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DESCRIPTION

TECHNICAL FIELD

[0001] The present invention relates to the field of electromagnetic shields. In particular, the
present invention relates to an electromagnetic shield having a switching capability between
different shielding behaviors.

BACKGROUND

[0002] Electromagnetic shields are typically used for reducing the electromagnetic field in a
space region by blocking the field with a barrier made of an electrically conductive material.
Shields are typically applied to isolate electrical devices and electrical cables from the outside
environment. Electromagnetic shielding that blocks radio frequency electromagnetic radiation
is also known as RF shielding.

[0003] The most common electromagnetic shield is the Faraday cage that is a mesh of
electrically conductive material arranged to surround a space region to be shielded. An
electrically conductive enclosure formed by a continuous covering of such materials is also
known as Faraday shield.

[0004] Normally, the mesh of a Faraday cage may be manufactured by forming openings to a
continuous sheet of electrically conductive material (e.g. metal) or by soldering electrically
conductive elements (e.g. rods or wires) between them so that an electrically conductive net is
formed.

[0005] The presence of an electrical field, external to the Faraday cage, causes the electric
charges within the cage's conducting material to be distributed such that they cancel the field's
effect in the cage's interior. Such shielding effect depends upon the material used, its
thickness, the size of the shielded volume and the frequency of the fields of interest and the
size, shape and orientation of apertures in the mesh to the incident electromagnetic field.

[0006] EP1890527 discloses Electric equipment comprises an electric appliance and a
conductive woven fabric formed by weaving conductive fibers therein. US2007159753
discloses a woven or interlaced electronic system for electronic EMI/RFI (Electromagnetic
Interference/Radio Frequency Interference) filtering and for Transient Voltage Suppression.

[0007] JP2004349511 discloses device for preventing leakage of electromagnetic wave
wherein an electrode is formed along one edge of a conductive woven fabric where conductive
fibers are woven into at least one of the warp and weft.
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[0008] US7830672 discloses an electromagnetic shielding carrying case comprising a front
and middle panel hingedly connected to a rear panel.

[0009] Faraday cages may be used for example in the so called "Faraday bags" that are bags
comprising a Faraday cage made of flexible metallic fabric. They are typically used to block
remote wiping or alteration of wireless devices recovered in criminal investigations, but may
also be used by the general public to protect against data theft or to enhance digital security
(e.g. for avoiding unauthorized contactless payments). As a result, it is possible to isolate
devices (e.g. smartphones, tablets, etc.) or contactless cards (credit/debits card, badges, etc.)
from the "outside world". However, Faraday bags can be uncomfortable for a daily use, for
example whenever the user needs to use the device (e.g. to receive a phone call) or to use the
contactless card (e.g. for a payment), the device or the card must be extracted from the
Faraday bag.

[0010] In the light of this problem, US2014146510A1 discloses a protective device for
electronically readable authentication card that can be switched between two shielding
configuration. The protective device comprises an electrically conductive mesh sheath
moveable between a first position (active shielding configuration) enclosing a card so as to
provide shielding from electromagnetic radiation, and a second position (inactive shielding
configuration) wherein the sheath is collapsed and the card is not shielded. This solution needs
a rigid support to which the conductive mesh is coupled for allowing a reliable movement
(switching) of the mesh between the extended and the collapsed configuration. The rigid
support could be uncomfortable for the user, for example when the device to be shielded is
adapted to be put in pocket (e.g. a smartphone). Furthermore, this solution appears to be very
complex and expensive in case of a wide space region to be shielded (for example a room or a
building).

SUMMARY OF THE INVENTION

[0011] An object of the present invention is to overcome the drawbacks of the prior art cited
above and to provide an electromagnetic shield and a related method for providing
electromagnetic shielding able be switched between different shielding behaviors in a simple
and reliable manner.

[0012] A further object of the present invention is to provide an electromagnetic shield and a
related method for providing electromagnetic shielding able to be easily assembled to an
article such as a garment, a wallet, a purse, a bag, a card holder, or a phone cover in a reliable
manner.

