Microelectronic chip with multiple contacts

Field of the invention

The invention concerns the field of smart cards or chip cards. More precisely, it concerns a chip of a
contactless smart card or of a dual contact and contactiess smart card.

Background
Contactless smart cards are used to realize a short-range transmission of information between a

reader and a chip integrated into an electronic module of the smart card without inserting the card in
a reader and without any electrical connection between the reader and the metallic contacts of the
electronic module.

To this end, a contactless smart card has an antenna connected to the chip for radiofrequency
communication between the card and the card reader. Because a contactless smart card has neither
energy source nor energy storage, such an antenna enables powering up the chip of the card be by
induction.

Traditionally, such a smart card is in credit card format and the smart card antenna 3 is
disposed an the substrate 4 of the card body, as illustrated on Figure 1. The antenna is thus
connected to the chip trough the electronic module 2. Such antenna has sufficient size for ensuring
electrical power to the chip.

Nevertheless, constantly increasing the miniaturization of the electronics systems makes today
necessary the integration of contactless chips into supports having much lower dimensions than those
of a credit card. The antenna 3 connected to the chip 1 can no longer be placed into a card body and
must be integrated into the electronic module 2, as illustrated on Figure 2. The antenna is thus
connected directly to two contacts La and Lb of the chip 1. The chip 1 also comprises a capacitor C
used to bring the antenna into resonance. However, the small space available into such a module
does not permit to include in it an antenna having the same size than those residing in existing
contactless smart card bodies. The energy that an antenna integrated into an electronic module can
coliect will be much lower, perhaps too low to be sufficient for ensuring a correct power supply of the
chip.

Therefore, there is a need for a system to ensure proper electric power supply to a contactless
chip, while respecting the constraints of low available surface area imposed by the small dimensions

of the electronic module in which the chip is integrated.

Summary of the invention

The present invention concerns according to a first aspect an electronic module for a contactless
smart card or dual contact and contactless smart card comprising at least a first antenna, a second
antenna a third antenna and a microelectronic chip, characterized in that:

said microelectronic chip comprises a microprocessor, at least a first contact, a second
contact, a third contact, a fourth contact, a first tuning capacitor connected between the first contact



and the third contact, a second capacitor connected between the second contact and the fourth
contact, said first and third contacts being connected to the inputs/outputs of the microprocessor and
being configured to transmit to said microprocessor a radio-frequency communication signal
exchanged through the antennas,

said first antenna is connected between the first contact and the third contact and is
configured to be brought into resonance by said first capacitor,

said second antenna is connected between the second contact and the fourth contact and is
configured to be brought into resonance by said second capacitor in order to capture the energy
transmitted by induction by a remote reader,

said third antenna is connected in series with said second antenna between the second
contact and the fourth contact for transmitting the captured energy to the microelectronic chip and
coupled with the first antenna for transferring to the microelectronic chip through the first antenna the
energy captured by the second antenna.

Said chip provides electrical assemblies permitting to ensure its electrical supply despite the
small area available in the electronic module without requiring components outside thereof.

Such a module can have several antennas in two coupled circuits for increasing the amount of
energy captured and transmitted to the chip.

Preferably, the second capacitor is a variable capacitor. Such a capacitor permits to bring into
resonance efficiently a second antenna of the electronic module different from the first antenna
brought into resonance by the first capacitor of the chip and to significantly increase the energy
captured and transmitted to the chip.

Furthermore, the microelectronic chip comprises a variable resistor connected in series with
the second capacitor between the second contact and the fourth contact. Such a variable resistor
permits to reduce and adjust the quality factor of the circuit in which it is inserted, in order to adjust
its bandwidth,

Brief description of the drawings
Other features and advantages of the invention will appear in the following description. Embodiments

of the invention will be described with reference to the drawings, in which:
- Figure 1 illustrates a known smart card;
- Figure 2 illustrates a known microelectronic chip;
- Figure 3 illustrates a microelectronic chip according to a first embodiment of the invention;
- Figure 4 illustrates a microelectronic chip according to a second embodiment of the invention;
- Figure 5 illustrates a microelectronic chip according to a third embodiment of the invention;
- Figure 6 illustrates a microelectronic chip according to a fourth embodiment of the invention;
- Figure 7 illustrates a microelectronic chip according to a fifth embodiment of the invention;
- Figure 8 illustrates a microelectronic chip according to a sixth embodiment of the invention.



