevaliye Ifyor ficre thier Sii renb edibmenitnent, Fig. 4
is a sectional viewalong |ling IV-LV of .5 Fig. 2, of nodul. e caoopri.si

the flexible circuit of %Y. 2, ~actofditig ¥4 1 RETT r&tobhbbdl fent: LFY. 5
IS a viewcariresggndifnga tioodige 2ohpriaisgecohd eémbadbmenitcircuit of Fig.

Fig. 6 is a.vi ew CorJ.es ndi n tfo Fi.g. far a 10 third enbodinent, Figs.
7a, 7b, 7c d&re, ré)§6%‘&gip3é1 Y, %pl artar- i B first, second and third
el ectrically conducti-ve Hiayers,ifon aithi rabreredinenig @ndrig. 2 for a
Figs. 8 and 9 are schenptic views of a 15 manufacturing apparatus of these
enbodinents?econd embodiment,

- Fig. 6 1s a view corresponding to Fig. 2 for a

10 third embodiment,

- Figs. 7a, 7b, 7c are, respectively, planar views
of a first, second and third electrically conductive layers,
for a third embodiment, and

- Figs. 8 and 9 are schematic views of a

15 manufacturing apparatus of these embodiments.

On the different Figures, the same reference signs
designate like or similar elements.

DETATILED DESCRIPTION

Fig. 1 schematically shows an example of a smart

20 card 1. According to the present example, the card 1 1is
provided as an ISO-card having an ISO format. However, the
invention could also be applied to other formats of cards,
such as SIM cards, memory cards such as micro SD cards, or
cards of other formats. A module 2 is received in a cavity

25 formed by a milling process in the card body 3.

As will be described in further details, in the
case of a contact card, the module 2 comprises electrical
contacts © which are accessible to a card-reader. As will
be seen later in relation to other embodiments, the card

30 might not be a contact card. Hence, 1in other embodiments,
the module 2 may not comprise contacts 6.

Sticking to the first embodiment, the module 2
consists of an assembly of a multi-layered flexible printed
circuit 7, as can be seen on Fig. 2 according to the first

35 embodiment, and of an integrated circuit (IC) chip 8 (not



On the different Figures, the sane reference signs designate |like or
simlar elenents. DETAILED DESCRI PTION Fig. 1 schematically shows an
exanpl e olvoaosmarde320 card 1. According to the present exampbei/osdse7 card 1
is provided as an I SO-card having an |1 SO format. However, the invention
could also be applied to other formats of ,cards, such as SIM cards, nenory
cards such as mcro SD cards, or cards of other formats. A nodule 2 is
received in aicavwltey @5 frorgwed2by seam Figng {r.ocesuavdarhe gacdrbody 3.0

As will be d%sD%reirbed in furt?ser otl tails e case of .a,contact

embodiments, e Hm%yin.5hna consist on%y o%a% ethe
nodul e 2 conprises ef"8etrical° cont act's whi €h e 46c8s8ible to 3

card-reader. fAzxiidlle berseesnd | atecuiinh rel atsohtf t owbthernsentedi hentaipt e

card 30 m ght _not he.a contact_card. nce, ,i n. ot her enbodi nents, the.

onul o2 oy T e G ot e Phe srO R Pho bRl BRe R IAEYhEn ¢ he

nodul e 2 tonsihst scafd am, aggentildedfia ful td1-deyrereed ify} exothecped nted the

circuit 7, as..can. be seen on Fii%’ 2 accordi nqttt%\}1 he first 35 enbodi nent,
(1o iy

and of an integrated &t Y g8 (ot Si'bi%e on Fig. 2, see Fig.
4) . However, accordi ngst ocet hére esbedi nent §igt. he2 nodilee 21 8RYbTONSISInteR] vy
of the circuit 7 is provided as a multi-layered <circuit.
Electrically insulating flexible substrate layers are
10 stacked in alternated fashion with electrically conductive
printed layers.

The first embodiment comprises, from top to
bottom, a first electrically conductive layer 11, a first
electrically insulating flexible substrate layer 21, a

15 second electrically conductive layer 12, a second
electrically insulating flexible layer 22, a third
electrically conductive layer 13, a third electrically
insulating flexible 1layer 23 and a fourth electrically
conductive layer 14. Suitable materials for the

20 electrically insulating flexible substrate layers include
epoxy-glass, PET, PVC, polycarbonate, polyimide, paper,
synthetic paper or the 1like. The dimensions of the
electrically insulating flexible substrate layers are a
length 1 and a width w suitable to be received in the

25 cavity 4 of the card, such as for example, 13 mm x 13 mm.
The thickness t of the insulating layers is designed so as
to reduce capacitive effect between the two conductive
layers provided on each of its sides. It might depend on
the constituting material. Preferably, it will be at least

30 12 pm, such as for example, 75 pm for the case of epoxy-
glass. The maximum thickness of the insulating substrate
layers will be chosen so that the module 2 can be received
and firmly held in the cavity 4 without protruding outside
of the card after assembly, and depending on the total

35 number of layers, for example, for a card of 800 pm of



flexible printed circuit 7 itself, whereas the I1C chip 8 may not be part of
the nodul e 2, but provided el sewhere in 5 the card 1, provided it is

el ectri cavbyooionn@sted to the flexible printed circuit iPoTEPSMIlLEEBIE Way.
As can be seen on Fig. 2, the flexible printed circuit 7 is provided as a
multi-layered circuit. Electrically insulating flexible substrate |ayers
are 10 stacked in alternated fashion with electrically conductive printed

| ayers. The ﬁhﬁukmmmwdiandthanﬁn@sestﬁi&kn@ystof tiot tomtoa fof stthe

electrically cojgyct glaygé a &lrst(fleckrlcalhy |nsula5%gg:fle§]ble

substrate Iayer second electrlcdf y Fconductive Iayer a ‘'second
el ectri cal | y niamsiflaattiung rid @xadzﬂee;sl ayer 221 nay tahlsrudapelodctrremaidlyngcmdlm*td ve