[0013] These and other objects are achieved by the present invention by means of an
electromagnetic shield according to claim 1, by a shielding fabric according to claim 14, by an
article according to claim 16, and by a method for providing electromagnetic shielding
according to claim 20. Preferred aspects of the invention are recited in dependent claims.
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[0014] In particular, according to the present invention, the electromagnetic shield comprises a
shielding surface, i.e. a surface provided with a plurality of electrically conductive elements,
wherein the plurality of electrically conductive elements are electrically connected to a
switching assembly configured to switch at least part of the electrically conductive elements
between an open configuration and a closed configuration.

[0015] In the open configuration, the electrically conductive elements are electrically insulated
from one another. In other words, when the electrically conductive elements are in the open
configuration, the switching assembly provides a very high resistance between the electrically
conductive elements, so that no, or very little electric current (theoretically zero) will flow
between the electrically conductive elements under the influence of an electric field.

[0016] In the shorted configuration, the electrically conductive elements are electrically
connected to each other at a common node. In other words, when the electrically conductive
elements are in the shorted configuration, the switching assembly provides a very low
impedance between the electrically conductive elements, so that electric current is allowed to
flow freely between the electrically conductive elements under the influence of an electric field.

[0017] This aspect advantageously enables to switch the electromagnetic shield between two
shielding behaviors without the need of a relative movement of the electrically conductive
elements with respect to the space region to be shielded. In particular, as will be described with
more details later, by switching the electrically conductive elements between the open
configuration and the shorted configuration, a change of the value of electromagnetic shielding
effectiveness (EMSE) of the shielding surface occurs.

[0018] Preferably, the common node is electrically connected to a fixed ground potential.
Alternatively or in addition, the common node is electrically connected to a dynamic driving
potential for driving the plurality of electrically conductive elements as a transmitting antenna.

[0019] Advantageously, the dynamic driving potential is provided by a resonant circuit that
preferably comprises a voltage controlled oscillator. This embodiment, allows to adjusting the
value of electromagnetic shielding effectiveness (EMSE) by controlling the oscillation frequency
of the dynamic driving potential.

[0020] A preferred embodiment provides that the switching assembly is further configured to
electrically connect either the common node to the fixed ground potential, or the common node
to the dynamic driving potential.

[0021] According to a particular aspect of the present invention, the electrically conductive
elements comprise at least a first set of electrically conductive elements and at least a second
set of electrically conductive elements. The switching assembly is further configured to switch
at least part of the electrically conductive elements between a first partially shorted
configuration and a second partially shorted configuration.
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[0022] In the first partially shorted configuration, the electrically conductive elements of the first
set are electrically connected to each other at the common node while the electrically
conductive elements of the second set are electrically insulated from one another.

[0023] In the second partially shorted configuration, the electrically conductive elements of the
second set are electrically connected to each other at a common node while the electrically
conductive elements of the first set are electrically insulated from one another.

[0024] Advantageously, the electrically conductive elements are spaced one from another, in
an embodiment, they are spaced by an electrically insulating material. Some embodiments
provide that the electrically conductive elements are metal wires, preferably coated with an
electrically insulating material (e.g. magnet wires). A magnet wire, also called "enameled wire"
is a metal wire (for example made of copper or aluminum) coated with a very thin layer of
insulation. Magnet wires are commercially available and are typically used in the construction
of transformers, inductors, motors, speakers, hard disk head actuators, electromagnets, and
other applications that require tight coils of insulated wire.

[0025] According to an aspect of the present invention, the electromagnetic shield comprises
control means for controlling the switching of said switching assembly by a user. The control
means may provide a user interface that can be for example a mechanical selector or a
communication module, or in general means for receiving a configuration setting. In other word
by means of the user interface of the control means, the user provides a configuration setting
to the switching assembly that corresponds to the shielding configuration of the electrically
conductive elements of the electromagnetic shield.

[0026] Preferably, the electrically conductive elements are arranged to form a mesh or a grid.
According to an aspect of the present invention, the mesh or grid comprises a plurality of

openings each having an extension of less than 400 mm?, preferably comprised between 1

mm?2 and 100 mm?2.

[0027] A particular embodiment of the present invention provides that the electrically
conductive elements are metal wires arranged to form at least a part of the warp and/or of the
weft of a fabric. Preferably, the metal wires are magnet wires coated with textile fibers, such as
e.g. cotton fibers (e.g. staple cotton fibers). The insulated metal wires may form part of the
warp yarns and/or of the weft yarns in a woven fabric.