Detailed description
The present invention concerns a microelectronic chip 1 for a contactless smart card or dual contact

and contactless smart card as illustrated on Figure 3.

Such a chip comprises at least a first contact P1 and a second contact P2. The chip 1 may be
integrated into an electronic module 2 comprising at least one antenna 3 configured to be connected
to the chip 1 through the contacts P1, P2 for ensuring a radiofrequency communication with a remote
reader.

Said at least one antenna 3 enables to collect the energy transmitted by the remote reader by
induction for powering up the chip 1. The energy captured by the antenna can be also transmitted to
the chip through contacts P1, P2.

Within the chip, such energy is more specifically used for powering up the microprocessor and
the other circuits of the chip to be powered up such as a memory or cryptoprocessor dedicated to
accelerating cryptographic computations. To this end, the chip further comprises at least a third
contact P3, and two contacts of the chip, for example the first and third contacts P1, P3, are
connected to the inputs/outputs of the microprocessor and are therefore configured to transmit to
said microprocessor the captured energy and a radio-frequency communication signal exchanged
through the antennas.

The chip 1 also comprises two capacitors C1, C2 and at least one of its contacts, for instance
the second contact P2, is separate and distinct from the two contacts connected to the inputs/outputs
of the microprocessor. This contact and also at least another contact are configured to be connected
to said at least one antenna 3 for insuring the loading by said antenna of the capacitors C1, C2. For
example, the capacitor C1 may have a capacitance between 20 pF and 70 pF; and the capacitor C2, a
capacitance between 100 pF and 200 pF.

The first and second contacts of the chip P1, P2 are conceived to be connected to the antenna
3 of the module and are therefore external connectors through which components outside the chip
integrated on the electronic module may be connected to the chip. The other contacts of the chip can
be external connectors as well, to which external components may connect. Alternatively, these other
contacts may be only internal contacts of the chip, without any direct connection from the outside of
the chip.

By “distinct and separate from the two contacts connected to the inputs/outputs of the
microprocessor”, we mean that the second contact P2 is not located at a point of the electrical circuit
of the chip 1 whose potential is always equal to that of the contacts connected to the inputs/outputs
of the microprocessor. This contact is thus neither physically identical nor directly connected by a wire
within the chip to the contacts connected to inputs/outputs of the microprocessor. This does not
preclude connections that can be made between the contacts outside of the chip in case where the
third contact P2 is also an external connector.

Thus, the chip comprises at least three contacts including a first contact P1 and a second
contact P2 in the form of external connectors, and a distinct third contact P2, connected to
inputs/outputs of the microprocessor and that may itself be under the form of an external connector



or not. Another contact of the chip is connected to the inputs/outputs of the microprocessor. This
contact may be the first contact P1 or the second contact P2 or an additional contact under the form
of an external connector or not.

When they are under the form of external connectors, the contacts connected to
inputs/outputs of the microprocessor may also be connected to the at least one antenna 3 of the
module.

In an example illustrated on Figure 3, the third contact P3 is under the form of an external
connector and the first contact P1 is connected to the inputs/outputs of the microprocessor.

As illustrated on Figure 3, the chip 1 can comprise a fourth contact P4, the first capacitor C1
may be a tuning capacitor connected between the first and the third contacts P1, P3 and the second
capacitor C2 may be connected between the second and fourth contacts P2, P4. A capacitance
between 20 pfF and 70 pF enables to bring into resonance an inductance L comprised between 1,5 pyH
et 6 pH.

As illustrated on figures 3 and 4, said at least one antenna 3 may then be connected to the
chip by four points of different potentials connected to said contacts P1, P2, P3, P4 for providing

radiofrequency communication with a remote reader and for powering up the chip.

Providing within the chip two capacitors and at least three contacts disposed so that at least
one of said contacts of the chip connected to the antenna 3 is not identical to any one of the two
contacts connected to the inputs/outputs of the microprocessor enables to build different circuits
interconnecting these capacitors with said at least one antenna 3 through the contacts in order to
provide more energy than in the case of a direct connection of an antenna of the electronic module to
the two contacts connected to the inputs/outputs of the microprocessor. The microprocessor can thus
receive enough energy for a being properly powered up.

Providing four contacts enables for example to build two separate circuits, each including its

own antenna and a capacitor for bringing it into resonance.