| ayer 13, a t rd el ect |caII ul ati flexi | ay.er and a fo rt.h
electrical ly“ ondugkg E?éy@? &gﬁge %ﬁ%%g?gls Jﬁ%“?hé 20° Stal
electricably tuhrlsﬂdn@tslsng)f | exi lnloe ZSiIbsmmat:enl ayerso s nd udef epoxyieginads, i PET,
PVC, polycarﬁ_nate i m,de, paper, synthetic paper or the |ike. The

di mensi ons of e & & CU€§IIy insulating flexible substrate layers are a

l ength 1 and a w dt hpacsui tabéettochel yeceiarethdtitdhe 25yeavi ty141of tihe

card, such as for. e thi ckness. t. of the insulatin
ayers s dodtgHadeD T8 EOEFERGER. SapdtiI e oF ot STt thoRthETER ot
conducti ve | apans pm@m dedcenpeach iof itsrshdes. dlettal?ﬂl@ht wepend on the

constituting materi.al .. Prefer it wll, be at ast 30 12 pm such as
o exanbh o0 B iR 1o CUL U LA Bas o The e bk rATIR L Eh D P
the insul atirg substiraten layens, WiHebethegar seddatalt.he modideskcan be

received and firmy held in the cavity 4 mnthou%ﬁgrotrudlng out5|de of t he
card after a§§@ﬁﬁly?l§ﬁ8r685éﬁ&lﬁfQﬁP?W%V?oﬁﬁﬁ TP 0fPF ay

exanpl e, for wegarehof p888 RPVRer,5 such as nickel, gold, palladlum to
provide additional functions, such as corrosion registance

15 or bondability of the connection wires to the IC chip.
According to an example as shown on Fig. 2, a top
flexible printed circuit 9 is provided which comprises the
first insulating substrate layer 21 having top and bottom
main sides, and the first electrically conductive layer 11
20 provided on the top main side. Similarly, a bottom
flexible printed circuit 10 is provided which comprises the
third insulating substrate layer 23 having top and bottom
main sides, and the fourth electrically conductive layer 14
provided on its bottom main side. A core flexible printed
25 circuit 51 is provided between the top 9 and the bottom 10
flexible ©printed circuits. The core flexible printed
circuit 51 comprises the second insulating substrate layer
22 having top and bottom main sides, and the second and the
third electrically conductive layers 12, 13 provided on
30 each of these main sides. The top 9 and bottom 10 flexible
printed circuits are assembled to the core circuit 51 by an
electrically insulating adhesive material (typically glue
or epoxy-glass pre-preg) forming, respectively, the first

and third insulating substrate layers 21, 23.

35 An RFID antenna 116 (in particular HF antenna) 1is



t hi ckness, and having a thickness of the bottomof the cavity 4 of 100 pm
In order to enable a roll-to-roll manufacturing process conprising a step
of rew ndvogoay/tsasyd of nulti-layered flexible printed cipcaTmpeoriasdiset al 5
t hi ckness of up to 250 pm can be possible for the nulti-layered circuit.
Each el ectrically conductivel ayer 11-14is provided as electrically

conductive material patterned as will be described in further details

bel ow. The 10 pelceditdeiccald ytoendietiivé ematremitald canrdfwrt ex@npl enttenceppdré or

al um nium or .any,other, suitable material. .f necessary pther electrically
15 7d eCftrical 1 1-1

. 1stribut amagn the Vvariqus ,© avers d .
conductive material s can be prov?de over the base copper, §dch as nickel

gol d, pal |l adilimm tamtprrond del @ddi ¢ | omal efidact wbnsh suweh tas beoralesitonically

resi stance 15 or bondability of the connection w.r to the, l.C chip.

hocording. 0 A PSR ot To G TR AR S5 fihsk B & SR et i Vi ¢

9 is provbdednwhincta compet sesst heécticrstailnsudatiang3gsubstrat® | ajerh2kre

havi ng top and battom main _sides, and the first. electrically, conductive
G5 o f i £

|l ayer 11 20 proVit Pt HBSt 05 TRET SIS ' M tar 1YY SOBOPESMFI exiii’e
printed circui2t-140 s fymavidedi whi€hagoapri sesutheet hichd icaswalkat izeg 33,
substrate |l ayer 23 having to d bottomnmain sides, and the fourt

ol oot 1 cal |y Bondtet | SEoPayara AT pPOvraBHoan 1 & Tot EOERE n “CEABo A 6t e
fge?:ble prirﬂﬁﬂéﬁ%?HQMQpuiﬂs@ﬂaaﬁn@r@MbgfdabﬁfwegmnkhedtQne9;ﬁﬂﬂbﬁdﬁhﬂﬂ@t(ﬂn
1 exible printed circuits, The core exible printed circuit 51 .
conprise£ théQQ&ﬁﬁﬁF¥%sﬁPéFFﬁ@tgub%?¥%ﬁ% IS 25°hakt Mgt top it Hottom

mai n si des, angutlhe iseconetakdnt helthikdcehectrhenk! yoeontusd i vehdayerrs 12,
13 provided on 30 each aof these main sides. The top 9 and bottom 10

flexible pri REEF HIEUITE Hdr'e A senBlBE AT ‘e 1601 i rd B F S &n the

el ectrically dapsidiatj rg rrdhesipee vatrerdnl tWdoypi cal 'y glue or epoxy-gl ass
pre-preg) formng, respectively, the first and third insulating substrate

| ayers 21, 23. 35An REFDPatt&Rns Pe SER par thhcuISde HiF i&ftldnhgendictg ve

15 layers 11-14 is now described in relation to Figs. 3a-3d,
respectively, for the first embodiment.

Turning to Fig. 3d, the fourth electrically
conductive layer 14 comprises eight electrical connection
spots 15a-15h disposed and arranged for connection to

20 electrical connection regions of the IC chip (shown in
phantom lines on Fig. 3d), for example by gold wire
bonding, or flip-chip bonding.

As can be seen on Fig. 3d, the two ends of the
antenna are connected to the two electrical connection

25 spots 15b and 15f. The electrical connection spot 15b is
connected through a track 34a to a first electrical
connection region 17.

The electrical connection spot 15f is connected to

the track 34 which performs a plurality of turns up to a

30 second electrical connection region 18. Further, the fourth
electrically conductive layer 14 is provided with a third
19 and a fourth electrical connection regions 20, which
will be described in more details later.