[0028] A further object of the present invention is a shielding fabric, i.e. a fabric comprising a
plurality of insulated electrically conductive wires; suitable wires are wires made of an
electrically conductive material (e.g. metal) and sheathed with an electrically insulating material
(preferably magnet wires) arranged to form at least a part of the warp and/or of the weft of the
fabric. The insulated electrically conductive wires are configured to be electrically connected to
a switching assembly for providing an electromagnetic shield according to an embodiment of
the present invention. According to an aspect of the present invention, the shielding fabric is a
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denim fabric. A further object of the present invention is an article comprising an
electromagnetic shield according to the above discussed embodiments of the present
invention. For example, the article may be a garment, a wallet, a purse, a bag, a card holder,
or a phone cover. Preferably, the article comprises a shielding fabric according to the present
invention, more preferably the article is provided with at least a pocket made of the above
mentioned shielding fabric.

[0029] A further object of the present invention is a method for providing electromagnetic
shielding from an electromagnetic field comprising the following steps:

1. (a) providing an electromagnetic shield according to an embodiment of the present
invention;

2. (b) switching at least part of the electrically conductive elements of the electromagnetic
shield between the open configuration and the shorted configuration.

[0030] The step (b) causes a change of the electromagnetic shielding effectiveness (EMSE) of
the shielding surface at one or more frequencies of the electromagnetic field.

[0031] As a result, the electromagnetic shield of the present invention can be switched
between different shielding behaviors having different EMSE values at one or more
frequencies of the electromagnetic field. In other words, the basic idea is to have a grid or pile
of isolated conductors at the beginning and short circuiting them to create a cage of
conductors for altering the shielding behavior of the grid of conductors. This switch can be
implemented for any geometry, grouping of conductors, etc.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] The invention will now be described in greater detail, by way of example, with reference
to the accompanying non limiting drawings. It is emphasized that, according to common
practice, the various features of the drawing are not necessarily to scale. On the contrary, the
dimensions of the various features are arbitrarily expanded or reduced for clarity. Like
numerals denote like features throughout the specification and the drawings in which:

« Figure 1 schematically shows a perspective view of an electromagnetic shield according
to an embodiment of the present invention;

» Figure 2 is a cross section along the cutting plane A-A of the electromagnetic shield
shown in Figure 1;

e Figure 3A schematically shows a perspective view of an electromagnetic shield
according to a further embodiment of the present invention;

« Figure 3B is a cross section along the cutting plane B-B of the electromagnetic shield
shown in Figure 3A;

» Figure 4 schematically shows a perspective view of a shielding fabric according to an
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embodiment of the present invention;

« Figure 5 is a cross section along the cutting plane C-C of the shielding fabric shown in
Figure 4;

» Figure 6 schematically shows a perspective view of an electromagnetic shield according
to an embodiment of the present invention;

e Figure 7 shows a graph of the EMSE in the frequency domain of an embodiment of the
electromagnetic shield of the present invention in two shielding configuration (shorted
configuration in filled line and open configuration in dotted line).

DETAILED DESCRIPTION

[0033] Figure 1 shows an exemplary embodiment of an electromagnetic shield 1 according to
the present invention. The electromagnetic shield 1 comprises a plurality of electrically
conductive elements 2 arranged for defining a shielding surface. The shielding surface can be
defined as the surface that substantially separates the shielded space region from the outside
space region with respect to an incident electromagnetic field.

[0034] The electrically conductive elements 2 have a substantially linear shape, i.e. each
conductive element 2 extends mainly along a linear direction (along a main dimension, with the
other two negligible). For example, the electrically conductive elements 2 may be in form of
rods, wires or similar elements having an elongated shape. Preferably, the conductive
elements 2 can be arranged to form a mesh, a net or a grid as shown for example
schematically in figure 1. However, further embodiments (not shown) may provide that all the
electrically conductive elements 2 of the shielding surface are arranged substantially parallel to
each other still remaining in the scope of protection of the present invention.

[0035] With respect to figure 1, the electrically conductive elements 2 are electrically
connected to a switching assembly 3 (shown in dotted line) configured to switch the electrically
conductive elements 2 between an open configuration and a closed configuration.

