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“NETWORK OF ELECTRONIC DEVICES ASSEMBLED ON A FLEXIBLE
SUPPORT AND COMMUNICATION METHOD”

TECHNICAL FIELD

The present invention relates to a network of electronic
devices assembled on a flexible support and to a communication

method.

BACKGROUND ART

As 1s known, the majority of current electronic devices 1is
formed in silicon chips by virtue of the excellent
characteristics of this semiconductor material. However, one
of the limitations of silicon resides 1in 1its lack of
flexibility, which prevents use thereof in some applications.
For example, silicon 1is far from suited for application on
fabrics or other substrates that, owing to or during their
use, may undergo folding. On the other hand, the alternative
materials currently understudy, such as conductor or
semiconductor polymeric materials, have electrical
characteristics that are incomparably worse than those of
silicon so that they currently do not represent a feasible

alternative.

It 1s thus desirable to provide solutions that enable
implementation of circuits or networks of electronic devices
of a flexible type. However, the connection of electronic
devices of a conventional type with flexible supports, for

example, a fabric or a plastic support, is problematical.

In fact, currently, the connections between electronic devices
require electrical conductive paths, which, however, entail
limitations in the type and degree of flexibility. For
example, ribbon connectors of plastic material available on
the market may be folded, but the maximum radius of curvature
must be much greater than the thickness of the connector, for

example ten times. Another limitation resides in the number of
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bending or folding events that the supports may undergo. For
example, some prior connectors allow only a single folding
operation, for example during assembly, and cannot modify

their spatial arrangement subsegquently.

Thus, 1t 1s desirable to provide solutions where the support
may undergo events of folding, bending, pulling, twisting or
other types of stress, without undergoing damage, breaking, or
creating points and lines of interruption such as to
jeopardize the electrical continuity and thus render the

entire network unusable.

DISCLOSURE OF INVENTION

The aim of the present invention is to provide a network of
integrated electronic devices that overcomes the drawbacks of

the prior art.

According to the present invention a network of electronic
devices assembled on a flexible substrate and a communication
method are provided as defined in <claims 1 and 24,

respectively.

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the present invention, preferred
embodiments thereof are now described, purely by way of non-
limiting example, with reference to the attached drawings,
wherein:

- Figures 1 and 2 show, in side view and in top plan view, an
embodiment of the present network as a smart panel or ribbon;

- Figure 3 1is a block diagram of a device belonging to the
present network;

- Figures 4a, 4b and 4c show cross—-sections, taken along
section plane IV-IV of Figure 2, of two different embodiments
of the device of Figure 1;

- Figure 5 shows a different embodiment of the present

network, in top plan view;
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- Figures 6 and 7 show cross-sections of possible embodiments
of a detail of the device of Figure 3;

- Figures 8 and 9 are cross-sections of a detail of the device
of Figure 3;

- Figure 10 shows a cross-section of a terminal portion of the
present network;

- Figure 11 is a top plan view of the portion of Figure 10;

- Figure 12 shows different embodiments of +the present
network, in top plan view;

- Figure 13 is a cross-section of a solution of Figure 12;

- Figures 14 and 15 show a different embodiment of the present
network, respectively in top plan view and 1in perspective
sectional view taken along the plane XV-XV of Figure 14;

- Figure 16 shows a different embodiment of the present
network, 1n cross-sectional view;

- Figure 17 shows a different embodiment of the present
network in top plan view;

- Figure 18 shows another embodiment of the present network to
be applied to a garment;

- Figure 19 is a block diagram of the network of Figure 18;

- Figures 20a and 20b show two examples of conductive wires
that may be used in the network of Figure 18;

- Figures 2l1la and 21b are, respectively, a top plan view and a
cross—sectional view of an embodiment of a node of the network
of Figure 21;

- Figures 22a, 22b and 23 show variants of the node of Figure
2la, in top plan view;

- Figures 24 and 25 are two possible cross—-sections of the
detail of Figure 23;

- Figure 26 1is a top plan view of another detail of the
network of Figure 18;

- Figure 27a and 27b are top plan views of a different detail
of the network of Figure 18;

- Figures 28-30 are cross-sections of embodiments of a detail
complementary to the detail of Figure 27;

- Figure 31 shows a different embodiment of the present
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network, once again to be applied to a garment;

- Figure 32 shows a cross-section of the enlarged detail of
the network of Figure 31;

- Figures 33a and 33b show in top plan view, in an unbuttoned
condition, and in cross-section, in a buttoned condition, a
different embodiment of the enlarged detail of the network of
Figure 31;

- Figures 34-36 show another variant of the enlarged detail of
the network of Figure 31, respectively in top plan view and in
cross—sectional view and of a single flap of the garment;

- Figure 37 shows a cross-sectional view of a different detail
of the network of Figure 31;

- Figure 38 is a top plan view of a detail complementary to
that of Figure 37; and

- Figure 39 1s a Dblock diagram of the connection to two
networks, once again for application to a garment or to two

different garments.

BEST MODE FOR CARRYING OUT THE INVENTION

In the embodiments shown in Figures 1-17, a flexible substrate
15 carries, embedded inside it, a plurality of devices 1, so
as to form a smart panel 20. The devices 1 are electrically

separate, but magnetically connected together.

With specific reference to Figures 1 and 2, the smart panel 20
is in the form of a ribbon, and the flexible substrate 15 1is
of flexible material, for example polymeric material such as
Kapton or Teflon, which laterally surrounds the devices 1 (as
may be noted from Figure 2), but is level with these at the

top and at the bottom, as may be noted from Figure 1.

The smart panel 20 may have, however, any shape, not

necessarily elongated.

The devices 1 have each at least one antenna 4 of a near-field

type. Two magnetic strips 17 extend above or inside the
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flexible substrate 15 in proximity of or contiguous to the
antennas 4, and preferably the magnetic strips 17 have a width
smaller than the corresponding dimension of the antennas.
According to one embodiment, and with reference to the
orientation shown in Figure 2, if the devices 1 have a single
antenna 4, this 1is wvertically aligned to one of the two
magnetic strips 17 (as shown in Figure 2); 1f the devices 2
have two antennas 4, each antenna 4 is arranged vertically
aligned with respect to a respective magnetic strip 17 or to

connected magnetic portions, as discussed hereinafter.

The magnetic strips 17 have first ends that may be connected
together (as indicated by the dashed line 12) to form a closed
magnetic circuit (with the possibility of interruptions or
airgaps), and second ends connected to a magnetic generator
18, generating, in use, a magnetic field B. In this way, as
shown in Figure 2, the magnetic field B is confined within the
two magnetic strips 17 and is oriented in each of them in an
opposite direction. In practice, the magnetic strips 17 form a
magnetic c¢ircuit, which, thanks to the coupling with the

antennas 4, connects the devices 1 in a network 14.

