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CIRCUIT FOR A CHIP CARD MODULE
Technical field
[001] This disclosure relates to the field of chip cards (also called smart cards). Chip cards
are well known to the public, for which they have multiple uses: payment cards, SIM cards for

cell phones, transport cards, identity cards, etc.

Background art

[002] Chip cards comprise transmission means for transmitting data from the chip to a card
reader (reading) or from the card reader to the card (writing). These transmission means may
be "with contact", "contactless" or else with a dual interface where they combine the two
preceding means. Dual-interface chip cards are called "dual” if the "contact" and "contactless"
modes are managed by a single chip or "hybrid" if the "contact" and "contactless" modes are
managed by two, physically separate, chips.

[003] Chip cards are generally composed of a rigid support made of a plastic material of PVC,
PVC/ABS, PET or polycarbonate type forming the body of the card, in which a separately
produced electronic module is incorporated. The electronic module comprises a generally
flexible printed circuit board that is equipped with an electronic chip (integrated circuit) and
contact pads that are electrically connected to the chip and flush with the electronic module, on
the support surface, for a connection by electrical contact with a card reader. Dual-interface
chip cards furthermore comprise at least one antenna for transmitting data between the chip
and a radiofrequency system that allows contactless reading/writing of data. The antenna may
be manufactured separately on an inlay which is incorporated in the rigid support.

[004] In dual-interface chip cards, it has often been proposed to connect the antenna to
conductive pads or lands implemented on the side that is opposite that comprising the contacts
designed to be connected to a card reader. Stated otherwise, the electronic module to be
inserted into a card is called a "double-sided" circuit board, with one conductive side with the
contacts to be connected to a card reader and one conductive side with the conductive pads
or lands to be connected to the antenna, these two conductive sides each being respectively
positioned on one side of an insulating substrate.

[005] Techniques commonly used for connecting the electronic chip to the contacts to be
connected to a card reader are well known as “wire-bonding” techniques. With such techniques,
gold wires are attached to the contact pads with either thermo-compression soldering or ultra-
sonic welding. Good effects are achieved in terms of conductivity and pull-strength with gold
wires wire-bonded on a copper layer coated with electrodeposited layers of nickel and gold, or

nickel, gold and palladium, or nickel and palladium.
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Summary of the invention
[0o6] One aim of the invention disclosed below is to provide modules for smart cards that are
more cost-effective to produce.
[007] To this end, a circuit for a chip card module is presented in which a multilayer structure
comprises an insulating substrate and at least a first conductive layer. The insulating substrate
has a first and a second sides and the first conductive layer is supported by one of the first and
the second sides of the insulating substrate. Said first conductive layer is intended to be
electrically connected to an electronic chip with electrical wires. The electrical wires are -
bonded to the first conductive layer with a wire-bonding technique. Further, the first conductive
layer is a copper-based layer having a Vicker hardness greater than or equal to 100 VHN
(where “WVHN” means Vicker Hardeness Number),
[008] Indeed, good effects are achieved with the wire-bonding techniques of the prior art
because of the softness and ductility properties of gold wires. But, when silver-based wires are
used the results are not as satisfying. Yet, for cost saving reason it is interesting to use silver-
based wires.
[009] Thanks to a copper-based layer having a Vicker hardness greater than or equal to 100
VHN it becomes possible to wire-bond silver-based wires onto it while achieving good
performances in terms of pull strength and conductivity.
[0010] This circuit may have one or several of the following features, considered either
independently of one another, or in combination of one or several others of these features:
- the first conductive layer has a bonding surface, onto which electrical wires are
intended to be connected, with a roughness greater than or equal to 0.8 micrometres;
- the circuit comprises an electronic chip and silver-based electrical wires connected
to both the electronic chip and the first conductive layer, the silver-based electrical
wires being wire-bonded to the first conductive layer;
- the silver-based electrical wires are made of a silver alloy; and preferably, the main
components of the electrical wires are 88% silver and 9% gold,;
- the silver-based electrical wires are made of a silver alloy with a gold coating (i.e.
an external gold layer);
- the multilayer structure comprises a copper-clad structure;
- the multilayer structure comprises the first conductive layer, the insulating substrate
and a layer of adhesive material between the first conductive layer and the insulating

substrate;
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- the circuit comprises through-holes punched in the insulating substrate and the first
conductive layer, a second conductive layer laminated on a side of the insulating
substrate opposite to the side of the insulating substrate supporting the first
conductive layer and silver-based electrical wires connecting the electronic chip and
the first conductive layer, the electrical wires being wire-bonded to the first
conductive layer;

- asecond conductive layer is supported by a side of the insulating substrate opposite
to the side of the insulating substrate supporting the first conductive layer;

- first conductive pads are formed in the first conductive layer and second conductive
pads are formed in the second conductive layer, silver-based electrical wires being
connected to both an electronic chip and at least the first conductive pads, the
electrical wires being wire-bonded at least to the first conductive pads (and possibly
to the chip), and the second conductive pads being adapted to establish an electrical
connection with a chip card reader,

- the first conductive layer has a thickness ranging from 18 to 38 micrometres.