[0036] In particular, the switching assembly 3 comprises a plurality of switching elements 4 that
may be preferably of the type electrically operated, such as relays, transmission gates or
similar switching elements known per se in the art. However, further embodiments can provide
that switching elements 4 comprise mechanically operated switches.

[0037] Each electrically conductive element 2 is electrically connected to a first terminal 4a of a
correspondent switching element 4 of the switching assembly 3. The second terminals 4b of
the switching elements 4 are electrically connected to a common node C.

[0038] The switching elements 4 comprise a control terminal 4c for controlling the opening and
the closing of the switching element 4 between the terminals 4a, 4b. In the case of
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mechanically operated switching elements 4, the control terminal 4c may be a lever or a
selector moveable between a closed and open position. In case of electrically operated
switching elements 4, the control terminal 4c may be an electrical terminal configured to
receive a control signal (e.g. a voltage) having a Boolean value representing the open status
and the closed status of the switching element 4.

[0039] When the switching elements 4 are open, the electrically conductive elements 2 are
electrically insulated from one another (open configuration). When the switching elements 4
are closed, the electrically conductive elements 2 are electrically connected to each other at
the common node C (shorted configuration).

[0040] The switching assembly 3 is electrically connected to one of the ends of the conductive
elements 2, so that when the electrically conductive elements 2 are in the shorted
configuration, the electrically conductive elements 2 are electrically connected to each other at
one of their ends. Further embodiments can provide that each end of the electrically
conductive elements 2 is electrically connected to a switching element 4, so that when the
electrically conductive elements are in the shorted configuration, both the ends of each
electrically conductive element 2 are electrically connected to the common node C.

[0041] As will be later shown with more details, by switching the electrically conductive
elements 2 of the electromagnetic shield 1 between the open configuration and the shorted
configuration, a change of the value of electromagnetic shielding effectiveness (EMSE) of the
shielding surface occurs.

[0042] In particular, the electromagnetic shielding effectiveness is a function of the frequency
values of the electromagnetic field incident to the shielding surface of the electromagnetic
shield. The values of the electromagnetic shielding effectiveness, at one or more frequency
values, change when the electrically conductive elements 2 of the electromagnetic shield 1 are
switched between the open and the shorted configuration.

[0043] In other words, the present invention provides an electromagnetic shield 1 having an
electromagnetic shielding effectiveness value, for example at a predetermined frequency, that
can be changed by controlling switching assembly 3.

[0044] In particular, by arranging the electrically conductive elements 2 in a proper manner, a
shielding surface having an electromagnetic shielding effectiveness value switchable between
two different values can be obtained. For example, for shielding electromagnetic fields in the
range of frequency comprised in the radiofrequency (RF), electrically conductive elements 2
may be arranged to form a mesh or a grid provided with openings having extension less than

400 mmZ2. Preferably, the extension of these openings may be comprised between 1 mm? and

100 mm?, more preferably about 10 mm?.

[0045] For example, some embodiments can provide that the electromagnetic shield 1 is
designed for a predetermined frequency of the electromagnetic field to be shielded so that a
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high value of EMSE is provided by the shielding surface when the electrically conductive
elements 2 are in the closed configuration, while a low value of EMSE is provided by the
shielding surface when the electrically conductive elements 2 are in the open configuration.

[0046] With respect to figure 2, the electrically conductive elements 2 are spaced one from
another by an electrically insulating material 5. Preferably, the electrically conductive elements
2 are sheathed by a dielectric layer 5 (e.g. insulated wires). For example, the electrically
conductive elements 2 may be copper wires, or metal rods sheathed with a dielectric layer 5.

[0047] In some embodiments (shown schematically in figures 3A and 3B) the electrically
conductive elements 2 may be embedded in one or more layers of electrically insulating
material 5 forming a sheet 11a, 11b. A plurality of said sheets 11a, 11b can be overlapped and
coupled together to form a shielding panel 11. These embodiments can be very useful when
the spatial region to be shielded is for example a room or a building.

[0048] Advantageously, the electrically conductive elements 2 of each panel 11 may be
provided with a first end having a connection terminal in form of a socket, the other end of the
electrically conductive elements 2 may be provided with a connection terminal in form of a plug
for carrying out a quick and simple electrical connection between a plurality of panels 11.