The third electrically conductive layer 13 is

35 provided with a first electrical connection region 27



provided in the flexible printed circuit. The antenna 116 is distributed
anong the various electrical layers 11-14. The antenna 116 has two ends,

whi ch ar ewpaotisedesct ri cal ly connected to respective cortaapofsishe | C
chip 8. The 5 antenna conprises electrical tracks 32, 33, 34 which are
provided on the respective electrically conductive Iayers 12-14 to forma
single antenna. Hence, the tracks 32, 33, 34, are electrically connected to
one anot her wManymadﬂaugumhweﬁln@tlasetarmoglsubeheateohayegsonThé of

i nt erveni ng ]t[ d subsﬂate Ia ers s ﬁr Oc\(ljln%ee 1%%t rrlecallOrl
i nsul ati on bet Wween e ectrl%aﬁ facks”p provi de fj e nei gﬁbour d

electrlcalIyzmommpﬁnpasddnmﬂEh and BecoedueeebhelcamaCDmmeeﬁﬁ@mt&dgﬂmmen
t he two. atterns q1 h of .the ectrlc%:&%lconductlve 15
€

layers 11-14 % %ow h(?esca ebrec}4 n% | on ]’[eCtI'—rllé:sa SR CHSd &IV v for
t he first5enadiaregntsed to the HmIﬂmngleotfngalSdonhhetﬁourEbgebecﬂm(ﬁﬂIy
conductive layer .14 conpyises. eig ct .connection spots 1

G Sposed. and LF AAaT Tor CoMhet FORTED 58°Er 6 ERTe o "bRnarti SFReg o of
the 1C chip (shewpdsedphanttom lficwestor qridd)l, doemeexanpl e-day cgolab wiff e

ends of the dMbri S o donnebt B t Re Tl Tol Gt PLCAF SCBRAGEL | RIS Spot s

15b and 15f. tme telieet rdrenlf orneetlicat rspetl 156k drs czanirec tredy itdiro wgh aad
track 34§@t0&% first electrical connection regqgi.on 17 The
n

electric QY iBF SPGIRESt ST Fnéc & e & &8 ™84 whi ch perforns

a plurality of turnsagp danh and0 sseeonsh ekeglrixggl e€oaneetban rEPHrikd1
Further, the fourth electrically conductive |layer 14 is provided with a

third 19 and @Y Sellédten ddl adoith &R0 Sosyidrs 20 Saitch Wit hetnd

described i n mpierdetacksrhaber.cdheedthidnd eleglhiscakty condugbi vendayer 13
is 7 superposed to the first electrical connection region 17 of the faourth

layer 14, a $EC6Nd %% HHCEC Eohind&TRGT regiloh 28 Su dsied twi ti t e -

second el gct rirgalsc<Cymectd o d egiwan 48 of, the, | ayernddina tehivrdnelect rycal
connection region 29 5 superposed to the third electrical connection region
19 of the IaﬁgﬁcﬁélQ§&d S£OPOGELH OBl eEEFLEAF cBANekRF ont ¢&ion JY s J%gsed

to the fourthelectirdcal, conngeti oneragiens20 ofrtie- | ayge 1d.odhurther;s a

track 33 electricall connects the third and fourth electrically connection

regi ons 29 amgovided between the second and third electrical connection
regions 38, 39 and has a plurality of turns.

20 The first electrically conductive layer 11 1is
provided with electrical contacts 6a-6j, such as the
contacts o6a-6f of a six-contact ISO card, as well as six
corner contacts 6g, 67. Further first and second bridge
portions 24a, 24b are provided. The bridge portion 24b has

25 a first electrical connection region 47 and a second
electrical connection region 50 which are electrically
communicating with one another, and which are superposed,
respectively, with the first electrical connection regions
17, 27, 37 of the fourth, third, second electrically

30 conductive layers 14, 13, 12, and the fourth electrical
connection regions 20, 30, 40 of these layers. The other
bridge portion 24a has a first electrical connection region
58 which is superposed with the second electrical
connection regions 18, 28, 38 of the fourth, third, second

35 electrically conductive layers 14, 13, 12. It has a second



10 30 to one another through a plurality of turns. As can be seen
on Fig. 3b, the second electrical conductive |layer 12 also conprises first,
second, twordiandtourth el ectrical connection regions B¢I/ERS0118%s8and 40
whi ch are superposed, respectively, with the first, 17, 27, 15 the second
18, 28, the third, 19, 29 and the fourth 20, 30 electrical connection
regions of the fourth and third electrically conductive |ayers. Further,
the track 32 dlsgimoadedcbeteeehon heeseoond andhtibhr di el ecberpabedonnedt i on

regi ons 38, a qlha a. plurality of turns, 20The fir g& ctrically
Conductive | aye e SH8uPEERA L eRbabbiePr. S HoRrRcY Gt PP e & ¢ ne
contacts 6a- Gouwnfthg stkicdnt actcdrnSO ehedtrasahkl| @Esdictioar neayeont dck,s

6g, 6j. Further first and,second.,bridge portions 24a, 24b are praovided. The
001 dob porti o247 hast BECHCH 1 SCel eur] i CORRALR: 64 PEgR AT e e
second el gct Hscalndcdneatd @ aegiiom 190, whnsehl careel érewt rdrealdne tbemuniTat | ng
w th one another, and i ch are superposed, respectively, w the first

ol ect 11 cal CORRBACTGN Toghone ty 55, BS350p (RSP h2ten! 1AhD s8EonG 1]

el ectrical |y i3@lecarductriore drayernsthédr.13, 12, and the fourth el ectri cal
connection regions 20, 30, 40 of these | ayers. The other bridge portion 24a
has a first electricglaC onn®tt i RSr egF BA-BBE whi%h is%gupé?%os Hethé%ﬁ%ﬁa
second el ect lealt :G@ANAGE | @B nCEEitoRs 18ayv28, 38 ofst heufotsddedt hivsl a
second 35 electrically conductjve |layers 14, 13, 12. It ha second 8