Description of figures

[0011] Other features and advantages of the invention will become apparent upon reading the
detailed description and the appended drawings in which:

[0012] - figure 1 is a diagrammatic perspective representation of a chip card accommodating
a module comprising a portion of flexible circuit according to the invention;

[0013] -figure 2 is a diagrammatic representation of a cross-section through a chip card module
comprising a flexible circuit according to an embodiment of the invention;

[0014] - figure 3 is a diagrammatic representation of a cross-section through a portion of a
tape for flexible circuit according to another embodiment of the invention; and

[0015] — figure 4 is a diagrammatic representation of a cross-section through a portion of a

tape for flexible circuit according to the embodiment shown in figure 2.

Detailed description

[oo16] As illustrated in Fig. 1, the invention may be used for making a chip card 1 (of bank card
or another type). This card 1 comprises a cavity 2, for example milled into the body of the card
1. A chip card module 3 is accommodated in the cavity 2.

[00171 As illustrated in Fig. 2, this chip card module 3 comprises an electrically insulating

substrate 4 that is advantageously flexible. The substrate 4 has a first 5 and a second 6 sides.
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[0018] In an embodiment example, a first 7 and a second 8 conductive layers are respectively
supported by the first 5 and a second 6 sides. On the first side 5, called the back side or bonding
face, first conductive pads 9 electrically isolated from one another are made in the first
conductive layer 7. These first conductive pads 9 are designed to be connected to an antenna
accommodated in the card body. The first conductive pads 9 may be etched in the first
conductive layer 7 with well-known photolithography and etching techniques. Alternatively, the
first conductive pads 9 may be stamped in the first conductive layer 7 prior to its lamination
onto the insulating substrate 4 according to a well-known leadframe technology.

[0o19] On the opposite side, the second side 6 of the insulating substrate 4, called the front
side or contact face, second conductive pads 10 (i.e. contacts to be connected to a card reader)
that are electrically isolated from one another are made in a second conductive layer 8. The
second conductive pads 10 may be etched in the second conductive layer 8 with well-known
photolithography and etching techniques. Alternatively, the second conductive pads 10 may be
stamped in the second conductive layer 10 prior to its lamination onto the insulating substrate
4 according to a well-known leadframe technology.

[0020] The insulating substrate 4 has a cavity 11 within which an electronic chip 12 is
accommodated. Blind holes 16 are also made in the substrate 4. This cavity 11 is optional. In
an alternative embodiment the chip 12 is glued onto the insulating substrate 4.

[0021] Electrical wires 13 are connected to both the chip 12 and the first 7 and second 8
conductive pads.

[0022] Two examples of method for manufacturing an electrical circuit for a chip card module
are disclosed below. According to a first example of manufacturing method, the circuit for the
chip card module 3 is manufactured, with a reel to reel process as follows:

[0023] —an insulating substrate 4 is provided; the insulating substrate 4 is made, for example,
of a plastic material (polyimide, PET, PEN, PVC, etc.) or of a composite material (glass-epoxy);
its thickness ranges for example from 50 to 100 micrometres;

[0024] —thefirst5 and second 6 sides of the insulating substrate 4 are coated with an adhesive
layer 14, 15 to 30 um thick, for example;

[0025] — a first conductive layer 7 is laminated onto the adhesive layer 14 laying on the first
side 5 of the insulating substrate 4;

[0026] - the multi-layered structure comprising the insulating substrate 4, the adhesive layers
14 and the first conductive layer 7 is punched through its whole thickness, in order to form the

optional chip cavity 11 and through-holes 15;
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[0027] - a second conductive layer 8 is laminated onto the adhesive layer 14 laying on the
second side 6 of the substrate; the through-holes 15 covered by the second conductive layer 8
form blind holes 16;

[0028] —first9 and second 10 conductive pads are formed respectively in the first 7 and second
8 conductive layers (If not already formed by leadframe technology prior to the lamination of
the first 7 and/or second 8 conductive layers onto the insulating substrate 4); the surface of the
first conductive pads 9 (on the bonding face) and of the second conductive pads 10 (both on
the contact face and on the bonding face) is covered with one or several electrodeposited layers
of conductive materials (for example, nickel-gold, or nickel-gold-palladium, or nickel-palladium);
this results in a circuit as schematically illustrated in figure 3;