The magnetic circuit enables efficient transmission of signals
and power between the devices 1 in absence of physical/
electrical contact. Furthermore, any possible failure of the
magnetic strips 17, for example as a result of repeated
folding of the flexible substrate 15, does not interrupt the
circuit. Moreover, because of the magnetic coupling between
the antennas 4 and the strips 17, no electrical-contact pads
or regions are necessary on the flexible substrate 15, which
could reduce the flexibility thereof and may undergo damage.
In addition, it is not indispensable for the strips 17 to be
continuous, but gaps, i.e., absence of magnetic material in
one or more short stretches, may exist or be arise without
this implying interruption and thus malfunctioning of the

network 14. In this way, when mechanical stresses, folds with
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a small radius of curvature or repeated folding and/or
stresses of any other kind (including ageing) were to lead to
discontinuities of the magnetic strips 17, this would not

jeopardize communication between the devices 1 and/or their

supply.

The network 16 of Figures 1 and 2 may be obtained in the
following way: 1nitially the devices 1 are glued on a
supporting plate, for example, provided with an adhesive
surface; then the plastic material is applied in a liquid or
molten condition, at a temperature such as not to damage the
devices 1, for example by spinning; next, polymerization and
hardening of the plastic material is carried out; and finally
the excess plastic material parts are removed from the top
surface, for example by etching and planarization until the
devices 1 are exposed, 1f so desired. Finally, 1f necessary,
the obtained structure is cut into the desired shapes or

divided into various parts, for example various ribbons.

The magnetic strips 17 may be obtained, for example, by inkjet
printing, using an ink used in the semiconductor industry
containing magnetic particles. As an alternative, the
technique of aerosol printing of magnetic material may be
used, or the magnetic strips 17 may be pre-moulded and
applied. For example, the magnetic strips 17 may be of soft
magnetic material, such as CoZrTa, FeHfH(O) and the 1like,
chosen also on the basis of the frequencies used for
communications between the devices 1. If high frequencies are
used, of the order of some gigahertz, the material may be
subject to thermal annealing steps in presence of magnetic
field (magnetic annealing) to optimize the characteristics of

the magnetic material.

Alternatively, as discussed hereinafter with reference to
Figure 4a, the polymeric material parts of the flexible

substrate 15 surrounding the devices 1 also at the top are not
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removed. In this <case, it 1is also possible to apply a
polymeric material layer on the rear side of the panel 20,
after it has been flipped over. In this case, the devices 1
are completely embedded in the flexible substrate 15. It 1is
also possible to apply the further polymeric material layer
after forming of the magnetic strips 17, thereby embedding
them within the panel 20.

Figure 3 shows the basic structure of a device 1 forming part
of the network 14. In 1ts basic structure, each device 1
comprises an electronic part 2 and the antenna 4. In addition,
one or more non-electronic elements 8 may be provided,
connected to the electronic part 2. The device 1 may also
comprise more than one antenna, typically two antennas 4, as

discussed hereinafter.

In turn, the electronic part 2 includes an integrated circuit

7 and a transceiver circult 3.

For example, the electronic unit 7 (schematically represented
in the figure Dby electronic components 9) may operate,
possibly together with the non-electronic components 8, as
sensor, actuator, interface, or electrode; 1in addition, the
integrated circuit 7 may be a memory, a control unit, a power-
supply unit, a converter, an adapter, a digital circuit, an

analog circuit, an RF circuit, etc.

The non-electronic element or elements 8, of an
electrical/mechanical/chemical type, may be, for example,
microelectromechanical systems (MEMS, NEMS, for example
constituting sensors or actuators), or electrodes, wells,

cells, vials for ligquids, microchannels, etc.

The transceiver circuit 3 may be obtained physically separate

from the integrated circuit 7 or together therewith.
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The transceiver circuit 3 has the function of connecting the
integrated circuit 7 to the antenna 4 for transmitting and/or
receiving signals and/or power and typically comprises a
transponder or a transceiver and AC/DC and/or DC/AC converter

circuits.

Fach antenna 4 is formed in the proximity of a main surface 10
of the device 1 or faces said surface, and 1s generally
provided as loop antenna (with one turn or multiple turns),
even though it is possible to use also jointly other types of
antennas, such as, for example, Hertzian dipoles, or
interfaces of a capacitive type. In particular, the antenna
may be obtained following the teachings of the patent
application No. WO 2010/076187.

The device 1 may further comprise a magnetic via 13, extending
inside the device, underneath the antenna 4 (with respect to
the main surface 10) or within the antenna 4 (as described,
for example, in aforesaid patent application WO 2010/076187)
as far as a second main surface 11 opposite to the first main
surface 10; the magnetic via 13 1is electrically uncoupled from
the antenna 4. The magnetic wvia 13 1is, for example, shaped

like a truncated pyramid or a truncated cone set upside down.

As has been mentioned, the device 1 may be basically formed by
a semiconductor chip or by a complex system. Typically, if the
integrated device 1 1is formed by a <chip (as shown, for
example, in Figure 4a), this includes a semiconductor
substrate 21 and a dielectric layer 22. The semiconductor
substrate 21, for example of silicon, houses the electronic
part 2 and possibly the non-electronic elements 8 (at least
partially, since, in some applications, these may project from
the device 1). The dielectric layer 22 houses antenna or
antennas 4 and the possible internal connections of conductive
material, for example metal, which form wvarious metallization

levels connected by vias, in a per se known manner, not shown.
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Instead, if the integrated device 1 is a more complex system,
it may be formed by a package housing packaged systems and
devices, for example SoCs (Systems-on-Chip), SiPs (Systems—-in-
Package), in turn integrating the electronic part 2 and/or the
non-electronic elements 8, and the antenna or antennas 4. For
example, the device 1 may be packaged using a technique
similar to the wafer-level chip-scale packaging, applying a
resin for moulding on a main surface and on the sides of the
wafer, turning over the wafer, and providing the rest of the

system on the free face.

For example, in the embodiment of Figure 4a, the device 1 is
formed by a chip. Moreover, here, the flexible substrate 15
completely surrounds the device 1 and the magnetic strips 17.
Alternatively, as indicated, the flexible substrate 15 may be
flush or level with the top and/or bottom surface of the chip,
and the magnetic strips 17 may extend over the flexible

substrate 15; in addition, the chip 1 may have two antennas 4.

Figure 4b shows a device 1 formed by a chip, here coated, on
its entire outer surface, by a package 23 of moulded resin. In
this case, at least one magnetic via 24 is formed through the
package 23, vertically aligned to the antenna 4 and to one of
the two magnetic strips 17. In the example shown, the device 1
has two antennas 4; consequently, two magnetic wvias 24 are
present, in direct contact with the respective magnetic strips
17. Here, the flexible substrate 15 surrounds the device 1
only laterally, but could surround it also at the top and/or

at the bottom.

In this way, the device 1 is sturdier, since it is protected

on the outside by the package 23.

