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A method of manufacturing an electronic device having a
chip and/or an antenna, and a device obtained by
implementing the method .

The present invention relates to a method of
manufacturing an electronic device having a chip and/or
an antenna, such as a contactless or hybrid or label
chip card, said electronic device including at least
one decorative sheet having an apparent outer face, and
at least one interface comprising an antenna.

A chip card or "smart card" generally comprises:
firstly a chip or chip module which is contained at
least in part in an insulating substrate, e.g. a layer
of thermoplastics material, and which is connected to a
planar antenna constituting an interface; and secondly
two decorative outer sheets which - are made of a
thermoplastics material and are disposed on either face

of the chip card, and which can bear inscriptions or
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logos. Where applicable, a protective film or
"overlay", such as a varnish, covers the outer sheets.

Currently, the antennas used for contactless cards
are of types.

A first type of such an antenna is formed on a
specific intermediate backing sheet by copper etching
using the printed circuit technique. It 1is then
inserted between a protective outer sheet and the chip
or module. The chip card is generally obtained by
rolling or injection-molding during which the wvarious
sheets of thermoplastics material are bonded together
and/or to the substrate.

Such an intermediate antenna backing sheet
generates extra thickness of about 130 microns, which
makes it difficult to comply with the maximum thickness
of 840 microns set by the relevant ISO Standard.

In addition, forming the antenna on the
intermediate backing sheet constitutes an additional
manufacturing step, which increases the manufacturing
cost from the point of view both of materials and of
time. Furthermore etching the antenna remains quite a
costly operation. |

" A second type of such an antenna is constituted by

a copper winding in air, the ends of the winding being

connected to a chip or a module. The winding-and-

module or winding-and-chip assembly ig referred to as a
"transponder”.

In order to manufacture the card, the transponder

is inserted between at least two thermoplastics sheets,
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or between two thermoplastics sheets and then embedded
in an adhesive, and the resulting assembly is then
rolled for rolling purposes. The difficulty of using
such transponders for manufacturing cards of the
"contactless" type arises £from the handling problems
encountered for picking up the transponders and
depositing them accurately on the sheets of plastic.

That problem lengthens the manufactufing cycle
times.

The problem that lies behind the invention is to
provide a contactless or hybrid chip card that is lower
in cost while also offering good performance.

Among the antenna-forming techniques that are
léwer in cost, screen-printing using conductive ink is
also known.- Unfortunately, that technique is 1ill-
suited for the field of chip cards, in particular
contactless c¢hip cards. Ink-drying and ' undulation
problems arise.

The available inks dry at about 150°C, which is
incompatible with the materials commonly used in the
field of chip cards, such as PVC and ABS which have
softening temperatures of about 60°C,.

Other materials, such as PC and PET have higher
softening temperatures, 1in the range approximately
120°C to 130°C, that are still lower than the optimum
drying temperature of such inks. = However, those
materials are more costly than PVC and ABS.

Screen printing on thin films or sheets of

thickness less than about 600 um and on the materials



of chip carxds also poses problems of surface undulation
that is visible to the naked eye. Such undulations can
be seen on the back of such a sheet, unaer the turns,
and they constitute an appearance defect.

5 In addition, in order to make high-performance
antennas, it 1is necessary to have the best possible
conductivity that can be obtained in particular by
using wider turns and provided that good drying is
achieved.

10 The problem 1is that the area available for an
antenna is limited because of the presence of an area
reserved for embossing.

Furthermore, once such inks have dried, they do
not all have sufficient bending strength compatible

15 with the Standards applicable to chip cards.

Because of the above-mentioned difficulties, the
trend is not to use screen printing in the field of
chip cards, 4in particular for forming  conductor
circuits having good conductivity on thin filwms, such

W 20 as high-performance antennas.

An object of the invention is therefore to
mitigate the above-mentioned drawbacks in order to make
a chip and/or antenna electronic device that is low in
cost.

25 To this end, the present invention provides a
method of manufacturing an electronic¢ device having a
chip and/or an antenna, such as a contactless or hybrid
or label chip card, said electronic device including at

least one decorative sheet having an apparent outer
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face, and at least one interface including an antenna,
said method including the following step, in which the
antenna is formed on that face of the decorative sheet
which is opposite its apparent outer face by screen-
printing using a conductive ink.