[0029] —an electronic chip 12 is attached onto the insulating substrate 4 or in the optional chip
cavity 11;

[0030] - electrical wires 13 are connected to the chip 12; some of these electrical wires 13 are
connected to the second conductive pads 10 at the bottom of the blind holes 16 and others are
connected to the first conductive pads 9;

[0031] — a glob top 17 is formed with a resin over the wire connections to the chip 12 and to
first 9 and second 10 conductive pads; an UV or thermal treatment is performed so as to harden
the resin;

[0032] - the tape with the electrical circuits formed according to the previous steps is cut into
pieces so as to form single modules 3 (similar to the module 3 schematically illustrated in figure
2) that can be incorporated and fixed in a module cavity 2 milled in the body of a card 1.

[0033] According to a second example of manufacturing method, the circuit for the chip card
module 3 is manufactured, with a reel to reel process as follows:

[0034] — a clad structure 18 is provided, this clad structure 18 comprising an insulating
substrate 4 and a first conductive layer 7 on a first side 5 of the insulating substrate 4; the
insulating substrate 4 is made, for example, of a plastic material (polyimide, PET, PEN, PVC,
etc.) or of a composite material (glass-epoxy); its thickness ranges for example from 50 to 100
micrometres;

[0035] — - the second side 6 of the insulating substrate 4 is coated with an adhesive layer 14,
15 to 30 um thick, for example;

[0036] the clad structure 18 comprising the insulating substrate 4, the adhesive layer 14 and
the first conductive layer 7 is punched through its whole thickness, in order to form the optional

chip cavity 11 and through-holes 15;



10

15

20

25

30

WO 2021/116048 PCT/EP2020/084955

[0037] — a second conductive layer 8 is laminated onto the adhesive layer 14 laying on the
second side 6 of the insulating substrate 4; the through-holes 15 covered by the second
conductive layer 8 form blind holes 16;

[0038] —first9 and second 10 conductive pads are formed respectively in the first 7 and second
8 conductive layers (If not already formed by leadframe technology prior to the lamination of
the second conductive layer 8 onto the substrate); the surface of the first conductive pads 9 (on
the bonding face) and of the second conductive pads 10 (both on the contact face and on the
bonding face) is covered with one or several electrodeposited layers of conductive materials
(for example, nickel-gold, or nickel-gold-palladium, or nickel-palladium); this results in a circuit
as schematically illustrated in figure 4;

[0039] —an electronic chip 12 is attached onto the insulating substrate 4 or in the optional chip
cavity 11;

[0040] - electrical wires 13 are connected to the chip 12; some of these electrical wires 13 are
connected to the second conductive pads 10 at the bottom of the blind holes 16 and others are
connected to the first conductive pads 9;

[0041] — a glob top 17 is formed with a resin over the wire connections to the chip 12 and to
first 9 and second 10 conductive pads; an UV or thermal treatment is performed so as to harden
the resin;

[0042] - the tape with the electrical circuits formed according to the previous steps is cut into
pieces so as to form single modules 3 (similar to the module 3 schematically illustrated in figure
2) that can be incorporated and fixed in a module cavity 2 milled in the body of a card 1.

[0043] In both embodiments illustrated in Figs. 3 and 4, the circuit may have one or several of
the following features, considered either independently of one another, or in combination of one
or several others of these features:

- the first conductive layer 7 is made of a copper foil or a copper alloy foil having a
Vicker hardness greater than or equal to 100 VHN;

- the first conductive layer 7 has a thickness ranging, for example, from 18 to 38
micrometres;

- the first conductive layer 7 is advantageously coated with at least an
electrodeposited nickel layer or an electrodeposited nickel alloy layer 3 to 8 um thick,
for example;

- a dry or wet surface treatment is performed on the copper surface onto which
electrical wires are intended to be connected (prior to the possible electro-deposition

of nickel or nickel alloy), in order to achieve a surface roughness greater than or
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equal to 0.8 micrometres, this dry or wet treatment including sandblasting, pumice,
jetscrubbing;

- the second conductive layer 8 is made for example of a copper foil or a copper alloy
layer 15 to 40 um thick;

- the electrical wires 13 are made of a silver alloy, with or without gold coating; their
diameter is in a range from 18 to 25 micrometres; the electrical wires 13 are wire-
bonded to the first 7 and second 8 conductive layers (that is they are connected to
the first 7 and second 8 conductive layers either with ultra-sonic welding or thermo-
compression soldering).

