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A METHOD OF MANUFACTURING A CONTACTLESS SMART
CARD
“The invention relates to the manufacture of smart
5 carda, and more particularly cards capable of operating
without contact by means of an antenna integrated into
the card. This term “contactless card” will refer on
the one hand to carde which can commnicate with the
outside only by means of the antenna, and alsc and in
10 'particular mixed caxds which can communicate with the
outpide either by means oflthe antenna or by means of
conventicnal standardised contacté.
Such cards aré. intended to perfoxrm various
operations, such as, for exam@le,_banking operations,
15 telephone communications, identification operations,
debiting operationa or recharging units of account, and
all kinds of operations which can take place either by
inserting the card into a reader or at a distance by
| electromagnetic coupling (in principle of the inductive
20 type) between a transmission/reception terminal and a
card placed in the area of action of this terminal.
Contactless cards must preferably  have
standardised dimenéions identical to those of
conventional smart cards provided with contacts, This
25 iz obviously particularly essential for mixed cards,
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and 1is desirable for cards operating solely without

- contacts. | _

o The usual standard ISO 7810 defines a card 85 mm

_ long, 54 mm wide and 0.76 mm thick. The contacts fit

5 flush at well defined positions on the surface of the
card.

These standards impose severe constraints in
manufacture. The very slight thickness of the card is
in particular a major constraint, and more severe still

10 for contactleés cards than for cards simply provided
with contacts, since it ias necessary toc provide for the
incorporatioh of an antenna in the card.

The technical problems which are posed are

~ problems of positioning the antenna with respect to the

185 card, psince the antepna occupies almost “the entire

surface of the card, problems of positioning the

integrated circuit module (comprising the.chip and'iﬁs

contacts) which provides the electronic functicnihg of

the carg, and'problems of precision and re1iabi1ity of

20 the connection between the module and the antemna;

. finally, constraints of mechanical behaviours,

reliability and manufacturing cost must be taken into
account.

The aim of the invention is to propose a

25 manufacturing method which as far as possible resolves
the various constraints of sizing, manufac;urﬁng
pPrecision, mechanical behaviour and more generally
reliabjlity, cost and efficiency of manufacture of the
card.
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. f‘or this purpose, according to the invention, a
‘method of manufacturing a smart card including the
following steps is proposed: _ '

- assembling sheets of plastic material placed

§ one on top of the other, enclosing in the.
superimposition an antenna having two conductive access
areas; F

- opening up a cavity 'in a top face.of the
assembly, and revéaling the ‘conductive accesg areas at

10 the time of this opening; |
' - banding an electronic module in the cavity, the
module having, on its bottom face, turned towards the
inside of the cavity, conductive surfaces coming into
electrical contact with the conductive access areas of

15 the antemna. .

' The conductive access areas of the antenna will
preferably consiat of the ends, covered with conductive
glue, of an antenpa conductor. This conductive glue
will in principle be deposited after opening the
20 cavity, but it could alse be deéosited between two
| phases of a rollirig carried out in several passes.
Preferably, the assemply of sheets includes a
sheet provided with perforations coming above the ends
of the antenna, the perforations being revealed when

25 the cavity is opened up and the conductive glﬁe being
deposited in these perforations. _

As will be seen, the electronic module can be of
a s;i.ngie-face or double-face type and, in the latter
case, provision can advantageously be made for this to

30 be a double-face circuit without a contact via between
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the —t—v;o faces, with wires welded between the chip and
'_the conductors of the two faces. Whatever the design
of the module, provision is preferably made for. the
cavity to define a housing in the shape of the module,

5 go that conductdré of the module are flush with the top
surface of the card and thus constitute the access
contacts to tha smart card.

The antenna conductor is preferably a conductor
printed- on an insulating sheet, but it can also consist

10 of a coiled wire enclosed in the assembly of sheets of
plastic material.
| Other characterigstics and advantages of the
invention will emerge from a reading of the following
- detailed description given with reference to the
15 accompanying drawings, in which: _

- Figures 1 to 5 depict the successive operations
of the method according to the invenﬁion in one
embodiment ;

- Figure 6 depicts the constitution of a double-

20 face electronic modyle without conductive #ias betwaen
. the two faces; | |

- Figures 7 to 9 depict the method according to
the invention in a gecond emhodiment, _ |

In general terms, contactless chip cards 'will. be

25 produced by bonding (hot or cold rolling) sheets of
| plastic materjal in which the antenna conductor will
have bheen inserted or interposed, and then openirng up a
cavity in the assembled =sheets in order to create
therein a houing for an integrated circuit module, or

30 for completing a housing already partially created, and
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fittirig the module so that two conductive areas of the

- module come  into electrical contact with two ends of

the antenna conductor, either directly or more usually
by means of a conductive glue.