This makes it possible to simplify the
manufacturing cycle, thereby reducing the manufacturing
cost significantly. In addition, by mwmeans of the
invention, it is possible to omit the intermediate
backing sheet, thereby making it possible to reduce the
thickness of the card significantly, and/or to reserve
space for accommodating chips or modules of larger
thickness. _

According to another characteristic of the
invention, the sheet 1is provided with pre-printed
graphics and/or with a transparent protective film on
its apparent outer face.

This makes it possible to simplify the printing
operation because 1t 1is performed on the protective
sheet and not on the chip card assembly, thereby
avoiding high cost due to printing rejects.

According to another characteristic, in oxder to
form said antenna on said decorative sheet, the method
includes the following steps:

a fine backing sheet is provided that is made of a
material having a softening or degradation temperature
that is lower than an optimum ink-drying temperature;

a conductive ink is provided that has a metal

particle content 1lying in the range approximately 60%
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to 95% in a polymer matrix and a solvent, said ink
further having a predetermined optimum drying
temperature; and

after screen-printing said ink onto said backing
sheet, the ink is dried partially at a temperature
lower than said optimum drying temperature of the ink.
The ink includes silver particles at a content lying in
the range 70% to 85%.

It is thus possible to obtain an antenna having
acceptable performance by screen printing on materials
used in the field of chip cards without them being
degraded by the drying step. _

According to another <characteristic of the
invention, a plurality of antennas are  formed
simultaneously on a decorative base sheet. The base
sheet 1is then cut up to obtain a plurality of
decorative sheets with their antennas. It is then
posgible to assemble the chip card.

Manufacturing a plurality of protective sheets
simultaneously makes it possible to obtain further
reductions in manufacturing time and cost.

_Advantageously, the table of the screen-printing
machine .is subjected to surface-smoothing treatment,
guch asg anodization or coating with Teflon.

This makes it possible to prevent scratches from
forming on the printed face of the protective sheet.

According to yet another characteristic of the
invention, the screen-printed sheet 1is dried in an

oven, thereby making it possible to remove the solvent
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and to obtain a solid conductor tape made up of
conductive particles and of a binder. '

Advantageousiy, a protective plate ig
simultaneously inserted between the meshed mat of the
drying oven and the screen-printed sheet,

This makes it possible to isolate the outer face
of the protective sheet and to protect it from
scratches or the like.

To this end, it is also possible to use a meshed
mat that is made of a plastics material, a treated
meshed mat, é.g. made of stainless steel, or else belts
of plastics tape.

The invention also provides an electronic device
having a chip and/or an antenna, such as a contactless
or hybrid or label chip card, which device is obtained
by implementing the method of the invention. It is
distinguished in that it includes an antenna formed by
screen-printing on the non-apparent back of a
decorative sheet.

According to a characteristic, the antenna includes
turns of unequal widths between its connection ends.

This makes it possible to increase the
condﬁétibility of a conductive ink or to compensate for
its insufficient conductibility without giving rise to
additional drawbacks, in particular due to drying.

Other <characteristics and advantages of the
invention appear from the following description given
by way of non-limiting example, and with reference to

the accompanying drawings, in which:
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Figure 1 is a vertical section view of a known
type of chip card;

Figure 2 is a vertical section view of a chip card
of the present invention;

Figures 3 and 4 respectively show the front and
the back of a base sheet before the screen-printing
operation;

Figure 5 shows the front of the base sheet after
the screen-printing operation; and

Figure 6 is a view in profile corresponding to
Figure 5.

Figure 1 shows a chip card of the "contactless" or
"hybrid" type including a planar antenna constituting a
contactless interface. It essentially comprises a
substrate 10 such as a layer of insulating material, in
which a chip or a module 12 is embedded, said chip or
module being connected to an antenna 14 which is formed
on an intermediate backing sheet 16. The resulting
assembly is protected by two thermoplastics protective
outer sheets 18 and 18'. Where applicable, a
transparent protective film can cover the outer sheets.

_The thickness of the substrate 10 with the chip or
module 12 is, for example, about 400 wmicrons, the
thickness of the protective outer sheets 18 and 18' is
about 200 microns, and the thickness of the
intermediate sheet 16 with the antenna 14 is about 130
microns. The maximum thickness of the assembly is

800 microns, in compliance with the relevant ISO

Standard.
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Figure 2 is also a longitudinal section wview, but
it shows a chip card accordingl to the present
invention. As can be seen, the chip carxrd of the
invention also includes a substrate 10 with its chip ox
module 12, and protective sheets 18 and 18'.