[0049] With respect to figure 4 and 5, the electrically conductive elements 2 may be metal
wires (e.g. copper wires), preferably magnet wires (or in general electrically conductive wires
sheathed with an electrically insulating material). In this embodiment, electrically conductive
elements 2 are arranged to form a part of the warp 12a and of the weft 12b of a fabric 12 that
is preferably a denim fabric.

[0050] Some embodiments may provide that the electrically conductive elements 2 are
arranged to form only a part of the warp 12a or only a part of the weft 12b of the fabric 12.
Other embodiments may provide that the electrically conductive elements 2 are arranged to
form the totality of the warp 12a and/or the totality of the weft 12b still remaining in the scope of
protection of the present invention. In general the shielding fabric 12 comprises a plurality of
electrically conductive elements 2 arrange to form at least a part of the warp 12a and/or of the
weft 12b of the fabric 12.

[0051] For example, the embodiment shown in figure 4 and in figure 5 provides that a quarter
of the warp yarns 12a of the fabric 12 comprises conductive elements 2. The electrically
conductive elements 2 are preferably arranged so that between two consecutive electrically
conductive elements 2 of the warp, three regular warp yarns 12a are present.

[0052] The weft 12b of the fabric 12 may be formed, in the same manner, as disclosed as for
the warp. As a result electrically conductive elements 2 form a grid having substantially square

openings, woven with regular yarns 12a, 12b.

[0053] A preferred embodiment may provide for example that the electrically conductive
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elements 2 are core-spun cotton yarns having a core comprising a copper magnet wire.
Referring to figure 6, the electromagnetic shield 1 may comprise a switching assembly 3
provided with two further switching elements 6 and 7. The switching element 6 is configured to
electrically connect the common node C to a fixed ground potential, the switching element 7 is
configured to electrically connect the common node C to a resonant circuit 8.

[0054] The resonant circuit 8 is configured to provide a dynamic driving potential for driving the
electrically conductive elements 2 as a transmitting antenna when the electrically conductive
elements of the electromagnetic shield 1 are in the shorted configuration and the common
node C is electrically connected to the resonant circuit 8.

[0055] The Applicant has been noted that by applying a dynamic driving potential (e.g. a
sinusoidal voltage signal) having a determined oscillation frequency to the common node C,
the EMSE value provided by the electromagnetic shield 1 changes with respect to EMSE value
provided when the common node C is electrically connected to a fixed ground potential.

[0056] In a preferred embodiment, the resonant circuit 8 comprises a voltage controlled
oscillator (VCO) for controlling the oscillation frequency of the dynamic driving potential. As a
result, the EMSE provided by the electromagnetic shield when the electrically conductive
elements in shorted configuration can be adjusted while the common node C is electrically
connected to the resonant circuit 8.

[0057] With respect to figure 6, the switching elements 6 and 7 are controlled to electrically
connect either the common node C to the fixed ground potential or the common node C to the
resonant circuit 8. In other words, when the switching element 6 is closed then the switching
element 7 is open so that the common node C is at the fixed ground potential. Analogously,
when the switching element 6 is open then the switching element 7 is closed so that the
common node C is at a dynamic driving potential provided by the resonant circuit 8. For
example, if the switching elements 6, 7 are electrically operated (such as transmission gates,
or relays), the control signal of the switching element 6 is the logic NOT with respect to the
control signal of the switching element 7 or vice versa.

[0058] However, some embodiments may provide that either the common node C is
electrically connected only to the fixed ground potential or that the common node C is
electrically connected only to the resonant circuit 8, still remaining within the scope of
protection of the present invention. In other words, the switching assembly 3 of these
embodiments is not provided with the switching element 6 and 7 and the common node C is
directly connected to the ground potential or to the resonant circuit 8.

[0059] The electromagnetic shield 1 comprises control means 9 for controlling the switching of
the switching assembly 3 by a user. For example, the control terminals 4c of the switching
elements 4 can be advantageously connected to logic circuit 9a configured for controlling the
opening and the closing of the switching element 4.
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[0060] The logic circuit 9a may be controlled by a user interface 9b that can comprise a
selector 9c¢ for example a mechanical selector 9c configured to select a shielding configuration
of the electrically conductive elements 2 between the open configuration and the shorted
configuration.