Figures 1 to 5 depict a first embodiment of the
method according to the invention.

The starting point is several sheets of plastic
fnaterial, here four sheets 10, 20, 30, 40, which are
pl-aced-one on top of the other by hot or cold rolling
in order to' connect them together. It would be
possible to use only two or three sheets placed on top
of each other, as will be seen later. The rolling
operation consigts in preseing the sheets £flat one
against the other in the pregence o¢f any binding

‘substances between the sheeta. Cutting the carxd -to

standardised dimensions can be done either before or
after the rolling operation, preferably after.

The sheet 10, underneath the stack, constitutes a
rear cladding of the smart card.

The sheet 20 carries a printed circuit antenna
22, i.e. a conductor deposited and etched, or screen-
printed, on the sheet. The antenna 22 in general makes
several turns, following the -external périphery of the
card, in order to cut an electromagnetic flux which is

. 38 great as possgible. The antenna has two ends 24 and

26 slightly spaced apart from each other. The spacing
is chosen according to the conductive areas of the
electronic module which will be inserted im the card.

The sheet 30 preferably has two perforations 34

and 36 each situated above a respective end, 24, 26, of

NeS22 P.7/16
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the antenna, The electrical contact between the

- antenna and the integrated circuit wmodule will take

place through these perforations.

Finally, the sheet 40 constitutes a front face

cladding of the chip (Figure 1).

The zrolling operation forms, from the four
gheets, a wafer of plastic material 50 in which there
are enclosed the-antenna 22 and its ends - 24, 26, the
1a€§er*being underneath the perforations 34, 36 (Figure
2) . _' ‘

A cavity 52 is then hollowed out, having the
general shape of the electronic module which it will be
necegsary to insert therein, the depth of the cavity
being such that the external access contacts of the

module, which will bscome the accesa contacts of the

card for insertion into a reader with contacts, are

‘flush with the top surface of the ‘wafer. In the
general case, the cavity has the shape of a double bowl
with twa flat bottoms, one of the bottoms, 54, being
less deep, the other, 56, being deéper. The less deep
part - arrives above the ends 24 and 26, whilst the
deeper part is situated entirely between the ends.

The cavity jia preferably formed by two successive
mllllng operations. After formation of the cavity, the
ends 24 and 26 of the antenna conductor are accessible
through the perforations 34 and 36; this means that the
depth of the bottom 54 is at least sufficient to pierce
the entire thickness of the sheet 40 and reach the
sheet 30 and its perforations (Figure 3).

Ne522 P.8/16

e ——— A ——



v 25.NOV.1999 16:3S G+ SCE PROP INDUS 8442366343

10

15

20

25

3

" Then a drop of conductive glue 60, 62 is

'prefera,bly placed in each of the perforat:.ons 34 and

36. The ends of the antenna thus covered const:.tute
the conductive areas of acceas to the antenna (Figure
4).

Then the electronic module M containing the
integrated cirecuit providing the electronic functioning
of the smaxt caxd is positioned. This module can be a
single-face' printed circuit module or 'a double-face
printed circuit module; and in the latter c¢ase it can
have two poesible configurations, which will be dealt
with later. A module M is depicted in Figure 4 above
the cavity B52. In this example it is a case of a

double-face pripted circuit module having top
‘conductors 70 on the face which will be tutned towards
the outside of the cavity and bottom conductors 72 on

the face which will be turned towards the i_nside of the

cavity. The conductors are formed on an insulating

sheet and conductive vias connect the .top and bottom
conductors. A chip embedded in a protective resin 74
is mounted on the bottom face and connected to the
conductors 72 (and thereby to the conductors 70). |
The module fits in the cavity 52, which has been

machined to its dimensions. - Figure 5 shows the module:

mounted in the ecard. Two  conductive areas of the
bottom face of the module, disposed just above the ends

24, 26 of the antepna, are electrically connected to

these two ends by virtue of the conductive glue present
in the perforations 34 and 36.