According to the invention, the antenna 14 is
formed on the inside face of one of the protective
sheets 18 or 18!',

This makes it possible firstly to achieve a saving
in thickness of about 150 microns. It is thus possible
toc manufacture chip cards of thickness lower than
800 microns if it is so desired.

Furthermore, there 1is one less sheet to be
indexed, which saves material and time and thus reduces
cost.

In contactless chip cards, this makes it possible
to omit the operation of depositing material- over both
faces of the intermediate sheet, or of drilling through
the intermediate sheet to enable the resin to flow
therethrough. As a result, a considerable saving in
cycle time is obtained.

By means of the invention, it 1s possible to
reduce the thickness of the card at the chip or at the
module for a contactless card. Since the interface
between the chip or the module and the antenna is
further from the center of the chip card, then, for an
equal chip or module thickness, the thickness of the

card in the chip or module zone is controlled better.
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In particular, the hard spots of the card are further
away from the protective outer sheets.

The invention also makes it possible to use chips
or modules that are thicker, and therefore, for
example, to omit the thickness-reducing or
"backlapping® operation that otherwise needs to be
performed, e.g. by milling.

Finally, the invention maskes it possible to avoid
printing defects when the protective sheet is not pre-
printed, but rather is delivered blank and printed
after the card has been manufactured.

Advantageously, as shown in Figures 3 to 6, a
plurality of (e.g. three) antenna backing sheets aré
formed simultaneously on a thermoplastics base sheet
20. On its outer face 22, the base sheet has three
logos 24 pre-printed on it, and, on its inside face 26,
three antennas 28 are formed by screen printing.

This base sheet is then cut up to ob;ain three
protective antenna backing sheets. This makes it
possible to  reduce the manufacturing cost, in
particular by omitting the operations of putting pre-
printed protective sheets in place.

The chip card of the present invention may be
manufactured as follows:

Three logos 24 are printed on the rear face of the
thermoplastics base sheet 20. The resulting printing
may optionally be protected by rolling a protective

layer or "overlay" or by applying a varnish.
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Naturally, if "blank" chip cards (i.e. cards with
no printing) are to be manufactured, this initial
operation is omitted. |

The antennas are then formed.

According to the invention, an electronic device
having a c¢hip and/or an antenna, and such as a
contactless or hybrid or label chip card, including a
decorative sheet having an apparent outside face (18,
18') and at least one interface comprising an antenna
(14, 28) is manufactured by implementing a method that
includes the following essential step.

In this step, the antenna is formed on that face
of the decorative sheet which is opposite the apparenﬁ
outer face by screen-printing using a conductive ink.

It is thus possible to obtain a base elementary
device constituted by a decorative sheet or a sheet
suitable for receiving printing and including at least
one antenna. Other conductor elements may be formed in
the same manner. Electronic elements, in particular a
chip or a chip module may be subsequently. connected
and/or coated.

_The method may further include a step in which at
least one layer of insulating material is disposed on
said opposite face so as to cover the antenna at least
in part. As a result, an electronic device, in
particular of the <chip «card type, is obtained.
Additional protective films may also be added.

The layer of insulating material may be formed in

various manners, and in particular by hot-rolling or
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cold-rolling a second sheet onto said opposite face or
by injection-molding or sputtering.

The interface constituted by at least one antenna
and/or contacts may be connected to a chip or a chip
module before or after the layer of insulating material
is formed.

In this case the connections of the antenna can be
accessible either by reserving Ian access or by
machining an access.

The decorative sheet is made of a polymer
wmaterial, but it may optionally be formed on any other
degradable or deformable material, such as a sheet of
paper.

In an implementation of the method, the pre-
printed sheet is placed on the table of a screen-
printing machine, e.g. of the MPM type, with its
printed face against the table. In order to avoid
scratches from forming on the printed back, the table
igs treated to soften the surface of the table by
removing any roughness. For example, the table may be
subjected to anodization treatment or it may be coated
with_?eflon.

In addition, the table of the .screen-printing
machine is provided with fast indexing studs which
limit the sliding of the sheet on the surface of the
table.

During the screen-printing cycle, the conductive

ink is transferred from the surface of the screen to
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the protective sheet in the pattern of the antenna,
e.g. in a "square" spiral pattern as shown in Figufe 5.