[0044] Steps of the above-mentioned methods may be carried out by one and the same
manufacturer or by different manufacturers. For example, the bare circuit (without the electronic
chip 12, the electrical wires 13 and the glob top 17) may be manufactured by a first
manufacturer, the electronic chip 12 may be attached and connected by a second manufacturer,
while the module 3 may be incorporated in a card body by a third manufacturer. However, it
shall be understood that, in any case, the claimed circuit for a chip card module is suitable for
connecting the electronic chip 12 to first 7 and second 8 conductive pads, even if, for example
at the first manufacturer, the circuit does not comprise any electronic chip 12.

[0045] One can notice that the Vicker Hardness values mentioned in the present description,
as well as in the claims, are the values of first 7 and/or second 8 conductive layer(s) in the
finished circuit or module 3. Indeed, annealing and/or curing steps may change the Vicker
hardness. For example, a copper layer having a Vicker hardness of 114 VHN prior to lamination
onto the insulating substrate 4 may have a Vicker hardness of 100 VHN, after a curing of the
multilayer structure comprising the insulating substrate 4, the adhesive layer 14 and the first
conductive layer 8, at a temperature greater than or equal to 100°C.

[0046] Thanks to the implementation of the first conductive layer made 7 of a copper layer
having a Vicker hardness at least equal to 100 VHN, it is possible to obtain a pull-out vertical
force in the range of 7 to 9.5 gf (gram force) and a pull-out horizontal force in a range of 4 to
5.5 df.

[0047] As already mentioned, one of the advantages of the implementation of the first
conductive layer made of a copper layer having a Vicker hardness at least equal to 100 VHN,
is that it is possible to wire-bond wires which have lower softness and ductility properties than
gold wires. More particularly, it allows the use of silver-based wires (either wires made of a
silver alloy or wires made of a silver alloy coated with gold or wires made of silver alloy coated
with another conductive material) onto it while achieving good performances in terms pull

strength and conductivity. As a consequence of the use of silver-based wires, the circuit allows
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cost savings compared to the use of gold wires (for example the silver-based wires may be 75%
cheaper than gold wires).

[0048] Another advantage is that the wedge bond strength is higher, while the wire bonding
process is robust and stable.

[0049] Another advantage, is that the wire bonding productivity is improved compared to
processes using additional bumps between the wire and the conductive pads (for example, the
invention may increase the productivity by 15% or more compared to processes using
additional bumps).

[0050] In an alternative embodiment, the second conductive layer 8 is also a copper-based

layer having a Vicker hardness greater than or equal to 100 VHN.
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CLAIMS

. A circuit for a chip card module (3), characterised in that, the circuit comprises

- a multilayer structure comprising an insulating substrate (4) having a first (5) and a
second (6) sides, and a first conductive layer (7) supported by one of the first (5)
and the second (6) sides of the insulating substrate (4);

wherein said first conductive layer (7) is intended to be electrically connected to an

electronic chip (12), with electrical wires (13) wire-bonded to the first conductive layer

(7),

the first conductive layer (7) is a copper-based layer having a Vicker hardness greater

than or equal to 100 VHN.

. A circuit according to claim 1, wherein the first conductive layer has a bonding surface

onto which electrical wires (13) are intended to be connected with a roughness greater

than or equal to 0.8 micrometres.

. A circuit according to claim 1 or 2, comprising an electronic chip (12) and silver-based

electrical wires (13) connected to both the electronic chip (12) and the first conductive
layer (7), the silver-based electrical wires (13) being wire-bonded to the first conductive

layer (7).

. A circuit according to claim 3, wherein the silver-based electrical wires (13) are made

a silver alloy.

. A circuit according to claim 3 or 4, wherein the silver-based electrical wires (13) are

made a silver alloy with an external gold layer.

. A circuit according to any preceding claims, wherein the multilayer structure comprises

a copper-clad structure (18).

. A circuit according to any preceding claims, comprising

- through-holes (15) punched in the insulating substrate (4) and the first conductive

layer (7), and
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8.

10.

10

- asecond conductive layer (8) laminated on a side (6) of the insulating substrate (4)
opposite to the side of the insulating substrate (4) supporting the first conductive

layer (7).

A circuit according to one of claims 1 to 6, comprising a second conductive layer (8) is
supported by a side (6) of the insulating substrate (4) opposite to the side (5) of the

insulating substrate (4) supporting the first conductive layer (7).

A circuit according to claim 8, wherein the first conductive pads (9) are formed in the
first conductive layer (7) and second conductive pads (10) are formed in the second
conductive layer (8), silver-based electrical wires (13) being connected to both an
electronic chip (12) and at least the first conductive pads (9), the silver-based electrical
wires (13) being wire-bonded to the first conductive pads (9), and the second
conductive pads (10) being adapted to establish a connection by electrical contact with

a chip card reader.

A circuit according to any preceding claims, wherein the first conductive layer (7) has a

thickness ranging from 18 to 38 micrometres.