NesSzZ2 P.9716
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The conductive glue holds the module in place,

"but it is also possible to envisage a supplementary

holding by a non-conductive glue deposited on. the
bottom of the cavity or on the bottom £face of the
module ouytside the places reserved for contact with the
antenna enda. An anisotropic . cenductive glue,
conducting perpendicularly to the layer of glue but not
parallel to the layer, can also be used for preventing
short-e@ircuits between certain electrical parts of the
module or of the antenna which muét not be connected
together. This agnisotropic glue could be deposited
both in the perforations 34, 36 and in the remainder of
the cavity 52 without any special precautions.

The method can alsoc be used easgily with a gingle-
face integrated circuit module., In thig _ca’ée,- the chip
is deposited on a metallic grid whose top face will
constitute the access contacts of the smé.rt -card and
whose bottom f£face, turned towards the antenna .ends,'
will allow the con.nect-ion wiﬁh these ends by means of
the conductive glue.: This wmetallic grid will in

- general be covered, on the bottom side, with an

insulating sheet, The insulating sheet is perforated
where contact must be made with the antenna, the other
conductive parts of the ‘bottom face of the grid

- preferably being protected either by this insulating

sheet or by the protective resin of the chip.

In a particularly advantageous - variant
embodiment, the module consists of a double-face
printed circuit carrying the integrated circuit chip,
but this double-face circuit is produced without a

NO522 P.18/16



- —— &
.

£5.NUY, 1999  1lbidd

>3

H

10

15

20

25

30

G+ SCE PROP INDUS 8442366343

ccnd{l—étive via between the conductors of the two faces,

" which makes it leps expensive.

Figure 6 depicts in detail the design of such a
double-face module ‘without a via. The module comprises
an insulating sheet 80 with first conductors 70
depogited and etched on its top face (the external face
when the module is placed in the card), and second
conductors 72 deposited apd etched on the bottom face.
The first conductors will serve as access contacts of
the amért card, The second are intended to pfovide the
comnection of the chip with the antenna. The
integrated-circuit chip 82 is glued to the bottom face
and is connected by wires welded on the one hand
directly to conductors on the bottom face and on the

'other hand, through openings in the insulating sheet,

to the rear of the conductors 70 on the top face.

~ More precisely, two welded connecting wires start
from the chip and end at two conductors 72 on the
bottom face, thege conductors being intended to be
connected to the ends of the antemna. Only ome of
these wires, 84, 1la depicted in Figure 6. And other
connecting wires start from the chip and are welded to
the rear of the conductors 70 on the top face with a
view to producing the accesses to the ca‘rd. in a
contactleas reader. Only one of these welded wires,
B6, is depicted in Figure 6.

- The example embodiment described in. Figures; 1 to
€ uses a rolling of four sheets of plastic material. |
It will be understood that the sheets 10 and 20 can be
replaced by a single sheet 20, possibly thicker, and

Nos22 P.11/16
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likew;r-i:ée the shéets 30 and 40 can be replaced by a

- single sheet 30, possibly thicker. In the latter casé;

the perforations 34 and 36 arxe flush with the surface

~of the rolled wafer 50; the perforations are then

revealed whatever the depth of the bottom 54 of the

- cavity.

In another variant embodiment, the depositions of
conductive glue 60 and 62 can be made before gluing the

top sheet 40 onto the sheet 30, but after gluing the

sheet 30 onto the sheet 20. The rolling takes place in
this case in two passes, the deposition of glue being
made between the two passes. The glue is then enclosed
in the perforations 34 and 36 and is bared when the

cavity 52 is machined. It is then possible, if
'desired, to place a measure of glue on the pexforations

34 apd 36 already filled with glue, before fitting the
electronic module.

~ In another variant embodiment, depicted in Figure
7, provision is made for an anti-adherent substance to
be placed between two sheets of the assenmbly in the
reglion provided for the cavity so as to prevent bonding

of the two sheets in thig region and to facilitate the

removal of material in this region when the cavity is
opened; one of the sheets is the one which carries the

~antenna so that the opening in the cavity bares the

antenna ends.. More precisely, the top sheet 30 does
not have perforations 34 and 36 but has, above the
cavity 52, this anti-adherent substance 850 which will
prevent the bonding of the sheet 30 to the ends of the
antenna. After rolling, the plastic of the shéet 30 is

NeSz22 P.12716
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- gcaled where it is not adherent, baring the contacts
and partly establisghing the cavity 52 (Figure 8).