Sl oot i Ll CORREEION S el e 5o ahi Ch T ECbahEr phREt hoT NG L Ak 26T

el ectrical campeatdfon gregitons Ehcodd, 3%rafrd hesdourtdyrdihi rdd.esacond 1y

el ectrically conductive layers 14, 13, 12. Further, the first and second

connection r &GRS B VSR Ty B9 dre ellett rildal | ¥ STREARBNED ¥ r ot G SEriSther
The contacts tGarchjs anthit he Ry iddge-pordionss@daco24bnacetal li 1 sRiated fr,om

one anot her. Each of the contact 6a,6f of the first electrically conductive
layer 11 is SESepEeEd e la CRO Y peRYt iR8 16t tirec a1 © fe SHrfde thssw S ¢iv6n

36a- 36, 126a-26fs, 16a- 16fc of ctber sesoNd, cbhhedrapd fapeth ehectniseal | yin
conductive layer 12, 13, 14, respectively. Electrical tracks (not

referenced) &% tised 4o 'Ot I Gl GiécESSaripPrdse! di%dtd caltSddinect i on
regions 1l6a-16f w thrhespeghi¥gna 116 is therefore a continuous

electrical path which is connected between the connection
regions 15f and 15b : leaving from the electrical
20 connection spot 15f of the fourth layer 14, the path is
followed to the second electrical connection region 18.
There, electrical connection is provided through the third
insulating substrate layer, through the third electrically
conductive layer 13 without contacting the track of the
25 antenna on this layer, through the second insulating
substrate layer 22, to the second electrical connection
region 38 of the second electrically conductive layer 12.
There, the electrical path is provided from the second
electrical connection region 38 to the third electrical
30 connection region 39 by the track 32 provided in this
layer. The third electrical connection region 39 of the
second electrically conductive layer 12 is in electrical
connection with the third electrical connection region 29
of the third electrically conductive layer 13 through the
35 second insulating substrate layer 22. The track 33



15 ones of the electrical connection spots 15a-15g, in particul ar those

whi ch are not connected to the antenna. The antenna 116 is
t her ef or ewa 20nmtsvevaous el ectrical path which i s connect edThrrboremsine
connection regions 15f and 15b : leaving fromthe electrical 20 connection

spot 15f of the fourth |ayer 14, the pathgJs followed to the second
el ectrical connection region 18. There, electrical connection is provided
through t he mh’iorvddemisubatin]gesuiisimchtelle@yericaﬂhryoughndhetﬁhérdlayer 23

electrically (:I%Q]dtéc \fjeattlﬁlayfeOr WI g ho ut . Cl tsyacft tthhee g Ot( fectthrelcfgL
antenna on thI's Iayer rough Te secon ulatlng Substra ayer , to
t he second admnmednﬂmmon®@3®moa9ragbomh38ﬁﬁuiﬁe séeondlehécmmnnﬁquon

conductive layer. 12.. There,, the electrigcal path ded fron1th .second
el ectri cal 5y Tt off r¥gi oht 38 16t he @ﬁlr O@F@%tr I@Ga&o medtio RISk
regi on 395by rehe or ack0 32 ipr ot dedt ticdhiys | aysen:acfbel thig d ehect rsez;azlnd

connection re f the second el ectri Il y. condu t|v 12 |
cPoocri col cemet it AN REET  Begtaht PPLat COlRect Ty PR S (he
third el ectriccaldu tderductjiore ]Jlaytefrolﬁglri hreugleddiel 3 sacandd nsidsatdang

substrate | ayer e track 33 ro ded on e third el ectrical
Comauct ve Tt LR AR Pt Y i S B e 12

el ectrical coenneetuitortdragicady 2P fioe tthfaé]@Udsf htekeahtkaab oonnedts dmfeagi on

30 of this layer._The fourt electrl connection 5 regi
SR LIS RERLL A G L i e T o ST A IS 5 S

first el ectricaldineendtedn venkayeicohli tdiraugh ddie @@ﬁ@@dti@ﬁukétyllﬂg 50
substrate | ayer 22, the second e|ectrically conductive |2¥ 12 wit hout
f

contacting tKe tisckt OfSt Hel @ntehiral bh tAPSUFRYER, 128t hélf itPsthiendui%th ng

substrate | ayalectiheligct cicgahicpatl ceatipuessfir og¥t hen secand, &t ectmical
connection region 50 of the first electrically conductive |ayer. 11 to the

first electrilcdliSy cohdGetive 1Fedilon AR 4 s tPayets Thi gt atisthigal

el ectricably comeeactiedh tiedhe fi7strelget Foeakhl?i1ecennectingy regipn cit of
the fourth electrlcall¥lconduct|ve | ayer 14 through the whole erX|bIe

printed circdiyski tifodtreihadticng ey ddrductlisv@ timd@e i Wethteah. thout
Finally, the @Reelddicd] BayhdosdRicevided: by it hent nack,34a extgadipg hetdveen

the first electrical connection region 17 and the 20 el ectrical connection
spot 15b in tHiestalisetlr i Barh| ayer provided byhdhd eétpiral 3 tdnteadted BaL%bf

are al so prowé%%ééd‘@ﬂ@ckik§§|e@%@ﬂ%nbﬁé“dﬁhd@éﬂléﬁ“&é SPeCiTVend the
el ectrical connection regions 16a-16f of the fourth electrically conductive

| ayer 1429 hr GUglF THEAdhGIa ek ePeY Atdéd 1n this electrical layer.

The electrical contacts 6a-6f are also provided in
electrical communication with the respective electrical
connection regions 1lo6a-16f of the fourth electrically
conductive layer 14 through the whole flexible printed

25 circuit, without electrical contact with the tracks of the
antenna disposed in the intervening layers.

Although the bridge portion 24b of the first
electrical layer is provided as a bridge over the antenna,
one 1s not limited to using this layer to provide such

30 electrical connection. It could alternately be provided by
any other suitable way, such as by a strap, for example.

