-8 DEC 2 005 | Method for connecting a chip to an antenna in a contactl ess
smart card radio frequency identification device 5 Technical field This

i nvention concerns the field relating to radio- frequency identificgﬁggﬁzﬂ5
devices (RFID) , notably using smart cards and nore specifically a og
for connecting a chip to the antenna of an RFID device of contactless snart
card type. 10 Prior art RFID devices incldding contactl ess smart cards,
contactless tickets, and smart | abels have becone extrenely wi despread in
recent year '@RQY .fhelr L _cards, I.ds
have becone%F% .spgﬁ%§§F§%¥%§€§5$ﬂé %%%6 g?e%é.gﬁ'géﬁargéﬁﬁ Fégﬁékég f%due
to the fact that, smartagard gpdie freaueadivt iigientifdeadficourdsvidge ch nake
contact wth an appropriate reader (e.g. bank and tel ephone cards), the
new cards can be used w thout any physical contact with 20 their reader.
The exchange of information between the contactless card or hybrid

cont act -g¢ontaethhess 1candi1and the associ ated reader is acconplished by
renote el ectromagnetic coupling between an antepna integrated into the,
contact| ess card ahdSa %%%%%ng% SNV obhfed i T hé§ | FR of¥@t°to
create, storeegnénchr acess:ific-dtdat makivenest h&Rradnd iSoeqgui pped g hsaaehi p
whi ch is connected to _the antenna. Thfranteng$%isfgenerall% .l ocated on a
dielectric 565§8rﬁn§33§?ﬁ ﬁﬁ%ﬁﬂ'%?%ﬁi%r?amé ?s 5a58"8F 148 %ds Thide the
devel opnment tbé mangnotherf 3@ &PPID catviiers gqfossirblaet lkeors exaanl e;atdetype.
devel oppent of the electronic wallet can be nmentioned. In the
transportation sector, smart cards have been devel oped as a neans of paying
hi ghway t ol Esiand2zé subscription cards. For occasional travelers, RFID

type tickets are aksp pogsibbes Atig¥EALSng contactless smart cards,

contactless tickets, and smart labels have become extremely

widespread in recent years. Above and beyond their use as
15 credit cards, smart cards have become indispensable tools in

many areas. This growth 1s largely due to the fact that, in

addition to the traditional use of cards which make contact

with an appropriate reader ({(e.g. bank and telephone cards),

the new cards can be used without any physical contact with
20 their reader.

The exchange of infcrmation between the contactless card
or hybrid contact-contactless card and the associated reader
is accomplished by remote electromagnetic coupling between an
antenna integrated into the contactless card and a second

25 antenna located in the reader. In order to create, store and
process the informaticon, the card is equipped with a chip
which is connected to the antenna. The antenna is generally
located on a dielectric support made of plastic material. This
ease of use has made the development ¢f many other

30 applications possible. For example, the develcpment of the
electronic wallet can be mentioned. In the transportation
sector, smart cards have been developed as a means of paving
highway tolls and as subscription cards. For occasional
travelers, RFID type tickets are alsc possible. At events,

35 smart cards can ke used by supporters as a season ticket for

venues. For security applications, many companies have set up



35 smart cards can be used by supporters as a season ticket for venues. For
security applications, many conpani es have set up - 8 DEC 2005 2 systens for
staff identification based on | SO contactless smart cards. An inpocry . 05
limtation to the devel opnment of smart cards and particularly contactle g
smart cards and contactless 5 tickets is their cost price. In order for
this support to be widely distributed, thé cost price nust be as |ow as
possi ble. Reducing this price requires that the nmaterials used to make the

card body b ex Si nd. : | on._costs he wer.
particul arl ;%yjbsflt%zrisrrpﬁggyi %ga%—ﬁe Jffia%?%lc]g{(?%ﬁf%lr‘ ocr:beassseeés. D?‘O ﬁ%g n%?%%%%%%%
to RFID devivegti melrgdiong a "Flip Chip" assenbly characterized by a direct

onto the antennaA%nqrdgnoazt]aﬁltv"ilrﬂﬂgatﬁwit%'ecﬁe?fcﬁé\fﬁdaﬁ?egﬂg%fC%Q?tt abhe

antennas of an chip antenna are based on the tec . Thi's techni que
is connectigdd ofatfid CHigF sy actiVe & dess suistttat 246 cortd astorbacheess

ol der teo "\WirgeBandingthuhichosengirst-ed irh hongingstherehisp'ss; | Ve, shde
to the substrate and wiri ngr(ﬁl’ to the antenna. The "Flip Chip” "assenb] ¥
' e.