In the device 1 of Figure 4b, the antennas 4, the magnetic

vias 24, and the magnetic strips 17 are all arranged on a same
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side (top side) of the device 1.

However, they may be arranged both in the top portion and in
the bottom portion of the device 1. For example, in a variant
not shown, both the antennas 4, just one magnetic via 24, and
just one magnetic strip 17 may be arranged in the part top of
the device 1, and the other magnetic wvia 24 and the other
magnetic strip 17 may be arranged in the bottom part. In this
case, a magnetic path (not shown) that laterally surrounds the
device 1 may connect the magnetic via arranged at the bottom
to the corresponding antenna arranged at the top, or
alternatively a magnetic via 13 similar to that of Figure 3

may be formed.

In one embodiment shown in Figure 4c¢, the antenna 4 1is no
longer provided substantially parallel to the surfaces 10 and
11 of the device 1, but extends substantially parallel to a
vertical plane. For example, the antenna 4 may be formed in
part (first portion 400) in the dielectric layer 22 of the
device 1, and in part (second portion 401) in a top layer 14,
formed by the flexible substrate 15 (similarly to Figure 4a)
or by a separate layer, such as a flexible printed-circuit
board. In this way, the antenna 4 may surround the magnetic
strip 17. The second portion 401 may be obtained with known
techniques, such as, for example, via wire bonding or paths of
conductive material connected to contact pads (not shown) of
the device 1. In a variant, the second portion 401 may be
surrounded by or comprised in a package 23 similar to Figure
4b. In addition, even though Figure 4c¢ shows the antenna 4
formed by two turns, the number of turns may be different (one

or more than two).

Figure 5 shows an embodiment where the magnetic strips 17 are
not shaped as straight lines, but are formed by segments of
any shape, even curved. This solution proves advantageous when

the flexible substrate 15 undergoes frequent folding and
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bending since it bestows a greater flexibility on the magnetic
strips 17, above all in the direction transverse to the length
of the smart panel 20. The flexibility of the magnetic strips
17 may also be increased 1f each of them is formed by the
superposition of a plurality of layers, 1in which case their
flexibility is increased in the direction of the thickness of

the smart panel 20.

Furthermore, in Figure 5, also the devices 1 are arranged in a
non-aligned way with respect to the longitudinal direction of

the smart panel 20.

Figures 6 and 7 show two alternatives of coupling between two
antennas 4 and the transceiver 3 of a same device 1. In Figure
6, the antennas 4 are arranged in series with respect to one
another and to the transceiver 3. Thus, as a result of the
magnetic field B concentrated in the magnetic strips 17, a
current Ia is generated within the antennas 4, having the same
amplitude in both antennas, but traversing the turns of the
two antennas 4 in opposite directions. In practice, in one of
the two antennas 4 there 1is a conversion of energy from
magnetic into electrical and in the other antenna 4 there is a

conversion of energy from electrical to magnetic.

By introducing a modulation of the magnetic field, it 1is
possible to transmit and receive electrical signals. In fact,
the current Ia generated in a first of the two antennas 4
flows also 1in the transceiver 3, which thus, 1in addition to
extracting power, extracts the modulated electrical signals at
input and transmits them to the integrated circuit 7 (Figure
3). In addition, the transceiver 3 receives electrical output
signals from the integrated circuit 7, supplies them to the
other antenna 4, and this transmits them to the magnetic strip
17 coupled thereto. The transceiver 3, 1in particular, may
contain an AC/DC and DC/AC converter. Transmission and

reception may moreover take place in both antennas.
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For example, the modulation could be of an ASK (Amplitude
Shift Keying) type and regard 10% of the amplitude of the
magnetic field B, while the remaining 90% is dedicated to
power supply. The frequencies that may be used may be, for

example, in the 10MHz-10GHz range.

Figure 7 shows a solution with parallel connection. Here, the
two antennas 4 are connected together via two lines 30, and
the transceiver 3 1is connected with a first terminal to one of
the two lines and with a second terminal to the other line 30.
In this case, one of the two antennas 4 1is traversed by a
first current Ia, and the other antenna 4 is traversed by a

second current Ib.

In a variant not shown, each of the two antennas 4 1is
connected to a respective pair of terminals of the transceiver
3 (which is a quadrupole). In this way, there is a cascaded
connection between the first antenna, the transceiver, and the
second antenna, and thus the two antennas 4 of the device 1

are not directly connected together.

Also further wvariants are possible. In particular, if the
device 1 integrates two integrated circuits 7, these may be
connected both in series, both in parallel, or one in series

and the other in parallel, in a way not shown.

In Figure 8, two magnetic vias 31 extend through the
dielectric layer 22 and through respective antennas 4,
vertically aligned to a respective magnetic strip 17. Two
magnetic regions 32 extend underneath the antennas 4, each

connected to a respective magnetic via 31.

The magnetic regions 32 enable closing of the lines of force
of the magnetic field and increase of the coupling between the

antennas 4 and the corresponding magnetic strips 17.
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As an alternative to Figure 8, it is possible to have a single
magnetic via 31 and a single magnetic region 32, in particular

if just one antenna 4 is present.

Figure 9 shows a solution with a single magnetic region 33
extending between the two magnetic wvias 31. In an alternative
solution, the magnetic region 33 extends between the two
antennas 4, underneath them, even in absence of the magnetic
vias 31. In vyet another alternative (not shown), 1t is
possible to have Jjust one antenna 4, traversed by a first
magnetic via 31 connected to a second magnetic via 31 without
antenna. The solution of Figure 9 and the alternatives
described enable closure of the magnetic field and may be used
for the last device 1 so as to implement the connection 12 of
Figure 2, or also in an intermediate way so as to have a
plurality of closure points of the magnetic field in a

distributed way.

Figures 10 and 11 show a possible implementation of the
connection of the magnetic strips 17 to the magnetic generator
18. In detail, two final magnetic wvias 35a, 35b extend
underneath the second ends 19 of the magnetic strips, through
the entire thickness of the flexible substrate 15, and have,
for example, the shape of a truncated cone, and end in

proximity of a closure or closing region 36.

The closing region 36 1s of magnetic material and extends on
the rear side of the panel 20, between the final magnetic wvias
35a, 35b so as to close the magnetic circuit. A conductor 37,
for example a metal wire, 1is wound around one of the final
magnetic wvias 35a, 35b, here the final magnetic wvia 35b, and
is coupled to a power—-supply unit 38. The power-supply unit 38
comprises a radiofrequency a.c. current source and a control
electronics, of a known type, and may be external (as

represented with a solid line) or embedded in the flexible
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substrate (as represented with a dashed line). In practice,
the conductor 37 forms an electric winding that transforms the
a.c. current supplied by the power-supply unit 38 into the
magnetic field B. The radiofreguency a.c. current source
generates at least one signal (for example, a sinusoid, a
square wave, a triangular wave) at at least one frequency. In
one variant, a signal at a first frequency F0 may supply a
plurality of devices 1, and a set of signals or carriers at
different frequencies F1-Fn may be used by various devices 1
for communicating with each other. The power-supply unit 38
may possibly comprise also transceiver circuits for enabling
an external system to communicate with the smart panel 20, or
for enabling passage of information from one carrier at the

frequency Fi to a carrier at the frequency Fj.