As can be seen by the above description, the length
of the antenna has been considerably increased in a surface
of the flexible printed circuit which is 1limited to the

35 surface area of the electrical contacts, allowing for



25 circuit, wthout electrical contact with the tracks of the antenna

di sposed in the intervening | ayers. Al t hough the bridge portion
24b of thwofwrsts7@Bectrical |ayer is provided as a bri dgeTmresiiobs1ant enna,
one is not limted to using this layer to provide such 30 electrical
connection. It could alternately be proviggg by any other suitable way,
such as by a strap, for exanple. can be seen by the above
description, ilsedrergtihigf tihduantenra Elsidbeen corsiier abkgnnacrizagedd n a

surface of tq%x{kgg'bb%aprinted circuit which is limted to the 35 surface
area of the electrical contacts, allowng for 10 instance high inductance

val ue of the HF ant emrig.deépirtosy r edoesd ar eaoss sectiolkdly. vAemowo Shows: a
Cross sectio fQiN of the flexible r%nte circu m 8 fixed
]

| it 7 with
SR (BT h e e i | YRGH o bEDURAL SEOBaSt N et of

thereto. 5 This Vi
the el ectsi calHiy conductiisvestiayessidlabd it reabuly are notlepbaned that

cont puous | ayetsy 2. hauye B Tate L £L%8 SeELan, A B anal 3. o

el ectrical 1lGreonhact $18ame 8doatinhheuehi mpres shawn eheet )i ecaltl yngoanect ed
to the layer 14 (of course, the t coiresponging congection regi ons of the
| ayer 14 are S9SH at%d Fr8m one anothertt4s 8xpl APAEG above) . A%ﬁﬁﬁﬁﬂskﬁ

pl at ed throughalas25cextcerd parough b5 tdecH | exiyblre ci reui telbctihesa

| ated through hol es 25 each corr ond to one of the_electrical connection
Pt ons 1 S R o a bty QIS CHetT Pbeh neBrr PEal 1 o oM e T 4.

They are proydie@ dgeemitche Heotit-gra:f ace @r foure f e e prditesh Gidicly t
to the top face 7a. For exanple, 20 the _hole 25 which is illustrated could

correspond t GBRES Fher W EET i 2al CeBnédtifon T eyFonsREBa2 E6f, T&RT &Xiend
all the way t@dtheGoraespondiingeleetid)cal contacts of the first layer 11.

The holes 25 corresponding to the first and fourth_el ectrical connection
regions 17 and 20 wi By number of plated through holes 25 extend through
15 the flexible circuit 7. These plated through holes 25 each
correspond to one of the electrical connection regions 17-

20 and 1l6a-16f of the fourth electrically conductive layer

14. They are provided from the bottom face 7b of the

flexible printed circuit to the top face 7a. For example,

20 the hole 25 which is illustrated could correspond to one of
the electrical connection regions 1lé6a-16f, and extend all
the way to the corresponding electrical contacts of the
first layer 11. The holes 25 corresponding to the first
and fourth electrical connection regions 17 and 20 will

25 also extend according to this same depth, for electrical
connection to the bridge 24b. The holes corresponding to
the regions 18 and 19 extend to the bridge portion 24a, but
are not shorted since the regions 58 and 59 are insulated
from one another.

30 Alternatively, other electrical connection means
than plated through holes could be used to electrically
connect together electrical tracks of two or more layers
separated by at least one layer of insulating material.

The pattern which has been described in relation to

35 Figs. 3a-3d is illustrative only.



25 al so extend according to this same depth, for electrical connection to
the bridge 24b. The hol es corresponding to the regions 18 and 19 extend to
t he bri dgwoportvisa¥324a, but are not shorted since the regrmpiadsmnd 59 are
i nsul ated fromone another. 30Alternatively, other electrical connection
means than plated through holes coul d be y?ed to electrically connect
together electrical tracks of two or nore Tayers separated by at | east one
| ayer of insulating magerifalnowlhevpeat t 2r sewbndhehbsdbeentdescr ddxible

relation to 35Fiir1%§e'd %al-IB%ii s7i | ucsotrr tni v Oor)EItkP/e. iln%ent.o AFCiC% ) o

shows a second enbodiment of ‘a ¥1exibie printed Ci reuit7 adcordi ngg[oothe
i nvention. Act¢drdiemgpcatcdontehmits ermbedineentto aonrpdried tt entideel ifarst, esrodiarent ,
t he core er>%i bl e printed circuit. 51 .has 5qeen rem%ved. This 5 fl exi q%le

printed circdi'tt can e Providded A THe assemdld of 5t of FANE of a Bbtt om
10 fl exi bbe prliendied eciprduities] chheuiap ddrexieblwe qariidatde ch scitteuids seat ifyoro £
exanpl e conprise the assenbly of the first 11 and second 12 .el ectricall
conductive | &yer® o ?ﬂg ggc&ngxitﬁsciﬂ aﬁnél%bér?a%l%%r C16 <At SThg|hey
bottom print edrci foatibld pcainted exanplie conprise &éhemphér dompsulsat igrg
substrate | ayer 23 carrying. the third d fourth electrically conductive
| ayers 13 andStA™ eséytjt wgChtﬁ rcf:ﬁntsst CZL::L bé &S s il byl%an &G Tapicd 1Y
nmeans, such asdfdrctexanple /s ngn anhel estphaakhyuilasuhat isn®sadhesi Ve vk
material (typical]l | ue or epoxy-glass pre-preq) farmng the second .
"sul ati b | dyer e BT SRR B R h R Rk T Bt rentoT e
flexible prined wiieliinshBceoidi agotorihe Layent pancahe§ondi rget aHiE
enbodi ment, conpared to the second enbodjnment, the 20 first electrically

conductive | Loprddd Gl TSt ivh St Gig Sudstiste 1oyl 24 have Sséen

removed. Thi sufd exi&bei | hedpei Hewidnaad iyt |dnPespr eybdedmasinkhe such
assenbly of the top 9 and_the bottom 10 flexible printed_circuits, The top

f1exibl e prifedt@f r CHRPAEN FOF ExaRpl oK Ligiri % et PRELaS s BRbIAFSHS fe

second el gct pigaldiyico 1éye1 ) ayeneladr t@@o@c@mséng@baﬁ&eg)smnﬁage
| ayer 22 and the third electrically conductive layer 13. The bottom printed
circuit 10 cadmS Gecorshplie deripiidsd awse #<senmbly of the third insul ating

substrate layer 23 ampdqof 4 heof oUnths3@ electy i cabdyikondusti e d1ayean k4.