During this screen-printing stage, for optimum
results, it is recommended to control screen-printing
parameters that can act to various extents on the
quality of the results, and such as:

the absence of contact between the screen and the
protective sheet;

the speed of screen-printing;

the pressure éf screen-printing;

the nature and the configuration of the printing
screen; and

the nature and the geometry of the squeegees of
the screen-printing machine, e.g. by using squeegees
made of polyurethane.

The dimensions of the printing screen, e.g. a
canvas printing screen, determine the number of
antennas ﬁhat can be formed on the same base sheet 20.

After the screen-printing step, the resulting
asgembly comprising the sheet and the 1liquid ink is
extracted from the screen-printing machine, and it is
transferred to a drying oven, such as an oven known by
the trade name "OPTIMA".

On being heated in the oven, the solvent contained
in the conductive ink evaporates and the antenna takes
up a solid shape made up of conductive particles and of
a binder. The drying parameters that can influence the
result are:

the temperature of the varxious zones of the oven;
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the drying time; and

the flow of air or of nitrogen injected into the
oven.

The reproducibility of the antennas, so that they
all have the desired properties without deforming the
protective sheet on drying, depends on the above
parameters. Deformation can be induced by the
temperature being too high, or the ink contracting too
much.

The meshed mat of the oven is isolated from the
protective sheet by a plastics protective plate
inserted into the oven at the same time as the
protective sheets. The protective plate protects ﬁhé
printed face of the protective sheet from being
scratched.

To form this protection, it is also possible to
equip the oven with a meshed mat made of a plastics
material or that it is treated, or else with belts of
plastics tape.

Manufacturing then continues in known manner so as
to manufacture a contactless or hybrid card. A solid
conneFtion is formed between the chip or module 12 aﬁd
the antenna 14 without deforming or damaging the
printed face of the protective sheet.

The final operation is that of assembling the chip
caxrd by cold rolling or hot rolling or by injection
molding under conditions that do not cause the outline

of the antenna to show through on the printed face of
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the protective sheet which becomes a visible face of
the final card.

Good results, free of undulations, have been
obtained with the following operating conditions on
sheets of PVC or of ABS, or even of paper:

ink: reference D5028 or ES520 sold by Dupont de
Nemours;

optimum ink-drying temperature: about 150°C;

oven temperature: from 50°C to 80°C; and

drying time: 3 minutes to 10 minutes.

The method is particularly advantageous on sheets
of thickness less than 600 um. Good results have been
obtained on very thin polymer films of thickness lyin§
in the range approximately 100 gm to 15 pm.

For PC or PET film or sheets, the oven temperature
may lie in the range 120°C to 130°C.

In ordef to ensure that a zone of the card is
reserved for —embossing while also retaining the
performance of the antenna, which performance is
related to its conductivity, the electrical or
electronic device of . the invention includes turns of
unequal widths, between its connection ends.

Good results have been obtained with a width ratio
between the widest turns and the narrowest turns that
varies in the range two to five, the narrow value being
equal to about 0.5 mm.

Thus, it has been possible, for example, to obtain
a chip card provided with an antenna having four turns

extending along its lateral edges. It has a narrow
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zone for the antenna extending to 5 mm from the bottom
edge of the card, in which zone four turns of about 0.4
mm ére screen-printed, the antenna having a total width
of 4 mm at this level. 1In contrast, along other edges
of the card, in particular the opposite edge or the
adjacent edge, the card has turns each having a width
of about 1.8 mm, the antenna having a width of 8 mm at
this level.

This configuration and shape of the antenna further
makes it possible to increase the conductibility of a
conductive ink or to compensate for its insufficient
conductibility, especially when it is partially dried.
The effectiveness of the radio communications is not
affected by this,:since an antenna range equal to 8 mm

is obtained.
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CLAIMS

1. A method of manufacturing an electronic device .
having a chip and/or an antenna, such as a contactless
or hybrid or label chip card, said electrohic device
including at least one decorative sheet having an
apparent outside face (18, 18'), and at least one
interface comprising an antenna (14, 28), said method
including the following step, in which the antenna is
formeé on that face of the decorative sheet which is
opposite its apparent outer face by screen-printing
uging a conductive ink, said method being characterized
in that the sheet {18, 18', 20) is provided with preQ
printed graphics and/or with a transparent protective
film on its apparent outside face.