Figure 12 shows a different conformation of the strips 17,
which, instead of extending over the devices 1, extend
alongside the 1latter and are provided with projections 40
ending on top of the devices 1. In practice, the projections
40, four different ©pairs shown in the figure, extend
transverse to the magnetic strips 17. In the three pairs of
projections further to the right, the projections are each
formed by a single segment that ends above a respective
antenna 4. In the pair further to the left, the projections 40
are formed by a first segment 40a extending from and
transverse to a respective magnetic strip 17 and by a second
segment 40b extending from and transverse to the first segment

40a and ending at the antennas 4 of two adjacent devices 1.

In Figure 12, the arrows indicate the direction of the

magnetic field B in the projections 40.

The projections 40 are formed together with the magnetic
strips 17, of the same material and with the same thickness,
as may be seen in the cross-section of Figure 13, where the

device 1 is completely embedded in the flexible substrate 15.
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Magnetic vias 24, similar to the homologous ones of Figure 4b,
may be provided 1in the flexible substrate 15, Dbetween the

projections 40 and the antennas 4.

Figures 14-15 show a network 14 where the devices 1 are
arranged on different levels and are coupled to magnetic
strips 17, which are also arranged on more levels. In
practice, each level 1s formed by a flexible support 15
housing a plurality of devices 1 and magnetic strips 17
forming one or more magnetic circuits magnetically coupled to

the devices 1.

The shown example has three levels, the elements whereof are
identified by the letters a, b and c. The devices in the top
level are designated by la, the devices in the intermediate
level are designated by 1lb, and the devices in the bottom
level are designated by 1c, these devices being surrounded,
respectively, by a top flexible support 15a, an intermediate

flexible support 15b, and a bottom flexible support 15c.

Here, the devices la, 1lb and 1lc are coupled to magnetic strips
17a-17d, which extend on four different surfaces so as to
reduce the number of magnetic strips 17. In the example shown,
a first magnetic strip 17a (where the magnetic field has a
first direction, see Figure 15) extends over the top flexible
support 15a; a second magnetic strip 17b (where the magnetic
field has a second, opposite, direction) extends between the
top flexible support 15a and the intermediate flexible support
15b, surrounded by insulating or dielectric material 50 (which
may be of the same type as the one used for the flexible
support); a third magnetic strip 17c¢ (where the magnetic field
has the first direction) extends between the intermediate
flexible support 15b and the Dbottom flexible support 15c¢,
surrounded by the dielectric material 50; and the fourth
magnetic strip 17d (where the magnetic field has the second

direction) extends underneath the bottom flexible support 15c,
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surrounded by the dielectric material 50.

The first magnetic strip 17a is coupled to the devices 1la of
the top level via first projections 40c coplanar to the first
magnetic strip 17a. The second magnetic strip 17b 1is coupled
to the devices la of the top level via second projections 40d
coplanar to the first magnetic strip 17a and magnetic
connection wvias 5la traversing the first flexible substrate
15a. The second magnetic strip 17b is moreover coupled to the
devices 1lb of the intermediate level through third projections
40e. The third magnetic strip 17c is coupled to the devices 1b
of the intermediate level through fourth projections 40f and
magnetic connection wvias 51b traversing the second flexible
substrate 15b. The third magnetic strip 17c¢ 1is moreover
coupled to the devices 1c¢ of the bottom level through fifth
projections 40g coplanar to the third magnetic strip 17c¢. The
fourth magnetic strip 17d is coupled to the devices 1lc of the
bottom level through sixth projections 40h and magnetic
connection wvias 51c traversing the third flexible substrate

15c.

Of course, the projections 40a-40h could be provided in any of
the ways shown in Figure 12; for example, each projection 40a-
40h may be formed by a plurality of segments, be aligned or
staggered, or inclined in different ways. By virtue of the
plurality of levels, 1t 1is possible to have a plurality of

magnetic generators 18.

Figure 16 shows an embodiment with more levels, or stacked
embodiment, and the device 1 arranged on the bottom level
carries needles 60 having microchannels and projecting at the
bottom from the panel 20, for enabling injection of liquids in
wells (not shown) housed 1in the device 1. The device 1
arranged at the intermediate level is a SiP (System in
Package) having magnetic vias 24 between the magnetic strips

17 and the antennas 4 (not shown), and the top device 1 may be
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an ASIC with a possible MEMS device, for example operating as
a transducer. Alternatively, the bottom device 1 may carry
electrodes (not shown) facing the bottom surface of the panel
20, for application of stimuli to a surface to which the panel
is applied (for example, the skin) for carrying out
stimulation in order to measure biological parameters and the

like.

Figure 17 shows an embodiment of the ©present network 14
wherein the panel 20 is configured as a ring so that it may be
fitted on the human body or on an animal, for example as
bracelet, collar, thigh strap, waist belt and the 1like. For
example, the panel may form a flexible bracelet, for instance,

a watch bracelet.

The panel 20 may be continuous or provided with an openable
fastener and houses a plurality of devices 1 and one or more
magnetic strips 17 so as to form a flexible and foldable
apparatus such as a cellphone, a tablet, a television set, a
computer, a medical apparatus, and the like, associated, if so

desired, to a traditional wrist watch.

In the embodiments shown in Figures 18-39, a smart network is
formed on a same fabric, on a same garment, on different
portions not connected together of a same garment, or on a
plurality of garments. Here, the network 1is divided into a
plurality of systems, which, thanks to the contained
dimensions of each system, are inserted in smart buttons.
Hereinafter, the divided systems are referred to as "devices"

by analogy with the embodiment of Figures 1-17.

Here, each device inserted in a smart button has an embedded
antenna that enables connection with the other devices of the
network in wireless mode using passive wired conductive lines,
provided with wired antennas at nodes of the network. The

smart buttons are arranged at the nodes and receive energy via
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an electromagnetic concentrator/expander.