These two circuits can be assenbl ed by any suitabl e neans, such as for

exanpl e usi n@ra e sHewYidl detarqcediy g Asultas ng vadiesince Merc&ridding to
(typically gliyg Or cRBOXYMEhRSS nsdH&Y) to the second embodiment, the

20 first electrically conductive layer 11 and the first
insulating substrate layer 21 have been removed. This
flexible printed circuit can still be provided as the
assembly of the top 9 and the bottom 10 flexible printed
circuits. The top flexible printed circuit can for example

25 comprise the assembly of the second electrically conductive
layer 12, the second insulating substrate layer 22 and the
third electrically conductive layer 13. The bottom printed
circuit 10 can for example comprise the assembly of the
third insulating substrate layer 23 and of the fourth

30 electrically conductive layer 14. These two circuits can be
assembled by any suitable means, such as for example using
a not shown electrically insulating adhesive material
(typically glue or epoxy-glass pre-preqg).

According to this third embodiment, the flexible

35 printed circuit 7 is not provided with any contact. It is



According to this third enbodinent, the flexible 35 printed circuit 7 is
not provided with any contact. It is 12 therefore provided as a purely
cont act | ewe 20awd7698s can be seen on Figs. 7a-7c, the el ectrmpreah/opmit er ns
provi ded for each |ayer can be the same as these for the first enbodi nent.
The main difference is that the electrical,5 connection regions 16a-16f to
the contacts are renoved, as well as the e‘?ectri cal tracks connecting these
regi ons w t h thieeredfomree gpendidegl elsect uwad 1 ycammactdtdresspatesrd.o tAwe cn e As
menti oned abaqve, thne pri dge7gqr7ti on,24b feoul d. be reg]ggged by an itfabl e

S
means, such as a4 s rapliﬁb havi rclg 10"% wo c%%rnle%?llo porﬂn%n 57 d§ carried

by an i nsul atdangy sulastarat b2 W chtheverdames tadwe tohade 3Xof tdhe | &derstl2.

A simlar strap 49a replaces the. brid ortion.24a_w th, however .the

el ectri cal reeéri%&%jgmoeél% 'SQ%SﬁsuT%Jf%d l%gfrﬁoroer{lecean&tshera%SA%%%r GG Ho Gt

anot her ebfbodionerictimoet showns theafidSttonshéatbngasubstrrat ecrayed,2hbs

coul d be added .so as to pr.ot eccti tge top .nost el ectrically conductive |ayer
o

t
12, if necesdary. % r &5, syl ec,ontnﬁec%tl&? ot T F1%exi bl
printed circuHes & r Aol ichd e provi dedl asoshowni 20 epoFsgto5,the tdrayt. t he
first electrically canductive |ayer 11. . Any of the above descri bed
enbodi ments &Sul Hyeﬁlé:]'r?éﬁ# a@?jt?rv d usti]hr?g @otﬁtqgr%o@éjgr/té@n-t -@eelcme}sees.
As schenmat i caldpy sshewb oy gsuBsalel dranefact ushog appar atuspd 3 925 rean e
provi ded ich coggri ses.an unw ndi ng ation 44 of flexible material. 45,

5
and a rew ndi§ statRBn" 48" whiCH e n% rthe fFeki bPe mat efl al 48 rovidded

fromthe unwWsiag astcaticond4rafdverr Ihandldirg dhsox andd nhecaldyA8.12A A
plurality of such apparatus can rovided, with 30 different_handling

b
cells 48 whisotiiadch BEREPnESiTs] §oOFFEF midid | BF TS s B 16 t Aba prideys.

For exanpl e, HRedexibd ecsubstiiate 4%4diomn assemndl yiwdu pi el eebbincaldey
i nsul ati ng substrate and one netal foil on one or each of its main faces,

which is pas%@tthﬁrrough a phot o-exposure 35 process in the handling cells
48, followed by a cheWealting to yet another embodiment, not shown, the

first insulating substrate layer 21 could be added so as to
protect the top most electrically conductive layer 12, if
necessary. In such case, for example, the top and bottom
flexible printed circuits 9, 10 could be provided as shown

20 on Fig. 5, without the first electrically conductive layer
11.

Any of the above described embodiments could be
manufactured using continuous reel-to-reel processes. As
schematically shown on Fig. 8, a manufacturing apparatus 43

25 can be provided which comprises an unwinding station 44 of
flexible material 45, and a rewinding station 46 which
rewinds the flexible material 45 ©provided from the
unwinding station 44 after handling by a handling cell 48.
A plurality of such apparatus can be provided, with

30 different handling cells 48, which each continuously
perform different steps of the process. For example, the
flexible substrate 45 1is an assembly of an electrically
insulating substrate and one metal foil on one or each of
its main faces, which is passed through a photo-exposure

35 process in the handling cells 48, followed by a chemical-



13 etching process so as to provide the suitable patterns. For exanple, the
core layer 51 of the first enbodi nent is manufactured this way. As shown on
Fig. 9, twebamd7éh31 which is to 5 provide the core cir egirter2di1089310e
precisely assenbled to a top band 109 and a bottom band 110,

si nul taneously, or one after the other, by,using suitable insulating
adhesive material (typically glue or epoxy-glass pre-preg). The top and
bott om bands eetroélifr@r mew c@ss sasserdy ites rofovingultatd regn itGiiniet eratalerared For
unpatterned ext ern rr%a The alsserrbl)éll S Perfor mf?d RE eferably with .a

am Bod men 1s
preci si on of Savo @t 5 pm or°9ess (a 3chi fe- @nd transvérse directiony.
The band 152 nfeorufed tagcchehassernbl.y of the bands 109, 151 and 110 is
rewound. Then, plate thrg h hol es..15 ar,e fgr |n tg% sw;1
| ocations, so as to &ectriEAl IS conrvect t ogether’The elact FI'és t]r%clgso

provi ded ®n tphe;vliaiyeertme THhire b:armbu]ftZ Marcdrhér l;ﬂertarnzﬂle,d asmeanbsuem |t6t]’ a