2. A method of manufacturing an electronic device
having a chip and/or an antenna, such as a contactless
or hybrid or label chip card, said electronic device
including at least one decorative sheet having an
apparent outer face (18, 18'), and at least one
interface comprising an antenna (14, 28), said method
including the following step, in which the antenna is
formed on that face of the decorative sheet which is
opposite 1its apparent outer face by screen-printing
using a conductive ink, said method being characterized
in that, in order to form said decorative sheet: i

a fine backing sheet is provided that is made of a
material having a softening or degradation femperature

that is lower than an optimum ink-drying temperature;
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a conductive ink is provided that has a metal
particle content lying in the range approximately 60%
to 95% in a polymer matrix and a solvent, said ink
further having a predetermined optimum drying
temperature; and

after screen-printing said ink onto said backing
sheet, the ink is dried partially at a temperature
lower than said optimum drying temperature of the ink.

3. A method according to claim 2, characterized in
that the sheet (18, 18', 20) is provided with pre-
printed graphics and/or with a transparent protective
film on its apparent outer face.

4. A method according to claim 1, characterized in
that, in order to:form said antenna on said decorative
sheet;

a fine backing sheet is provided that is made of a

- material having a softening or degradation temperature

that is lower than an optimum ink-drying temperature;

a conductive ink is provided that has a metal
particle content lying in the range approximately 60%
to 95% in a polymer matrix and a solvent, said ink
further having a predetermined optimum drying
temperature; and

after screen-printing said ink onto said backing
sheet, the ink is dried partially at a temperature
lower than said optimum drying temperature of the ink.

5. A method according to any one of claims 1 to 4,
characterized in that it further includes a step in

which at least one layer of insulating material 1is
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disposed on said opposite face so as to cover the
antenna at least in part.

6. A method according to any one of claims 1 to 5,
characterized in that the layer of insulating material
is formed by hot-rolling or cold-rolling a second
sheet, or by injection-molding or sputtering.

7. A method according to any one of claims 1 to 5,
characterized in that a connection is established
between the interface and a chip or a chip module
before the layér of insulating material is formed.

8. A method according to any one of claims 1 to 6,
characterized in that a connection is established
between the interface and a chip or a chip module after
the layer of imsulating material is formed, the antenna
connections bheing accessible. !

9. A method according to ény preceding c¢laim,
characterized in that the decorative sheet is made of a
polymer material.

10. A method according to any preceding claim,
characterized in that the ink includes silver particles
at a content lying in the range 70% to 85%.

_11. A method according to any preceding claim,
characterized in that said sheet has a thickness of
less than 600 um.

12. A method according to any preceding claim,
characterized in that said sheet has a thickness lying

in the range 15 um to 100 um.
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13. A method according to any preceding claim,
characterized in that the drying temperature is equal
to about 60°C. _

14. A method according to any preceding claim,
characterized in that the decorative sheet is made of
paper.

15. A method according to any preceding claim,
characterized in that a screen-printing machine is used
that includes a table which has undergone surface-
smoothing treatment, such as anodization or coating
with Teflon.

16. A method according to any preceding claim,
characterized in that said backing sheet is dried in an
oven praovided with a meshed mat, and in that a
protective plate i1s simultaneously inserted between
gaid meshed mat and the screen-printed backing sheet
{20} .

17. A method according to claim 15, characterized
in that the meshed mat is made of a plastics material
or of stainless steel.

18. A method according to claim 16 oxr 17,
characterized in that the-drying oven is provided with
belts-of plastics tape. ‘

19. A method according to any preceding claim,
characterized in that a plurality of antennas are
formed simultaneously on a decorative base sheet, and
in that said sheet is then cut up to obtain a plurality

of decorative sheets.
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20. An electronic device having a chip and/or an
antenna, such as a contactless or hybrid or label chip
card, which device is obtained by implementing the
method according to any preceding claim.

21. An electronic device according to claim 20,
characterized in that the antenna includes turns of
unequal widths between its connection ends.

22. An electronic device according to claim 21,
characterized 1in that the width ratio between the
widest turns and the narrowest turns wvaries over the
range two to five.

ABSTRACT

The present invention zrelates to a method of
manufacturing an electronic device having a chip and/or
an antenna, such as a contactless or hybrid or label
chip card, saild electronic device including at least
one decorative sheet having an apparent outer face (18,
18'), and at least one interface comprising an antenna
{14, 28), said method including the following step, in
which the antenna is formed on that face of the
decorative sheet which is opposite its apparent outer
face _by screen-printing using a conductive ink. The
invention also relates to the resulting electronic

device.