In detail, Figures 18 and 19 show the structure of a network
100, formed on a garment 101. The network 100 comprises an
electrical line 102 extending on the fabric of the garment 101
and electrically connecting together a plurality of
intermediate nodes 103. In turn, each intermediate node 103 1is
magnetically coupled to a respective device 104 (Figure 19)
housed in a smart button. The network 100 further comprises a
main node 105 coupled to a power-supply unit 106, for supply
of the network. As shown in particular in Figure 19, each
intermediate node 103 is basically formed by a wired antenna
110. Each device 104 may be basically formed as the device 1
of Figures 1-17 and may comprise at least one semiconductor
chip or form a complex system, for example a SiP. Basically,
each device 104 comprises an embedded antenna 111, coupled to
a respective wired antenna 110, one or more functional
elements 112, and one or more electronic circuits 113. Here,
in general, and similarly to the non-electronic elements 8 of
Figure 3, the functional elements 112 comprise one or more
non-electronic elements, of an electrical/mechanical/chemical
type, such as microelectromechanical systems (MEMS, for
example forming sensors or actuators or more in general
transducers), or interfaces, electrodes, wells, cells
containing 1liquids, etc., and the electronic circuits 113
(equivalent to the electronic part 2 of Figure 3) may comprise
memory elements, control units, converters, adapters, digital
circuits, analog circuits, RF circuits, 1in addition to a

transceiver circuit similar to the circuit 3 of Figure 3.

Also the power-supply unit 106 comprises an embedded antenna
108, coupled to a respective wired antenna 107 of the main
node 105, a battery or a set of batteries 115, and a DC/AC
converter 116, connected between the battery 115 and the
embedded antenna 108. The power-supply unit 106 may moreover

comprise a memory for storing the data transmitted by the
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devices 104 through the corresponding intermediate nodes 103
and may be connected to a cellphone (not shown) for exchanging

data with other external systems, even remote ones.

Furthermore, in Figure 19 a far-field antenna 120 is provided
for enabling connection with the external environment, for
example with a further garment or a generic electronic system,
and is connected with the network 100 through the electrical

line 102.

The electrical line 102 may be formed by a single conductive
wire that may possibly be welded at the ends and forms both
the loops of the antennas 107, 110 (as discussed hereinafter)
and the forward and return lines or partly forward and partly
return lines. Alternatively, the electrical 1line 102 may be
formed by a plurality of conductive wires, arranged on top of
or embedded in the material of the garment 101. In all cases,
the electrical line 102 is made of conductive materials, for
example copper, aluminium, tungsten, gold, silver, nickel,
platinum, or their alloys. The electrical 1line 102 may be
considered as a transmission line that may be of a known type,
for example of a twin-lead type or of a GSG (Ground Signal
Ground) or GSSG (Ground Signal Signal Ground) type or the
like.

For example, Figure 20a shows a solution where the garment 101
is formed by a knitted fabric. In this known solution, the
knitted fabric is formed by a plurality of vyarns 125, and
conductive wires 121 extend therethrough and is made, for
example, of copper or aluminium. Alternatively, the conductive
wires 121 may be formed by optical fibres, or even the optical
fibres, generally of flexible material, may be knitted
selectively together with the vyarns 120 and form part of the

fabric material.

Figure 20b shows a different solution, where the fabric is
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woven and is formed by standard weft and warp yarns 125, and
electrical wires 126, for example of copper or aluminium, are
embedded directly within at least some of the yarns 125, for

example twisted simultaneously therewith.

In both solutions, the electrical wires 121 and 126 are
generally insulated; for example, they are have a sheath or a

dielectric coating.

The network 100 is thus of a modular type, and the devices 104
(some embodiments whereof are described hereinafter) are
interchangeable so as to enable devices 104 having different
functional elements 112 to be positioned each time according
to the requirements. This enables systems to be obtained that
globally have characteristics even markedly different from

each other on the basis of the type of smart buttons used.

The devices 104, the power-supply unit 106, and the garment
101 are manufactured separately and are galvanically insulated
from one another, thus rendering the system very reliable,
flexible, repairable, configurable, and suited for being worn.
The garment 101 may also be washed in a conventional way,

preferably after prior removal of the smart buttons.

Figures 2la and 21b show an embodiment of the main node 105

and of the power-supply unit 106.

In detail, as may be seen from the cross-section of Figure
21b, the power-supply unit 106 is closed in a package 130, for
example of plastic, and 1s housed in a pocket 133 of the
garment 101 overlying the wired antenna 107 so that the
embedded antenna 108 and the wired antenna 107 are
magnetically coupled and the latter may receive power for

supplying the entire network 100.

The wired antenna 107 of the power-supply unit 106 (like the
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wired antenna 110 of the smart buttons 104) may be obtained
simply as a turn of conductive material for RF 1lines and
antennas (such as, for example, a wire of aluminium or an
aluminium alloy or coated with aluminium so as to prevent
oxidation). The wired antenna 107 is formed by the same
conductive wires as the electrical 1line 102 and 1s also
integral with the fabric of the garment 101 similarly to what
discussed previously with reference to Figures 20a and 20b, or

the conductive wires may be sewn on a pre-existing fabric.

The pocket 133 may be a traditional pocket of the garment 101,
or a purposely provided pocket, provided with a fastener (not
shown), for example a zip or a Velcro fastener that enables
easy opening thereof for removal of the power-supply unit 106
together with the corresponding package 130, for example for
replacing the battery 115 or for replacing the entire power-

supply unit 106, when the battery 115 is run down.

Figure 22a shows an embodiment where the wired antenna 107 is
at least formed by a conductive wire 122, and a separate U-
shaped portion of wire 124 1is arranged between the forward
stretch and the return stretch of the conductive wire 122 so
as to form two fringing capacitors 134 in series to each
other. In this way, the fringing capacitors 134 form, with the
loop of the antenna 107, a parallel LC circuit forming a
resonant antenna that enables a better transfer of energy from

the power-supply unit 106 to the main node 105.

Figure 22b shows a variant of Figure 22a, where the fringing
capacitor 134 1is formed by two parallel stretches arranged

close to the conductive wire 122.

Figure 23 shows an embodiment of the main node 105 wherein a
magnetic shield 137 extends in the fabric of the garment 101
underneath the wired antenna 107 of the main node 105 (see

also Figure 24). The magnetic shield 137 is formed by a



10

15

20

25

30

35

WO 2013/178529 - 22 - PCT/EP2013/060635

magnetic film, for example a cobalt or nickel alloy or a soft
magnetic material, with a different pattern, for example
forming a regular or irregular plane geometry, such as a
rectangle or square or a pattern formed by segments, connected
or not, the envelope whereof covers the entire area of the

wired antenna 107.

The magnetic shield 137 enables shielding of the generated
magnetic field for a person who is wearing the garment 101 and
thus reduction of the dangerous effects in particular when the
signals exchanged on the network 100 have a high frequency,
for example of 1 GHz. In a variant, the magnetic shield may be

replaced by a conductive shield, for example of aluminium.

Moreover, the magnetic shield 137 may form part of a magnetic
cage 139 also including a top portion 138, as shown in Figures
24 and 25 so as to obtain a good confinement of the magnetic

field inside the pocket 133.

In Figure 24, the top portion 138 of the magnetic cage 139 is
formed within the package 130 of the power-supply unit 106 and
also this is formed by a magnetic film, having a structure and
made of materials similar to those of the magnetic shield 137,
except for the fact that it extends spatially so as to define

five surfaces of a polyhedron.