[0061] If the electromagnetic shield is further provided of a resonant circuit 8, the user
interface 9b may be further configured to select (for example by means of the selector 9¢) a
shielding configuration chosen between: the open configuration, the shorted configuration with
common node at a fixed ground potential, and the shorted configuration with the common
node C at a dynamic driving potential.

[0062] A preferred embodiment may provide that the user interface 9b comprises a
communication module 9d, preferably a wireless communication module (e.g. a Bluetooth
module) configured to receive a configuration signal from an external device 10 (for example a
smartphone, a PC, or a similar device).

[0063] The configuration signal can be selected by means of the external device 10, for
example by a graphic interface provided in the external device 10. In a preferred embodiment,
the switching assembly 3 is configured for allowing the control of the opening and the closing
for each switching element 4, so that the electrically conductive elements 2 of the
electromagnetic shield 1 can be switched between a first partially shorted configuration and a
second partially shorted configuration.

[0064] When the electrically conductive elements are in the first partially shorted configuration,
a first set of the electrically conductive elements 2 are electrically connected to each other at
the common node C while a second set of the electrically conductive elements 2 are electrically
insulated from one another. Analogously when the electrically conductive elements are in the
second partially shorted configuration, the electrically conductive elements 2 of the second set
are electrically connected to each other at the common node C while the electrically conductive
elements 2 of the first set are electrically insulated from one another.

[0065] The Applicant has been noted that the EMSE changes by switching the electrically
conductive elements 2 of the electromagnetic shield 1 between a partial shorted configuration
(the first or the second) and the open or shorted configuration.

[0066] For example, by means of the external device 10, the user may select the electrically
conductive elements 2 of the first and of the second set for defining the two aforementioned
partially shorted configurations. As a result, the EMSE can be adjusted by the user by switching
the electrically conductive elements of the electromagnetic shield between various partially
shorted configuration. Furthermore, the common node C of the electrically conductive
elements 2, in a partially shorted configuration, may be electrically connected to the fixed
ground potential or to a dynamic driving potential (having preferably an adjustable oscillation
frequency).
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[0067] In this way, the same electromagnetic shield 1 can be adjusted, for a determined
frequency of the electromagnetic field to shield, for providing an EMSE within a desired range
of values. In other words the electromagnetic shield can provide a shielding surface having an
EMSE switchable between a first value and a second value comprised in a desired first range
and second range respectively.

[0068] Summarizing, a method for providing electromagnetic shielding from an
electromagnetic field comprises the following steps:

1. (a) providing an electromagnetic shield according to any one embodiment of the present
invention;

2. (b) switching the electrically conductive elements 2 of the electromagnetic shield
between the open configuration and the shorted configuration.

[0069] The step (b) causes a change of the electromagnetic shielding effectiveness (EMSE) of
the shielding surface at one or more predetermined frequencies of the electromagnetic field.

[0070] Preferably, the method may comprise a further step (c) of adjusting the electromagnetic
shielding effectiveness of the shielding surface.

[0071] Some embodiments may provide that the step (c) is carried out for example by
selecting a part of the electrically conductive elements 2 (for example the first or second set of
electrically conductive elements 2) to be electrically connected to the common node (C) when
the electrically conductive elements are in a partially shorted configuration (for example in the
first or second partially shorted configuration). Some embodiment may provide that the step (c)
is carried out for example by adjusting the oscillation frequency of the dynamic driving potential
provided by a resonant circuit electrically connected to the common node (C). In this
embodiment, the step (c) may be carried out when the electrically conductive elements are in
the shorted configuration or in a partially shorted configuration.

[0072] Figure 7 shows a graph of the EMSE in the frequency domain when the electrically
conductive elements 2 of the electromagnetic shield 1 are in the shorted configuration (filled
line) and in the open configuration (dotted line).

[0073] In particular, the graph shown in figure 7 is based on a measurement of the EMSE
carried out according to the ASTM D 4935 - 10 on a sample of a shielding textile fabric 12,
wherein the electrically conductive elements comprise core-spun cotton yarns with a core
made of copper magnet wires having section diameter of about 35um. The electrically
conductive elements 2 are woven with other yarns made of cotton and form a grid provided
with openings having substantially a square shape with side of about 3 mm.