As illustrated on Figure 3, the second capacitor C2 can be a variable capacitor, having for
example a capacitance between 100pF and 200pF, so as to bring into resonance more easily an
antenna connected between the second contact P2 and the fourth contact P4. The value of the
capacitance C2 can be selected by the microprocessor depending on the value of the at least one
antenna connected to the contacts of the chip.

Moreover, as illustrated on Figure 3, the chip 1 can include a variable resistor R connected in
series with the second capacitor C2 between the second contact P2 and the fourth contact P4. Such
as in the case of a variable capacitance C2, the value of the resistor R can be selected by the
microprocessor. Such a resistor in series enables lowering the quality factor of the circuit Q =



1/(4RCw) in order to increase its bandwidth B = w/Q, w being the angular frequency of the
signal.

According to a first example illustrated on Figure 3, the electronic module includes a
first antenna 3a connected between the first contact P1 and the third contact P3, which are
also connected to the inputs/outputs of the microprocessor. This antenna is brought to
resonance by the first capacitor C1, which is alsc connected between the first contact P1 and
the third contact P3.

In order to increase the amount of energy collected at the electronic module and
transmitted to the chip, the electronic module also includes a second antenna 3b, called
booster antenna, connected between the second contact P2 and the fourth contact P4 of the
chip. Such an antenna also collects the energy transmitted by induction par the reader, by
being brought to resonance using the second capacitor, which is also connected between the
second contact P2 and the fourth contact P4 of the chip. In order to transmit this energy to
the chip, a third antenna 3¢ is connected in series with the booster antenna 3b between the
second contact P2 and the fourth contact P4 of the chip. This third antenna is coupled to the
first antenna 3a and enables to transfer the energy captured by the booster antenna 3b to
the chip through the first antenna 3a. Connecting the antennas 3a, 3b, 3c to the chip through
four contacts with different potentials enables to build two electrical circuits, each one
including an antenna brought to resonance, and coupled to each other, thus increasing the
energy captured by the electronic module and transmitted to the chip. Moreover, such
antennas 3a, 3b, 3c can be antenna elements of a single antenna 3.

A comparison between a classical antenna with two antenna contacts and an antenna
with four contacts was performed, the two antennas having identical overall surfaces. A
measurement of the voltage and the power received by the chip showed that the antenna
with four contacts gathers three times the power gathered by an antenna with two contacts.
The voltage measured at the output of a diode bridge of the chip was also three times higher,
which enables the chip to operate in a much larger range of electromagnetic field, and thus
enables increasing significantly the operating distance.

According to a second example illustrated on Figure 4, the chip 1 includes the same
circuits as the configuration illustrated on Figure 3 and the electronic module includes three
antennas 3a, 3b, 3c connected respectively between the third contact P3 and the fourth
contact P4, between the second contact P2 and the fourth contact P4, and between the first
contact P1 and the second contact P2. In this example, the capacitor C1 is used as a tuning
capacitor for the antennas and the capacitor C2 amplifies the energy captured by the
antennas and delivered to the chip. Such antennas 3a, 3b, 3¢ can be antenna elements of a

single antenna 3.



A third configuration example is illustrated on Figure 5, in which the chip 1 includes
the same circuits as in the configuration iliustrated on Figure 3 and in which a first antenna
3a is connected between the first contact P1 and the third contact P3, and a second antenna
3b is connected between the second contact P2 and the fourth contact P4. In addition, the
third contact P3 and the fourth contact P4 are connected by a wire. According to this
example, as in the previous example, the capacitor C1 is used as a tuning capacitor for the
antennas and the capacitor C2 amplifies the energy captured by the antennas and defivered
to the chip. In addition, since the third contact P3 and the fourth contact are connected by a

wire, they can be only one, and only three contacts are needed.

A fourth configuration example is illustrated on Figure 6 in which the chip 1 includes
the same circuits as in the configuration illustrated on Figure 3, and in which an antenna 3 is
connected between the first contact P1 and the third contact P3, and in which the third
contact P3 and the fourth contact P4 are connected by a wire, and in which the first contact
P1 and the second contact P2 are connected by a wire. According to this example,
capacitors C1 and C2 are used as tuning capacitors for the antenna 3. Mounting the
capacitors in parallel enables having an overall tuning capacitor with a capacitance value
equal to C1+C2.