techni que i HélFGde's Feur™ g Stp<£° 0 R IfekiiP cHi TontAet3S byessib
pol yneri zat ireRiv@fingmedlad 4 | gai t@nrequeensectHdtg the shtPri@lthesear &S make

antenna r Queh - SOLct, oLt De.ghL P BrEonLact Wk e LA, Coniet s,

lower, particularly by simplifying the fabrication processes.

10 The methods used to connect chips tc the antennas of an
RFID device including a chip and antenna are based on the
"Flip Chip" assembly techniqgue. This technique is
characterized by a direct connection of the chip's active side
onte the antenna and its substrate, in contrast to the older

15 wiring technique referred to "Wire Bonding"™ which consisted in
bonding the chip's passive side to the substrate and wiring it
Lo the antenna. j

The "Flip Chip" assembkly technique includes four major
steps:

20 - making chip contacts by polymerization or
metallization,

- connecting the chip to the caxd's antenna through
contact of the chip's contacts with the antenna contacts,

- filling the empty space Dbetween the chip and the

25 antenna support with an adhesive dielectric material.

A variety of wvariants exist depending on the type of
contacts used.

For alloy-based {tin/lead) contacts, the chip is placed
on the antenna's contacts and the assembly is heated to obtain

36 a soldered connection.

As far as gold contacts are concerned, placed in
accordance with the modified "Wire Bonding" technique, the
chip 1is connected to the antenna by a gold/gold thermosonic
connection.

35 For conductive adhesive polymer-based contacts, the chip
is placed on the antenna's contacts on which was first placed

an adhesive conductor opposite the «chips contacts. The



25 antenna support with an adhesive dielectric material. A variety of
variants exi st depending on the type of contacts used. For all oy-based
(tin/lead) contacts, the chip is placed on the antenna's contacts_g@gcﬁmﬁ
assenbly is heated to obtain 30 a soldered connection. As far as gol
contacts are concerned, placed in accordance with the nodified "Wre

Bondi ng" technique, the chipis connected to the antenna by a gol d/gold

t hernosoni ¢ connection. 35 For conductive adhesi ve pol yner-based contacts,

the chip isgpl.aged an the antennass. co ts.an i fir st . ..an
adhesi ve congugtqrqbppo§?§% t % cﬁ?p%ﬁcgkggctgg fhe3§Q§%%§i9%3%5cg$§§§gﬁ%$y
i s then heatéfeisavér-der to pol ymerize the conductive adhesive. Regardless

of the variant usedarhessFldd (e Ba tigehnigue, requives ancaddi tional; que
mandat ory step whi ch consists in 5 placing a conductive glue on the antenna
contacts prF6AUEE SFosiali oy tirdachi fra Gie SRyentiail y rdhdust i ve
epoxy/ sifveplakueg Thi soghuetSviapl 4fhes ohheced eghkieealh connest & on hetween
the chip and the antenna, \Wen suc glu i s ysed, howeyer, the polyner
mixture  10PRGSE 168 ICR0SEDF nRRUE  Th &S ¢ FoLiE | ki H@“F%aﬁwri%d ARG ve
heati ng or Up¥xyr/adilatiron.glhe. usehak sughisa gsueplnelades taenunbescofical
dr awbacks. cgheegk&%% %E%m:%&#tﬁﬁa%ﬂﬁf ¥§QF|%%§dj“Ihe need to polynerize

t he gl ue resurtsSm coAisumng ener gy due ot ee%eé?Fﬁb'or 15 U. V. radiation
and al so require¥hehe |ppr oprigdtve efui peent . hosotcher thawpadkmes thakture
certain teri.al S in _t te syppard_ngnuf act uci 0CeS ec
deforneé@ah§ES%hzg%e§gc$%iéqggfggna??gﬁ can Fiéu t fﬁfcg%sq%ﬁB?H%§a§?§hngge
Still anot h&padiagacek U-d -t FadididrPt-he conductive gl ue

The use of such a glue includes a number of drawbacks.
The first drawback is energy-related. The need to polymerize
the glue results in consuming energy due to the heating or

I35 U.V. radiation and also requires the appropriate eguipment.