[0074] As can be noted from the graph, by switching the electrically conductive elements of the
electromagnetic shield between the shorted and the open configuration, the values of EMSE
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can change considerably. For example, at a first range (schematically indicated with a
rectangle R1) of frequencies comprised between about 800 MHz and 900 MHz the difference
between the values of EMSE provided by the electromagnetic shield with electrically conductive
elements in shorted configuration and in open configuration is comprised between about 10 dB
and 15 dB.

[0075] With respect to the figure 7, at a second range (schematically indicated with a rectangle
R2) of frequencies comprised between about 2,6 GHz and 2,7 GHz the difference between the
values of EMSE provided by the electromagnetic shield with electrically conductive elements in
shorted configuration and in open configuration is comprised between about 10 dB and 12 dB.

[0076] The electromagnetic shield 1 can be easily assembled to an article such as a garment,
a wallet, a purse, a bag, a card holder, or a phone cover. By switching the electrically
conductive elements of the electromagnetic shield 1 between the open configuration and the
shorted configuration, the EMSE of the shielding surface can be switched for example between
a first value that allows the passage of RF signals through the shielding surface and a second
value wherein RF waves are shielded.

[0077] Some embodiments may provide that the electromagnetic shield 1 is coupled to a
pocket, for example made of the shielding fabric 12 of the present invention. The pocket can
be assembled to a garment (for example a pair of pants), or to a pursue, or to a wallet. The
pocket may be used for example to directly or indirectly housing a contact-less credit/debit card
in its interior. By means of the user interface 9b (mechanically selector and/or wireless
communication module) the user can provide a configuration setting to the switching assembly
3 so that the electrically conductive elements of the electromagnetic shield 1 can be switched
between different shielding configurations (for example between the shorted and the open
configuration). The electromagnetic shield 1 can be designed for providing different values of
EMSE at the frequency used for carrying out contact less payment by the credit/debit card.
Thanks to this embodiment, the user may select a configuration setting providing a shielding
configuration with a high value of EMSE when the credit card is in the pocket and the user
desirers to prevent a unauthorized payment. WWhen the user desirers to use the credit card in
contact-less mode, the electromagnetic shield can be switched by the user by selecting a
configuration setting that provides a shielding configuration with a low value of EMSE.
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ELEKTROMAGNETISK AFSKARMNING, DER KAN OMKOBLES
PATENTKRAV

1. Elektromagnetisk afskeermning (1) omfattende en afskarmningsflade forsynet med en flerhed af
elektrisk ledende elementer (2), hvor flerheden af elektrisk ledende elementer (2) er elektrisk forbundet med
en omkoblingsanordning (3), der er konfigureret til at omkoble mindst en del af den elektromagnetisk
afskermnings (1) elektrisk ledende elementer mellem en aben konfiguration, hvor de elektrisk ledende
elementer (2) er elektrisk isoleret fra hinanden, og en kortsluttet konfiguration, hvor de elektrisk ledende

elementer (2) er elektrisk forbundet med hinanden ved en falles knude (C).

2. Elektromagnetisk afskermning (1) ifglge krav 1, hvor den fzlles knude (C) er elektrisk forbundet

med et fast jordpotentiale.

3. Elektromagnetisk afskermning (1) ifglge krav 1, hvor den falles knude (C) er elektrisk forbundet
med et dynamisk driftspotentiale til drift af flerheden af elektrisk ledende elementer (2) som en

transmissionsantenne.

4. Elektromagnetisk afskermning (1) ifglge krav 3, hvor omkoblingsanordningen (3) endvidere er
konfigureret til at elektrisk at forbinde enten den fzlles knude (C) med et fast jordpotentiale eller den falles
knude med det dynamiske driftspotentiale.

5. Elektromagnetisk afskermning (1) ifglge krav 3 eller 4, hvor det dynamiske driftspotentiale

tilvejebringes med et resonanskredslgb (8).

6. Elektromagnetisk afskermning (1) ifglge krav 5, hvor resonanskredslgbet (8) omfatter en

spandingsstyret oscillator.