photo-exposu roc I ch a tchi.n 0cess S0 as

P ovide o SuI RO e Hes 1T € hEoBEpEr RAPSo0 Lt ST RATPREEUE 1o has ohe
possi bl e han@lﬂt@g: cehks @ﬂl@éuﬂe et e@tsrmgpl atingbtel | snsolasit® deprsiitvegol d
to the contacts, for e band can then be epar tedtoipnto

i ndi vi dual e zf)}eréé’rgralcﬁlﬁ’ &5 rﬂrec?p&%ycﬂ]tasgs FEA T

enbodi ment s abevebat eomelatred t ora duadmdant @gf@@%e&wld,es ef hawmting
contacts @nd ant 621,531 connected to thg sanme chiip, it could also be ﬁrov.i ded
ort

a hybri d' Qar §od&d o"thetFnben Leghérte e lant ehRa PSSEBRAECtE to
one chip, an@etﬂf@ze@aiaﬁéfé@a@npt herhchd pprd3@isidn of about 75 um or

less (machine- and transverse direction).
The band 152 formed as the assembly of the bands
109, 151 and 110 is rewound. Then, plated through holes

15 are formed in the suitable locations, so as to electrically
connect together the electrical tracks provided on the
layers. This band 152 can then be handled in a similar
photo-exposure process followed by a chemical etching
process so as to provide a suitable pattern on the external

20 metallic faces. Other possible handling cells include
electro-plating <cells so as to deposit gold to the
contacts, for example.

The band can then be separated into individual
multi-layered flexible printed circuits.

25 Although some embodiments above are related to a
dual interface <card, i.e. having contacts and antenna
connected to the same chip, it could also be provided a
hybrid card according to the invention, where the antenna
is connected to one chip, and the contacts to another chip.

30



CLAI M5 1. Aflexible printed circuit conprising at |east 2
electrically insulating flexible substrate |ayers (21-23), 5 and at |east 3
el ectri cavbyooiorndesst i ve | ayers (11-14) each with an el eecrirpadiipssonducti ve
pattern conprising an electrical track (31-34), wherein the
electrically conductive layers and the elegtrically insulating flexible
substrate layers are 10 provided stacked in alternated fashion,

wher ei nel ectrical tracksof atl east3 el ect€L.AaMEY conductive | ayers are

el ectrically connected together through respective |ayers of electrically
insulating flexible substrate to forma RFID antenna (116) 15 having two
ends (15b, 15f), each .adaptled il deeleeid iccaldw auieetied i = riespactd ve

contact of an_.integrated circuit.. ... 2. Flexible printed gircuit
accor di ng t o SHo ThLER 1 {HEF L Ligd sFHE 1R FUCerBarri daMFy S nd 2 g
f1 exi bl e subsincate: | syesd 21) stackedcovey epadetectei caklky s20Qaardugt iasesh
| ayer (12). 3., Fl exi bl rinted circuit t accordin% to claim 2,

further conpridithg 38 f SR EIEct c NP ISoridiet iRAE Usyer Fstiaéked over

said third eleaddcaldly dsw atiing4hl,exi bl e substrate |ayer (21).
254. Fl exible printed circuit according to any of claipns 1. to 3, wherein an
external el ectrical | YP€dRdtctife §45/er: tohpry seehelrett Yf caPYeoAt &8s the

(6a-6f) adaptaddiaikelalectiigaldyicont acdedhbby apupxternal cardreadals
some of said electrical contacts al so bekgg adapted to be 30 electrically

connect el t o P Fese t507€ kedhtldc 2 1o T et dgrsdtédcircuit. S. Flexible

printed circuit accofgicnRgit,0 Claie®4ical tracks of at least 3
electrically conductive layers are electrically connected
together through respective layers of electrically
insulating flexible substrate to form a RFID antenna (116)

15 having two ends (1b5b, 15f), each adapted to be electrically
connected to a resgpective contact of an integrated circuit.

2. Flexible printed circuit according to claim 1,
further comprising a third electrically insulating flexible
substrate layer (21) stacked over one electrically

20 conductive layer (12).

3. Flexible printed circuit t according to claim 2,
further comprising a fourth electrically conductive layer
(11) stacked over said third electrically insulating
flexible substrate layer (21).

25 4, Flexible printed circuit according to any of
claims 1 to 3, wherein an external electrically conductive
layer comprises electrical contacts (6a-6f) adapted to be
electrically contacted by an external card reader, some of
said electrical —contacts also being adapted to Dbe

30 electrically connected to a respective contact of an
integrated circuit.

5. Flexible printed circuit according to claim 4
wherein said electrical <contacts are adapted to be
electrically connected to a respective contact of an

35 integrated circuit through at least one of said layers of



wherein said electrical contacts are adapted to be electrically connected
to a respective contact of an 35 integrated circuit through at |east one of
sai d | ayewe 20f1/154@3el ectrical ly insulating flexi bl e subgtraireo1(1239s23) .

6. Flexible printed circuit according to any of clains 1 to 5 wherein at

| east one of said electrically insulating,flexible substrate layers (21,
23) is a double- 5 sided | ayer having two opposite main sides, wherein 2 of
sai d el ectri cdldotrdanrdugst iveulayens (f1kxik2el 3ubd)t rarte paEtlt-er3ied on a

respective one of said ”a#fexigfe andthFreln one track .of o ne of _sai q%Z

Uit _ac d
el ectrically conductive |layers 1s &l'e trlcaﬁ%y connécted“to? one Y tFack <
the other 10 cdfaised dl 2tel ect rilcatd yn conduebisve drayeo s Ehndu@ie&ﬂﬂcmhmd
sai d double sjded | a

t hrough hol e .(25 r.QVvi i

xSl ot A BT AR (SEOrH rig TS G of STT5P Mol 1828, Lfindr slirode™

| east On65in&ﬂknﬁﬂlBiﬁeﬁ5hebéﬁgrﬂﬁai|ypp@@ﬁ“€tmmén|aMEk¥(12whéf@1mS2|Qﬁﬁted
bet ween two reno | ectr.icall con |ve | aye (1 14)., i further
conpri si ng arr %l cFﬁ C rlggﬂ thF8H }ngaggéar?o g?%ctr%%éﬁ?kﬁ%inwﬁﬁﬁ to
one anot her @ﬂﬁjkﬂﬁﬁkiObnea£h:mﬁspﬁﬂﬂiﬁeMjoheWUbE ekﬁﬁirmaahlysﬁ@ﬁﬁuc&hﬂﬁ