Another drawback 1is that certain materials used in the
antenna support manufacturing process become deformed when
heated. This deformation can result in cuts on the antenna.

Still another drawback 1s that when the conductive glue

20 is placed on the antenna's contacts and the chip positioned,
the glue tends to run which can lead to short circuits.

These last two drawbacks can result 1in significant
production losses which considerably increase the cost price
cf contactless smart cards, contactless tickets and RFID

25 devices in general.

This is why another technigque described in French patent
application 2.778.308 consists in burying the chip's
connection terminals in the not yet dry conductive ink of the
antenna's contacts. Unfortunately, this technigque prevents

30 continuocus implementation cf the card’'s manufacturing process
insofar as the use of damp ink requires the silk-screened ink
application process to take place in line and practically at

the same time when the chip is connected to the card.

35 Digclosure of the invention

The purpose o©f the invention 1is to mitigate these

drawbacks by providing a simplified method for connecting



20 is placed on the antenna's contacts and the chip positioned, the glue
tends to run which can lead to short circuits. These |last two drawbacks can
result in significant production |osses which considerably increasglEihe]);
cost price of contactless smart cards, contactless tickets and RFID 25
devices in general. This is why another technique described in French patent
application 2.778.308 consists in burying4the chip's connection termnals
in the not yet dry conductive ink of the antenna's contacts. Unfortunately,

this techni que jrevents, 30,¢0BLLAUOUS: | BReMENM Al ion ofnott%%lgafé'ﬁtactless
h f da S t%e

manuf acturing process 1nsofar as the use of np ink requiré
si | k- screené@dhik Cappl i CatFonc process tewake plhec I 1iaE id pF agbhfEal| y

at the samytd nBwhendhe Lhighds connect agr 10y ther sar 8. + 33D seh osuie g, of
the invention The purpose of the invention is to mtigate these drawbacks
by providing a siinpl i +188"hePRod- T4t E6RABEEENG - "8 TBRE 1005 #OCRieSS ¢ t fie

antennassﬁf dREl;Dtﬂﬁ\é thﬁr;ta][c'tﬂi'ﬁéﬁs/ m%%&mﬁanﬁﬁé k@ﬁﬂrﬁgv‘wﬁﬁﬁ?rﬂ@lﬁﬁe nehd
require the contribuytion o ner.qy i_ich enabl es good manufacturin
FRGenti on”th e

outputs to BETaH; - Th8"AY&Rti on-thus *B6REEFNS ?hoErFBFegonnEE?Pﬂg
a b5 chip tecadattiact | sk smardn candeantesngpbavi ngadef ofmeklfe @t le and

non- el ast i ¢ contacts. d e antenna bel ng, UINLEC 4isi 0g. - copdugtLye Lpk on an
antenna support rade Of defor habl e and “'hon-€l astic matefial " i s pfocess
i ncl udes the steps rofsitigrogiaiont nghthe pelvivg decovi ded abthacbat aeds nedea of

a 10 nqp- defQrnmbl & mter i ah-eRithe anteppa SUPAROLY s bhat the t%%rt: ﬁghé

are facing the contacts of the antenna, and - exerting a pressure on

chip so thatHeddf f ot Yeformihe ahtEmmaSupport A the antenna
contacts as a resuwdcrafidheapresssiieret be stppordhigndsbherant ernpa 18hip's
contacts na%%%%égggyéggggmdgkgrg%wégkfﬁéfgpéﬁ? g% r%%% antenna contacts
as a result of the pressure, the support and the antenna
i5 contacts maintaining their deformation after the exerted
pressure has bkeen released, thus enabling a maximum contact
surface to be obtained between the chip's contacts and the
antenna contacts.
According to a preferred embodiment, the process includes
20 an additicnal step which consists in placing an adhesive
dielectric material on the antenna support between the
contacts of said antenna, prior to the chip positicning step,
in order to maintain the chip in fixed position in relation to
the support.
25

Brief description of the drawings

The purposes, objects and characteristics of the
invention will beccme more apparent frem the following
description when taken in conjunction with the accompanying

30 drawings in which:

Figure 1 represents a front view of the chip after chip
connection placement step.