7. Elektromagnetisk afskaermning (1) ifglge et hvilket som helst af de foregaende krav, hvor de

elektrisk ledende elementer (2) er adskilt fra hinanden af et elektrisk isolerende materiale (5).

8. Elektromagnetisk afskarmning (1) ifglge et hvilket som helst af de foregiende krav, hvor flerheden
af elektrisk ledende elementer (2) omfatter et fgrste szt af elektrisk ledende elementer (2) og et andet szt af
elektrisk ledende elementer (2), hvor omkoblingsanordningen (3) endvidere er konfigureret til at omkoble
mindst en del af den elektromagnetiske afskermnings (1) elektrisk ledende elementer mellem en farste delvist
kortsluttet konfiguration, hvor det fgrste sats elektrisk ledende elementer (2) er elektrisk forbundet med
hinanden ved den falles knude (C), og det andet szts elektrisk ledende elementer (2) er elektrisk isoleret fra
hinanden, og en anden delvist kortsluttet konfiguration, hvor det andet sats elektrisk ledende elementer (2)
er elektrisk forbundet med hinanden ved den fzlles knude (C) og det fgrste sats elektrisk ledende elementer
(2) er elektrisk isoleret fra hinanden.

9. Elektromagnetisk afskermning (1) ifglge et hvilket som helst af de foregdende krav omfattende
styremiddel (9) til styring af en brugers omkobling af omkoblingsanordningen (3).

10. Elektromagnetisk afskarmning (1) ifglge et hvilket som helst af de foregiende krav, hvor flerheden
af elektrisk ledende elementer (2) er indrettet til at danne et net eller et gitter.

11. Elektromagnetisk afskarmning (1) ifglge krav 10, hvor nettet eller gitteret omfatter en flerhed af

dbninger med en forlengelse pd mindre end 400 mm?, fortrinsvis pi mellem 1 mm? og 100 mm?.
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12. Elektromagnetisk afskaermning (1) ifglge et hvilket som helst af de foregiende krav, hvor de
elektrisk ledende elementer (2) er metalwirer, fortrinsvis coatet med et elektrisk isolerende materiale.
13. Elektromagnetisk afskermning (1) ifglge krav 12, hvor metalwirerne er indrettet til at danne mindst
en del af at stofs (12) kadetrad (12a) og/eller skudtrad (12b), fortrinsvis er metalwirerne coatet med
tekstilfibre.
14. Afskaermningsstof (12) omfattende en flerhed af isolerede, elektrisk ledende wirer (2) indrettet til at
danne mindst en del af afskermningsstoffets (12) kadetrad (12a) og/eller skudtrad (12b), hvor wirerne (2) er
elektrisk forbundet med en omkoblingsanordning (3) ifglge et hvilket som helst af de foregiende krav.
15. Afskaermningsstof (12) ifglge krav 14, hvor stoffet (12) er et denimstof.
16. Genstand omfattende en elektromagnetisk afskermning (1) ifglge et hvilket som helst af de
foregdende krav fra 1 til 13.
17. Genstand ifglge krav 16, hvor genstanden omfatter et afskaermningsstof (12) ifglge krav 14 eller 15.
18. Genstand ifglge krav 17, hvor genstanden er udstyret med mindst en lomme fremstillet af
afskaermningsstoffet (12).
19. Genstand ifglge et hvilket som helst af de foregiende krav fra 16 til 18, hvor genstanden valges
mellem en bekledningsgenstand, en tegnebog, en pung, en taske, en kortholder eller et telefonetui.
20. Fremgangsmade til tilvejebringelse af elektromagnetisk afskeermning fra et elektromagnetisk felt
omfattende fglgende trin:

(a) tilvejebringelse af en elektromagnetisk afskarmning (1) ifglge et hvilket som helst af de
foregdende krav fra 1 til 13;

(b) omkobling af mindst en del af den elektromagnetiske afskaermnings (1) elektrisk ledende
elementer mellem den &bne konfiguration og den kortsluttede konfiguration.
21. Fremgangsmade ifglge krav 19, hvor trin (b) bevirker en &ndring af afskermningsfladens
elektromagnetiske afskarmningseffektivitet (EMSE) ved én eller flere af det elektromagnetiske felts

frekvenser.
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