Alternatively, according to Figure 25, the top portion 138 may
be provided 1in the fabric of the pocket 103 and may be
connected or not to the magnetic shield 137. Obviously, in
either case, the magnetic cage 139 is electrically insulated

from the conductive wires 122, 123.

Figure 26 shows an embodiment wherein the main node 105 is
coupled to a cellphone 142 that may be put in a pocket 143 of
the garment 101, for example, a traditional pocket. Here, the

cellphone 142 has an own antenna 144 of an inductive type,
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similar to the embedded antennas 111 of the devices 104 or the
embedded antenna 108 of the power-supply unit 106 and coupled
to the wired antenna 107 arranged at the pocket 143.
Alternatively, the antenna 144 may be formed by an antenna
144a of a Hertzian type (as shown in the enlarged detail of
Figure 26) and by an antenna 144b of an inductive type,
coupled to the wired antenna 107 on the garment 101. The
antenna 144b of +the inductive type has the purpose of
supplying energy, whereas the antenna 144a of the Hertzian
type has an equivalent antenna (not shown and similar to the
antenna 144a) on the garment 101 and may be used for

communications.

With this solution, the cellphone 142 operates as interface
between the network 100 and the outside world and is able, for
example, to send signals outside, for example, measured vital

parameters for medical analyses and/or alarm signals.

Figures 27b, 27b, and 28-30 show possible embodiments of the
smart button, designated by 150, and of the corresponding
wired antenna 110. Here, see fig 28, the smart button 150 has
a structure similar to known press—-studs and comprises a
mushroom-shaped body 151 and a fixing ring 152. The mushroom-
shaped body 151 has a stem 153 and a head 154, and the fixing
ring 152 has a hole 155 designed to house the terminal portion
of the stem 153. To this end, the mushroom-shaped body 151 and
the fixing ring 152 are made of partially compliant material,
preferably plastic, and have dimensions such as to generate an
interference connection and block the stem 153 safely inside
the hole 155 (pressure blocking). Alternatively, the stem 153
may have a diameter slightly smaller than the hole 155 but
have a peripheral projection co-operating with an annular
groove of the fixing ring 152, or vice versa, so as to further
ensure constant mutual positioning. Alternatively, other known
fixing means may be provided, for example screw, magnet, or

the like means.
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The garment 101 is arranged between the head 154 and the
fixing ring 152 and has, at the intermediate node 103, a
through opening 160, passed by the stem 153. The through
opening 160 has a diameter that 1s the same as or 1little
larger than the stem 153. In addition, the head 154 of the
mushroom-shaped body 151 and the fixing ring 152 are arranged

on opposite sides of the garment 101.

In the embodiment of Figure 27a, within the garment 101, at
the 1intermediate node 103, the conductive wires 122, 123 are
curved to form semi-arched portions 161 surrounding the eyelet
160 on opposite sides so as to form a sort of loop forming the

wired antenna 110.

Figure 27b shows an embodiment wherein the wired antenna 110
is formed by a first conductive wire 122 extending to form the
loop of the wired antenna 110 and has a return portion 135
coupled to a second conductive wire 125 through a fringing
capacitor 134. Here, the fringing capacitor 134 forms, with
the loop 110, a series LC circuit of a resonant antenna that
enables a better transfer of energy between the intermediate

node 103 and the corresponding device 104.

Advantageously, the fringing capacitor 134 of the series LC
circuit reduces and in certain cases eliminates the need for
welds or electrical —connections between the wires, in
particular when the electrical line 102 and the corresponding
plurality of nodes 103 are formed by a single conductive wire,

as explained above.

As shown in Fig 28, each mushroom-shaped body 151 houses a
regpective device 104; 1in detail, a functional element 112,
here, for example, an electrode/sensor 162, 1s housed within
the stem 153, while another functional element 112, for

example an interface 163, 1is arranged in the head 154. The
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position and number of the functional elements 112 are only
indicative and may vary according to the requirements. The
interface 163 may comprise, for example, a LED element, a
microphone, a loudspeaker, a switch, or a keypad membrane, for

input of a datum.

The electronic circuit 113 is here housed in the head 154 and
is connected to the embedded antenna 111 and to the functional
elements 112. Also here, the electronic circuit 113 may
comprise an integrated circuit, a SoC, a SiP, and the like. In
general, the functional element or elements 112 and the
electronic circuit or circuits 113 may be arranged variously,
according to the specific requirements. In addition, in a
variant not shown, the embedded antenna 111 may be integrated

within the electronic circuit 113.

In Figure 28, two portions of the wired antenna 110 are shown,
corresponding to the <c¢ross-section of +the turn or turns
forming wired antenna 110 ad the fixing ring 152 contains a
shield element 164, of an annular shape formed by a magnetic
or conductive film, similar to the magnetic shield 137 of

Figure 24.

In the embodiment of Figure 29, the functional elements 112
may comprise a container, tray, or vial 167 and a syringe 169
connected together by a duct 166. In detail, here the
container 167, filled with a medicament 168 (for example
insulin), is arranged, for example, in the head 154 and is
connected to the syringe 169, represented only schematically.
The top surface of the head 154 is here formed by a
transparent wall 170 for inspection of the container 167, for
example in order to indicate when the latter is empty. The
electronic circuit 113, here incorporating the embedded
antenna 110, may regulate the passage of the medicament 168
from the container 167 to the syringe 169, by controlling a
valve 172 in the duct 166.



10

15

20

25

30

35

WO 2013/178529 26 PCT/EP2013/060635

The smart button 150 of Figure 29 may, for example, be a
disposable component to be replaced after the container 167
has been emptied. Moreover, other smart buttons 150 of the
network 100 may carry out monitoring of preset quantities (for
example, the content of sugar in the blood of the person who
is wearing the garment 101) 1in order to be able to dispense
preset amounts of the medicament 168 in a programmed way, when

necessary.

In Figure 30, the container 167 1is connected to an input
channel 173, one end whereof projects from the head 154. The
input channel 173 advantageously has closing elements (not
shown) and/or 1s connected to an external reservoir (not

shown) and enables filling of the container 167 when emptied.

Figures 31-35 refer to a solution wherein the network 100
extends on various garments 101 or various parts of a same
garment that are separated by a discontinuity, for example
different flaps 101la, 101b of a jacket (as shown 1in Figure
31), but may be connected via buttons or some other closing
system allowing overlapping of fabric flaps, if it  is
necessary to transfer power and thus a near-field magnetic
coupling is required. In the alternative, the antennas could
be <close to one another if they are used only for
communication, in which case it is possible to use also far-

field antennas (not shown).

In this case, the network 100 is formed by two or more network
portions 100a and 100b, the electrical 1lines 102a, 102b
whereof not are electrically connected to one another because

of at least one physically interrupted line.