Figure 2 represents a front view of the antenna support
and the antenna after the dielectric material deposit step.

35 Figure 3 represents a front view of the antenna support

after the chip positioning step.



pressure has been rel eased, thus enabling a maxi num contact surface to be
obt ai ned between the chip's contacts and the antenna contacts. According to
a preferred enbodi ment, the process includes 20 an additional step wh 295
consists in placing an adhesive dielectric material on the antenna suppo q
between the contacts of said antenna, prior to the chip positioning step,
in order to maintain the chip in fixed poSition in relation to the support.
25 Bri ef description of the drawi ngs The purposes, objects and
characteristics. t |nv ntlon i.l.l bheconme nore apparent fromthe

f ol | owi ng £23:13kd Meads St che MR AL with the accompanying 30
drawi ngs i n whi cliheFilgurses 1stepr eseriths and rtond wtemr@inghéochﬂnzaIMEenthbp

connection placenent 51 ep, , FgUERC2 JrEResel s A {1 AN Viaw gl Jf he, ant e

support e antenna ielFectric mater dep03|t step
Figure 3 re@hé@erhos Jasfﬁf@ﬁﬂ:eﬁleéweéf itrhef e enna - sdpper tchmt@aytﬂv@ oshanSO

positioniNgssLeR. cady DE@o%QQéﬁ [t %A;ﬁdbge%crdrpltﬁ 0p:0ofsrine JNvenhlon; The
first step of the method accord |n to tthe invention consists in naking the

chi p's conné€fi Gy tais ht’rls%@amn%ypeacoeraﬁsti@Sﬁs oPgfcesent™d i ACPFgtEE 12

This chip mayczbenade | 3@ SnsmmddrSanshl Howaverizilt ey beca ehiprof wrl kee

di mensions for portable_ ticket pe cont tless obj ect The contacts 12
are made of 2RGHYGefdr %%bﬂ F#é %Yeé?ﬁﬁ %ﬁefﬁéa ﬁ%t@ﬁ?%ﬁ%ﬁaiﬁ

of the chi pshZbey aMﬁs$éeEehabbyscmnncabelmadshage mdheseicantaats 1maythes

nmade by, talllzat hi cas Lhe contacts,are made of an alloy
whi ch nagEbe 3° EI?Fea % éé% hese%%%ntacfs may g 3 bgﬁl(aé oF X go# g a

tln/lead alloy. These contacts may also be made of gold.
According to another embodiment, the contacts may be obtained
by peolymerization. In this case, the contacts are made of a
concductive polymer.
135 The antenna support is shown in figure 2. This support 16
is made of a non-elastic deformable material. It is preferably
a fibrcous material capable of being deformed and which retains
this deformation. According to a preferred embodiment, the
antenna support is made of paper. The antenna is printed using
20 conductive ink. Silk screening is the preferable printing
process. Two contacts 18 are alsoc made to connect the chip and
the antenna. The cconductive ink used i1s preferably a polymer
ink loaded with conductive elements such as silver, copper and
carbon. An adhesive dielectric material 20 is placed on the
25 antenna suppeort 16, between the antenna's two contacts 18.
This adhesgive material is applied before the chip is placed on
the support, unlike the traditicnal "Flip Chip" process in
which the adhesive is applied once the chip is connected. This
step is thus much easier to perform and output is much better.
30 The adhesgive i1s an epexy resin or cyanocacrylate glue.