According to another embodiment, the chip 1 can include a first tuning capacitor C1
connected between the first contact P1 and the third contact P3, connected to the
inputs/outputs of the microprocessor, and a second capacitor C2 connected to the second
contact P2 and the third contact P3, in such a way that, when said antenna 3 is connected
between the first contact P1 and the second contact P2, the first tuning capacitor C1 is
connected between said first contact P1 and third contact P3 in parallel with said at least one
antenna, and said second capacitor C2 is connected between said first contact P1 and third
contact P3 in series with said at least one antenna.

An example of such a configuration is illustrated on Figure 7 in which, as in the
examples illustrated on Figures 3 to 6, the chip 1 includes an additional fourth contact P4 and
all the contacts are under the form of external connectors. In this example the antenna 3 is
connected between the first contact P1 and the second contact P2, and the second capacitor
C2 is connected to the third contact P3 through the fourth contact P3 and a wire connecting
the latter with the third contact P3.

Such a configuration is though fully achievable with only three contacts, in which case
the fourth contact P4 does not exist and the second capacitor C2 is then directly connected
to the third contact P3. Similarly, the third contact, and the fourth contact if any, do not need



to be under the form of external connectors since they are not directly connected to any

component located outside the chip.

The tuning capacitor C1 enables bringing the circuit into resonance. The capacitor C2
increases the efficiency of the antenna 3 by enabling tuning of the resonance frequency of
the circuit. Therefore, it increases the amount of energy transmitted to the chip. Such a circuit
with a capacitor in series is only possible thanks to the position of this capacitor between the
third contact P3 connected to the inputs/outputs of the microprocessor and the second
contact P2 distinct from the contacts connected to the inputs/outputs of the microprocessor.
Would the chip include only two contacts, both connected to the inputs/outputs of the
microprocessor, such a layout in series would only be possible by including the second
capacitor on the electronic module, therefore decreasing the available space for the antenna

3. The antenna could then be too small for ensuring a proper power supply of the chip.

A sixth example of configuration is illustrated on Figure 8 in which the chip only includes three
contacts. The first contact and the third contact are then connected to the inputs/outputs of the
microprocessor, the first capacitor Cl is connected between the first contact P1 and the second
contact P2, the second capacitor C2 is connected between the second contact P2 and the third contact
P3. The electronic module includes an antenna 3a connected between the first contact P1 and the
third contact P3, and a second antenna 3b is connected between the second contact P3 and the third
contact P3. In this example, the first capacitor C1 is used as a tuning capacitor for the antennas and
the second capacitor C2 amplifies the energy captured by the antennas and delivered to the chip.

Such a microelectronic chip thus enables different circuits ensuring a proper power supply of
the chip, with no need of any antenna in the body of the smart card, while meeting the constraint of a
small available area induced by the short dimensions of the electronic module in which the chip is

included.



Claims

1. Electronic module (2) for a contactless smart card or dual contact and contactless smart card
comprising at least a first antenna (3a), a second antenna (3b), a third antenna (3c) and a
microelectronic chip (1) , characterized in that:

said microelectronic chip comprises a microprocessor, at least a first contact (P1), a second
contact (P2), a third contact (P3), a fourth contact (P4), a first tuning capacitor (C1) connected
between, the first contact (P1) and the third contact (P3), a second capacitor (C2) connected between
the second contact (P2) and the fourth contact (P4), said first and third contacts (P1, P3) being
connected to the inputs/outputs of the microprocessor and being configured to transmit to said
microprocessor a radio-frequency communication signal exchanged through the antennas,

said first antenna (3a) is connected between the first contact (P1) and the third contact (P3
and is configured to be brought into resonance by said first capacitor (C1),

said second antenna (3) is connected between the second contact (P2) and the fourth contact
(P4) and is configured to be brought into resonance by said second capacitor (C2) in order to capture
the energy transmitted by induction by a remote reader,

said third antenna (3c) is connected in series with said second antenna (3) between the
second contact (P2) and the fourth contact (P4) for transmitting the captured energy to the
microelectronic chip (1) and is coupled with the first antenna (3a) for transferring to the
microelectronic chip (1) through the first antenna (3a) the energy captured by the second antenna

(3b).

2. Electronic module (2) according to claim 1, wherein the second capacitor (C2) is a variable

capacitor.

3. Electronic module (2) according to any of claims 1 to 2, wherein the microelectronic chip (1)
comprises a variable resistor (R) connected in series with the second capacitor (C2) between the
second contact (P2) and the fourth contact (P4).