The definitive shape of the cavity can be
obtained by machining, notably in order to define a
deeper part. A drop of conductive glue can then be
deposited on the ends of the antenna conductor before
gluing the module (Figure é),

Finally, in certain cases, it may be preferred to
use an-antenna made of a coiled wire rather than an

antenna printed on an ingulating sheet. In this case,.
tlie cajled antenna Is pressed against a sheet of

plastic material sgimilar to the sheet 20 and is thus
encloged in the smart card during the hot or cold

rolling. Perforations such as 34 and 36 can be

provided in the sheet 30, but are not obligatory since

it is possible to make provision for the ends of the
coil antemna to be bared during the operation of

machining the cavity. This solution is in fact
possible because the coiled wire is thicker than the
printed conductor and it is therefore possible to limit
the machining when the wife is bared. A drop of
conductive glue can then be deposited on the bared wire
ends before fitting the electronic module.

No522 P.13/16
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1. A method of manufacturing a amart . card

10

15

20

25

ineluding the following steps:
- assembling gheets of plastic material (10, 20,
30, 40) placed one on top of the other, enclosing -in

the . superimposition an antenna (22) having two

- conductive access areas (60, 24; 62, 26);

~ = opening up a cavity (52) in a top face of the

assembly, and revealing the conductive access areas. at
the time of this. cpening;

- bonding an electronic module (M) in the cavity,

the ﬁ\odule having, on its bottom face, turned towards

the inside of the cavity, conductive suxrfaces (72)

‘coming into electrical contact with the’ conductive

access areas of the antenna.
2. A manufacturing method according to Claim 1,
characterised in that the conductive access areas of

the antenna consist of two conductive ends (24, 26) of

the antenna covered with conductive glue (60, 62).

-3, A mailufacturing method according to Claim 2,
characterised in that the conductive glue is deposited
on t:he' ends of the antenna after opening up of the
cavity. ' . |

4. A manufadturing method according to one of
Claims 2 and 3, characterised in that the agsembly of
sheets includes a sheet (30) provided with perforations
(34, 36) coming above the ends of the antenna, the
perforations being revealed when the cavity is opened

S - e o Sapet i ORISR
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up al—';d conductive glue (60, 62) being deposited in

~ these pexforationms,

5. A manufacturing method according to Claim 2,
characterised in that the assembly includes at least
one sheet (20) carrying the conductive antenna (22), a

" gheet (30) provided with perforations (34, 36) above

the ends (24, 26) of the antenna, and a top closure
sheet (40), in that first of all the first two sheets
(20, 30) are assembled, conductive glue is deposited in
the perforations, and the third sheet (40) ia
assembled, and then, when the cavity is opened up, the
conductive glue is revealed, and the electronic module
is fitted. .

6. A manufacturing method ‘according to one of

Claims 1 to 5, characterised in that theé electronic

moduyle (M} has an integrated circuit chip (82) and' a
double-face printed circuit without coﬁauct:ive vias
between the two faces, the double-face circﬁit having
an insulating sheet (B'O) carrying, on one face, first
conductors (76)’ intended to serve as access contacts of
the smart card and on the -other face second conductors

(72) intended to be connected to the antenna,

- connecting wires (86) being welded between the chip and

the first conductors (70) through perforated areas of

~the insulating sheet and other comnecting wires (84)

being welded between the chip and the second conductors
(72) without passing through the insulating sheet.

| . 7. A manufacturing method according to one of
Claims 1 'to 6, characterised in that the antenna is

NoS22 P.15/16 N
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produced in the form of a conductor printed on one of

' the sheets of plastic material (20) of the assembly.

8. A manufactu:cjing method according to one of
Claima 1 to 6, characterised in that the antenna is
produced in the form of a coiled wire,

9. A manufacturing method according to Claim 1,
characterised in that an anti-adherent substance (90)
is placed between two sheets of the assembly in the
regien prdvided for the cavity so as to prevent the
bonding of the two sheets in this region and facilitate
the removal of material in this region when the cavity
is opened up, ome of the sheets carrying the antenma so

that the opening up of the cavity bares the antenna

ends.