Once the ink forming the contacts 18 is dry and the
adhesive material has been applied, the chip is positioned on
the antenna support so that the chip's contacts are opposite
the antenna's contacts. Presgsure 1is exerted on the chip 10 so

35 that the chip's «c¢ontacts 12 cause deformation of the
suppert 16 and antenna contacts 18 as shown in figure 3. This

deformation 1is in the form of an imprint whose inner surface



Accordi ng to anot her enbodi nent, the contacts may be obtained by

polyneri zation. In this case, the contacts are made of a conductive

pol ymer. 15 The antenna support is shown in figure 2. This support -1BpE( 205
made of a non-elastic deformable material. It is preferably a fibrous

mat eri al capabl e of being deforned and which retains this deformation.
According to a preferred embodi nent, the ®antenna support is nade of paper.
The antenna is printed using 20 conductive ink. Silk screeni ng is the

pref erabl e Lng ., proce Two, ¢ cts re.also mad t o _connect the
chip and t‘ﬁ Frll?ennta %ggéﬁ ucstul‘r\?fgacﬁenk usgcg1 i sc%rr]é?%?%blf e%%f:g%r ﬁ}hk
| oaded wi t htcbadusthee ehements suckazspsiiieer, cooppet brdweear bdre ddnip's

adhesive diglectpic material (20 i phasedonihhe 25 antenna suanords 16, o

bet ween the antenna's two contacts 18 hi s adhesive naterial 1s app
before the @RkpTEE pracedcobn SR Guppdie OALEREathewbiali thapak "\ ghe

Chi p" prﬁceﬁp%BrtV‘*ﬂEChaéﬂ?g adhesk-¥qnpne apphi ednorGgsthe i pyis jcopnechpd.
This step is thus nuch easier to perform and out is much better. 30 The

adhesi ve i sCaRdepbxyer ddin oF EREncHNASI® Jg‘?uetgé‘%e titte THKSFHRAPNG Stk

contacts 18né6 eby ratdideco aghestverngt aailalsthas hoem appih edhet hyddird S
posi tioned on e antenn sup[rJLort sQ .that the Chl s. cont z%_%s are opeors%ft
the antennal$ E& %%u § RPIEAGHEF oh 'fﬁ‘é cHPF1G LERR

chip's contﬁl@é5saﬁpoauseedeéoanﬁub@nuef mbherisdpparh 46 @E@eantenna contacts

18 as shown in fj ure .. Thi_s ef is.in f or,m of _an i

whose |Ir§)ner suran%e - %e atzoﬂg th{neg?bﬁggskl%ee’o %@?de d;huer ace 4%@%“0
contacts 12nakariky. 2Pnspriidsnamiercavisere tlse cemighre penfbate cofit &éte bstigeen
the chip's ,coptagt %héZ c%@lqam% Co_trtd%dé’eeﬁ%l@é the £eRLagts,38 UkaL1y

maxi mum cont act surface. The material_ which nmakes up the 5 support 16 be| ng
def or mabl e RRAEWABRA- eF &St i €h&§ Wel | 38 t Hde cotehRtide $HRPDFLt héScomt acis

18, these tyRepaberitaksetieriric contact between the chip and the antenna

15 - to be reinforced.

This method thus does away with the need to use
conductive glue to improve the electric contact between the
chip and the antenna. It also does away with the need to use
energy, noctably heat energy, to polymerize this glue.

20 Owing to the method according to the invention, it is
possible to use antenna supports made of materials which are
habitually disregarded due to their poor heat resistance
properties.

Furthermore, the connection between the chip and the

25 antenna is reinforced. The near perfect assembly between the
chip and the antenna support and the large contact surface
limit the risk of <c¢hip-antenna connection breakage. The

quality of the card is thus improved.



not to return to their original shape even when the pressure is released.
This is particularly true when the nmaterial of the support 16 is a fIE %Mﬁ
mat erial such as paper. 10 As a result of the pressure, the adhesi ved
dielectric material 20 spreads and covers the entire surface of the chip
between the contacts. It thus enables the nechani cal assenbly between the
chip 10 and the antenna support 16 - and thereby the electric contact
between the chip and the antenna 15 - to be reinforced. This nethod thus
does away with the need to use conductive glue to inprove the electric
contact between the chip and the anterxrms It al so does away with the need
to use energy, notably heat energy, to polynerize this glue. 20 Ovng to
the nethod according to the invention, it is possible to use antenna