According to Figure 31, a single main node 105 supplies the
network portions 100a and 100b. These have a plurality of end

nodes 180a, 180b arranged at fastening elements (eyelets,
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buttons, press studs, zips), for example, in proximity of the
edge of the respective flap 10la, 101b of the garment 101. In
practice, obviously, the end nodes 180a and the end nodes 180b
are equal in number and are arranged so that the overlapping
of the two flaps 10la, 10lb of a same garment 101 or of two
different garments (not shown) and the possible fastening
operation will lead to a superposition between each half-node
180a and a respective half-node 180b. The end nodes 180a, 180b
are each basically formed by a respective loop antenna 183a,
183b embedded in the fabric of the garment 101. In this way,
the operation of closing or fixing of the two flaps 10la, 101b
leads to superposition of the loop antennas 183 and thus to
magnetic coupling of the network portions 100a and 100b at the
end nodes 180a, 180b (near-field coupling).

Consequently, in this case, the network 100 may comprise just

one main node 105 and a just one power-supply unit 106.

Figure 32 shows the cross-section of the garment 101 when the
garment 101 1is fastened with fasteners 181 (e.g., snap
fasteners, snaps, poppers, press-studs) . In detail, the
fasteners 181 are formed by two halves 18la, 18lb similar to
those of a traditional fastener, and are provided with
blocking rings 182. Also here, the nodes 180a, 180b are formed
within the fabric of the garment 101.

Alternatively, the fasteners 181 may provide an electrical
connection between the lines 102a, 102b of each half-network,
exploiting the contiguity and direct contact between the two
halves 181la, 181lb of the fasteners 181. In this case, each
fastener 181 may comprise connectors (formed by conductive
portions fitted together) to create at least one electrical
connection. In this case, the antennas 183 may be provided or

not.

A device 104 may also be provided embedded in one of the two
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halves 18la, 181b of the fastener 181, which would thus

operate as smart button.

Figures 33a and 33b regard a garment 101 having a fastening
system with button and eyelet. In this case, the end nodes
180a may be arranged at eyelets 185, and the end nodes 180Db
may be provided at buttons 186 of the type sewn using thread
187 on the respective flap of the garment 101.

Here, the end nodes 180a, 180b are once again formed each by a
regspective loop antenna 183a, 183b embedded or fixed in the
regpective flap of the garment 101 so that the operation of
buttoning causes superposition of the loop antennas 183. The
two loop antennas 183a, 183b have comparable dimensions. In
addition, also here, the button 186 may embed a device 104
coupled, via the respective embedded antenna 110, to the
underlying loop antennas 183. For example, the embedded
antenna 110 of the device 104 may be arranged on the periphery
of the button 186, for example formed on the top or bottom
surface of the button 186.

Alternatively, the button 186 may embed the embedded antenna
110 of the device 104, and the loop antenna 183b of the half-
node 180b may be formed in the respective flap of the garment

101b underneath the embedded antenna 110.

In Figures 34 and 35, a thread 191 that holds the button 186
attached to the respective flap 101b of the garment 101 1is
made of magnetic material. Here, the button 186 houses the
antenna of the device 104, designated by 192 and arranged
outside the device 104. The antenna 192 may have, for example,
the shape of an 8 on its side so as to form two turns arranged
alongside each other and contiguous, each surrounding a
respective hole 193 of the button 186. The node 180b may here
be formed by a similar double-loop antenna 194 with two turns

(one whereof open, for connection with the electrical 1line
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102b), as may be seen in Figure 36, where the button 186 has
not been represented for clarity. Here, the loop antenna 183b
forms two cilrcumferences 195 and 196, whereof circumference
195 1s external and 1s substantially congruent with, and
superimposable (after buttoning) on, the loop antenna 183a on
the other flap 10la, and circumference 196 is internal and
passes between the holes 193 of the button 186 so as to couple
with the antenna 192 of the device 104. Alternatively, the
node 180b may be provided as a single turn arranged underneath

one of the two turns of the double-loop antenna 192.

According to another alternative, the button 186 may not house
any device 104, or the device 104 may have an own embedded

antenna 111 as an alternative to the double-loop antenna 192.

The presence of the wire 191 of magnetic material enables an
increase in the magnetic coupling between the two end nodes

180a, 180b and possibly the device 104.

Moreover, the external circumference 195 enables a good
coupling with the loop antenna 183a on the other flap 101la,
and the internal circumference 196 enables a good coupling

with the double-loop antenna 192.

According to a variant not shown, the loop antenna 183b may be
formed by a single turn, that passes between the holes 193 of
the button 186 and has a circular or polygonal shape. This
solution 1is particularly suitable if a Dbutton 186 has a

double-loop antenna 192, as in Figure 34.

Figures 37 and 38 show a smart button 197 that may be used for
connecting two separate networks via a far-field connection,
for example the network 100 with a domotic network or a music
installation, as represented by the dashed portion of the

electrical line 102 of Figure 31.
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The smart button 197 has two stems 198, 199 projecting from a
single head 200 and designed to extend each through a
regspective opening 201 and 202 of the garment 101. The stems
198, 199 are fixed through respective fixing rings 253, as has
been described for the stem 153 of Figure 28. Alternatively, a
single fixing element may have two holes for fixing,
connection by snap-action, or connection by interference with

the stems 198, 199.

The smart button 197 houses one or more functional elements
112, one or more electronic circuits 113, and two embedded

antennas 111, one for each stem 198, 199.

The garment 101 has a first wired antenna 205 surrounding one
of the holes, here the hole 201, similarly to Figure 27. The
first wired antenna 205 is formed by the conductive wires 122,
123 and is magnetically coupled to one of the embedded
antennas 111 of the smart button 197. In addition, the garment
101 has a Hertzian antenna formed by two dipoles 206a and
206b, connected wvia electrical conductors 207 to a second
wired antenna 208 extending around the other hole, here the
hole 200, and coupled to the other embedded antenna 111 of the
smart button 197.

This solution may be used in particular when the power-supply

unit 106 has not a far-field antenna.

Figure 39 shows an architecture that enables connection
between two different networks 210 and 211, each of which is
formed as described for the network 100. The networks 210, 211
may be formed on a same garment 101 or on two adjacent
garments, such as trousers and jacket of a pair of overalls.
The two networks 210, 211 are coupled together through two
antennas 215, 1in near field when there 1s a single power-
supply unit 106 for the two networks 210, 211, for example

arranged in the network 211. The two networks 210, 211 are
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coupled together through two far-field antennas 215, 1if both
the networks have an own power—-supply unit 106. One of the two
networks, for example, the network 211, may be coupled to a
cellphone 142 that enables connection to the outside world; in
this case, the cellphone 142 may also comprise the power-

supply unit 106.

One of the two networks 210, 211 may be arranged also on an
object different from a garment, for example on a watch
bracelet and may have a display for displaying signals
generated by the sensors of the other network, without any
power—-supply unit, in so far as it receives the electrical

power necessary for its operation from the other network.