| ayers through at .20 | east t tervenin ele rlcaII ulat erX|bIe
Substrat o | AgBEE St T JuIE RarH T o hodRafle Cerdetraarty To ot

| ayer wit houtlaq/ieQGst i < ad 1 &/c 10t HCT n@o@rlfkycté@.cko obnsaidatnt @Eﬁ&dﬂeatcﬁ:her

el ectric & conductéve Iayﬁ%. , | exi bl e rlnted circui
according %ny W25 €l a CfIHGailﬁheﬁ%7 tW%%st oherdf & F8ug a

el ectricall ymet%qllagtemgtﬁﬁ@z@kbl Bosubsrat e dayelsd (24- 24) dl slomde fgiemat

| east one of epoly gl ass, PET, PVC, polycarbonate, polyimde, paper or

synt hetic pa

7. Flexible printed circuit according to any of
claims 1 to o, wherein at least one intermediate
15 electrically conductive layer (12, 13) is located between
two remote electrically conductive layers (11, 14), and
further comprising an electrical connection (25) adapted to
electrically connect to one another one track of each of
said two remote electrically conductive layers through at
20 least two intervening electrically insulating flexible
substrate layers and through said intermediate electrically
conductive layer without electrically contacting any track
of said intermediate electrically conductive layer.
8. Flexible printed circuit according to any of
25 claims 1 to 7 wherein at least one of said electrically
insulating flexible substrate layers (21-24) is made from
at least one of epoxy-glass, PET, PVC, polycarbonate,
polyimide, paper or synthetic paper.
9. Flexible printed circuit according to any of
30 claims 1 to 8, wherein at least one, and preferably all
electrically insulating flexible substrate layers has a
thickness of at least 12 micrometers (um) and/or wherein
the thickness of the whole flexible printed circuit is at
most 250 pm.

35 10.A module comprising a flexible printed circuit



9. Flexible printed circuit according to any of 30 clains 1 to 8, wherein
at |l east one, and preferably all electrically insulating flexible substrate
| ayer s hawsoaotinisedosess of at |east 12 microneters (pn) @od/Epeorfossse’ n t he

t hi ckness of the whole flexible printed circuit is at nbst 250 pm 3510. A
nodul e conprising a flexible printed circupt 16 according to any of clains
1to 9, and an integrated circuit (8) having at | east two contacts each
connect ed toaxacespect i ve emdy (k5b, clbfinsof lsaia &nt eand (di6)intkgkated

fl exi bl e card(.1) conprijsi a. nodul e, 5_accordin o claim 10. 12. A
et hod of  MeCTRCeT |1 ST - aybraat  Faxi bPB"BF TR sdo Fegreoted b
conprising: a respectiae pmavidiShg dtSfl)east s2iel ectuancal | (L licnsul ating
flexible substrate I%Xers(Z%-ZS% ?nd at kfasglg 10 el ectr.ically conductive
layers (11-13) each with anTefacttfcalidf Tondl ti\ﬁ?%ﬁﬁ%ﬁiqg'co%prﬂgﬁﬁbE%n
el ectricab trackrding to claim l)0.stacking in alternated fashion the
electrically conductive | ayers and the electrically insulati flexible 15
substrate |ayers, 1272 m%sh%?ecpﬁ(xﬂq%Pﬁﬁﬁﬁ%%¥”%g ?oggPﬂe ee& tal
tracks (31-34)1cafitdte lpedsttcdl eliectuiitcaldmprdceridiwct i ve | ayers through

respective layers of electrically insulating flexjble substrate tao farm an
RET D ant enna { 116) hav! 16 TUsTH6 efds. Cath e adhptor T e B betrTa Ay 10
connected to fag:@specti yebeoniast ohvarsi ntegrat®d, cimedit.at least 3

10 electrically conductive layers (11-13) each with an
electrically conductive pattern comprising an electrical
track,

b) stacking in alternated fashion the electrically
conductive layers and the electrically insulating flexible

15 substrate layers,

c) electrically connecting together electrical
tracks (31-34) of at least 3 electrically conductive layers
through respective layers of electrically insulating
flexible substrate to form an RFID antenna (116) having two

20 ends each adapted to be electrically connected to a
respective contact of an integrated circuit.

13.Method according to claim 12, wherein a)
providing comprises providing electrically insulating
flexible substrate layers, carrying respective electrically

25 conductive layers.

14.Method according to claim 13, wherein a)
providing comprises manufacturing electrically insulating
flexible substrate layers carrying regpective electrically
conductive layers in a continuous roll-to-roll process.

30 15.Method according to any of claims 12 to 14,
wherein b) stacking comprises adhering flexible printed
circuits (9, 10) to one another.

16.Method according to any of claims 12 to 15,
wherein c¢) electrically connecting comprises electrically

35 connecting 2 electrically conductive layers carried on



13. Met hod according to claim 12, wherein a) providing conprises providing
electrically insulating flexible substrate |ayers, carrying respective

el ectri cavbyomseedaduct i ve | ayers. 14. Met hod aecwomPemg/ss1T! ai m
13, wherein a) providing conprises manufacturing electrically insulating
flexible substrate |ayers carrying respective electrically conductive

| ayers in a continuous roll-to-roll process. 30 15. Method according to any
of clainms 12 dppob,tewherigi nsbjest atkangedenprises ladhersiuig thilngxifileex igrlient ed
circuits (9, 1 t o.one another,.16. Met hod according tq of. clainms 12 to
15, wherein ¢ uc%’)e Y&t ca ?{/e%onr%gétoiul\ﬁ/gl cosrf%)lrclgseg?gFg(r: rciagg}él y ]§*5gucoanr£ﬁlencq[i ng
2 el ectri cal Ifl ecomduc tauoes tirayter 9 aganT ibed aome tEA iopposittre utkl modicde 50f. an
electrically insulating flexible substrate |ayer through said electrically
insulating flexible substrate |ayer by a netalized through hole (25).