supports nade of1 mat ekicabs Féb onakerihqhi tarabl Y10j stegas dededte 0 4 heir
poor heat resistance properties. Furthernore, the connection between the
chip and t HON25EARERNERATS r 67 FF orto®6. 4?&9Qﬂﬁﬁeqﬁéﬁ$%cfu%%§éﬁbF?tﬁ%%meen

the chip apd it-Derant@nngy SUPRDS tardNdnt Qﬁtéﬂag%lggaaa&ﬁ aSlér%@B?t Lidwit the
ri sk of chip-antenna connection breakage. The “quality of e card Is thus

i nproved. -maleDEE 20HH MALCEAl VB 1elagtiet hbrbfays m@hﬁeml,ngﬁaadchpp?r@m_) to an
At enna Of aci@ahaClae et oral L LiPe, Ladl o | susny Lagpl Tagat | on

devi ce featurlng a chip and an ant enna place on a su
def or mabl e,elneniel asid wh:fqhbra:rus peterddal ysisa obcamemmae flaat wn ngpigbnt act s

(18) which are also de aqgﬁfon- el astic agd whi ch are printed using
conducti ve THESh" s&F Bgrfnc 3 ELRGH 8% Phdi ng the steps of: -
posi tioning the chigsi(thi@hipgovhdednin t i ©onsastigedl) thmedacobea (12)
non-def ormabl e material, on said antenna support so
made of a non-deformable material, on said antenna support so
that said chip contacts are facing the contacts (18) of the
antenna, and
- exXerting a pressure on said chip so that said contacts
deform said support and said antenna contacts as a result of
the pressure, the support and said antenna contacts maintaining
their deformation after the pressure exerted is released, thus

enabling a maximum contact surface to be obtained between the

chip's contacts and the antenna contacts.

2. The method according to claim 1 in which said fibrous

material is paper.

3. The method according to¢ any one of claims 1 or 2, in
which an adhesive dielectric material (20) is placed on s=aid
support (16) between the connections (18) of said antenna,
before the chip is positioned, so as to maintain said chip (10)

in a fixed position relative to the support.

4. The method according to any one of claims 1 to 3, in
which the contacts of the <chip (12) are obtained Dby

metallization.



that said chip contacts are facing the contacts (18) of the antenna, and -
exerting a pressure on said chip so that said contacts deform said support
and said antenna contacts as a result of the pressure, the support- il Hajd
antenna contacts maintaining their deformation after the pressure exerted
is released, thus enabling a maxi mum contact surface to be obtai ned between
the <chip's contacts and the antenna coatacts. 2. The nethod according to
claim1l in which said fibrous material is paper. 3. The nmethod according to
any one of clainms | or 2, in which an adhesive dielectric material (20) is
placed on said supp tmethol betveeing e copnesk ofisc(abys of sai4, ani enna,
before the chip is_positioned, so as to maintain said chip glo) |n a flxed
posi tion reW%&qnuaqhﬁ t KEPEAPHOr tOF 4. tAthe FRIFhod 1@dcofdfng OPb2 &M

claims 1 topdymleRiz¥Pi&h the contacts of the chip (12) are obtalned by

metal lization. - 8 DEC 2005 8 5. The nethod according to any one of clains 1
to 4, in which the contacts of the chip (12) are obtained by

pol ymeri zati on. ng..t t ai in
whi ch t he contacts g& m%gﬁgﬁQmﬁﬁ%g?ﬁgr306%1 gﬁt%ke Qﬁ &$§%J%ﬁ%ﬁﬁg od
accordi ng twehizy tbok tdwetgotevicdushel| diips (1N amdnqdnlsaldlmuﬁhapna IS obten ned
by screen printing techniques using said conductive ink. 8. The nethod
according to any of the previous clainms in which the adhesive dielectric
material (20) app) imef methbe acddreing suppofF tof( 6p pBedi ®ARQAGKHY| aie gl ue.

which said antenna is obtained by screen printing techniques

using said conductive ink.

8. The method according to any of the previocus claims in
which the adhesive dielectric material (20) applied to the

antenna support (16} is a cyanoacrylate glue.