The network described herein has numerous advantages.

In fact, it may be formed on flexible supports and thus
enables arrangement of electronic devices, which are in
themselves not flexible, wherever necessary, since the
connection between the devices 1s obtained without contact
(wireless), and thus folding of the support does not entail

any risk of interrupting the electrical connection.

In addition, it is modular, and may be easily adapted to the
specific requirements by inserting or fixing devices suited

for the purpose.

Finally, it is clear that modifications and variations may be
made to the network described and illustrated herein, without
thereby departing from the scope of the present invention, as

defined in the attached claims.

For example, in the solution of Figures 1-17, magnetic wvias
may traverse the devices 1 for improving coupling between the
antennas 4 and the magnetic strips 17, moreover enabling use

of a single strip that may possibly be closed to form a ring
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or toroid.

The individual technical solutions described in the wvarious
embodiments may be variously combined together so as to
provide innumerable embodiments, according to the

requirements.
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CLAIMS

1. A network (100) of electronic devices, comprising:

a flexible substrate (15; 101);

a plurality of electronic devices (1; 104) assembled on the
flexible substrate, the electronic devices having mutual

coupling means (4; 111) of wireless type.

2. The network according to claim 1, wherein each electronic
device (1; 104) comprises a chip or a complex system
integrating a transceiver circuit (3) connected to the mutual
coupling means (4; 111) and a functional part (7, 8; 112)
connected to the transceiver circuit and including at least
one element chosen in the group comprising: a sensor, an
actuator, a transducer, an interface, an electrode, a memory,
a control unit, a power-supply unit, a converter, an adapter,
a digital circuit, an analog circuit, an RF circuit, a
microelectromechanical system, an electrode, a well, a cell, a

container for liquids.

3. The network according to claim 1 or 2, wherein the mutual
coupling means (4; 111) are magnetic-coupling means including

at least one first near-field antenna (4; 111).

4., The network according to c¢laim 3, wherein the flexible
support 1is a substrate (15) of plastic material embedding the
electronic devices (1) and carries at least one first strip
(17) of magnetic material that extends over or in the flexible
substrate and is magnetically coupled to the antenna (4) of

the electronic devices.
5. The network according to claim 4, comprising a second strip
(17) of magnetic material extending at a distance from the

first strip (17).

6. The network according to claim 5, wherein the mutual
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coupling means comprise a second antenna (4), the first
antenna (4) being aligned to the first strip (17) or to
projections (40) thereof, and the second antenna (4) being

aligned to the second strip (17) or to projections thereof.

7. The network according to any one of claims 4 to 6, wherein
each device (1) further comprises at least one magnetic via
(31) extending underneath the first magnetic strip (17) and
through the first antenna (4) and at least one magnetic region
(32) extending underneath the first antenna (4), connected to

the magnetic via (31).

8. The network according to any one of claims 4 to 7, further
comprising a magnetic generator (18) connected to one end of

the strip (17).

9. The network according to any one of claims 5-6, further
comprising a magnetic generator (18) connected to first ends

of the first and second strips (17).

10. The network according to any one of claims 5, 6, and 9,
wherein the electronic device (1) comprises a first main
surface (10) and a second main surface (11) and the first and
second strips (17) extend both on the first main surface (10)
or the first strip (17) extends on the first main surface (10)
and the second strip (17) extends on the second main surface
(11) and a magnetic connection via (57) extends through the
electronic device (1) or the flexible substrate (15) for

connection between the second strip and the first main

surface.
11. The network according to any one of <c¢laims 4-10,
comprising a plurality of flexible substrates (15a-15¢)

arranged on top of each other, each substrate of the plurality

embedding a plurality of electronic devices (1).
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12. The network according to any one of claims 1 to 3, wherein
the flexible substrate (101) is a fabric and carries a
plurality of <connection nodes (103) and at least one
electrical 1line (102) electrically connecting the connection
nodes; each connection node comprising a network antenna (110)
facing the antenna (111) of a respective electronic device

(104) .

13. The network according to claim 12, wherein each electronic
device (104) is embedded in a insulating material body (151)
having mechanical connection means (153) for coupling with the

fabric.

14. The network according to claim 12 or 13, further
comprising a main node (105) magnetically coupled to a power
supply unit (106) housed in a pocket (133) of the fabric
(101) .

15. The network according to any one of claims 12-14, wherein
an electrical line (102) is connected to a far-field antenna

(120; 144; 206) for connection with an outside world.

16. The network according to any one of claims 12 to 15,
wherein an electrical line (102) is embedded within the fabric

(101) .

17. The network according to any one of claims 12 to 16,
comprising a magnetic shield (137), arranged at least

underneath each node (103, 105).

18. The network according to any one of claims 13 to 17,
wherein the body is a press stud (151) and comprises a head
(154) and a stem (153) extending through the fabric (101) and
blocked by a fixing ring (152), the head of the press stud and
the stem being arranged on opposite sides of the fabric (101)

and the network antenna (110) being formed by a magnetic
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material loop.

19. The network according to any one of claims 12-17, wherein
the fabric (101) has two mutually connectable flaps (101a,
101b), each flap having a half-network (100a, 100b) and end
nodes (180) designed to be magnetically coupled together.

20. The network according to claim 19, wherein the end nodes
comprise eyelets (185) surrounded by respective antennas
(183b) that may be arranged on top of one another; half-
buttons (181) of press-stud type being inserted in each eyelet
for fixing the two flaps (10la, 101b) to each other.

21. The network according to claim 19, wherein the end nodes
(180a) of a first half-network (100a) comprise a plurality of
eyelets (185), each surrounded by a respective end antenna
(183a), and the end nodes (180b) of a second half-network
(100b) comprise a respective plurality of end antennas (183b)

and a corresponding plurality of sewn buttons (186).

22. The network according to claim 21, wherein at least some

sewn buttons (186) house a respective electronic device (104).

23. A smart Dbutton (150) for wuse in the network (100)
according to any one of claims 12 to 22, housing an electronic
device (104) comprising a chip or a complex system integrating
antenna means (111), an electronic circuit (113) connected to
the antenna means and a functional part (112) connected to the
electronic circuit and including at least one element chosen
in the group comprising: a sensor, an actuator, a transducer,
an interface, an electrode, a memory, a control unit, a power-—
supply unit, a converter, an adapter, a digital circuit, an
analog circuit, an RF circuit, a microelectromechanical

system, an electrode, a well, a cell, a container for liquids.

24. A communication method 1n a network (100) formed on a
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flexible substrate (15; 101) bearing a plurality of electronic
devices (1; 104) each having a respective device antenna (4;
111), comprising:

transmitting signals and power in the network; and
transmitting the signals and the power to the electronic
devices via magnetic coupling between the network and the

device antennas.
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