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DESCRIPTION

Description

TECHNICAL FIELD

[0001] The present invention relates to the field of the capacitive sensing. In particular, the
present invention relates to a composite yarn for a fabric implementing a touch sensor.

BACKGROUND

[0002] Capacitive touch sensors comprise a plurality of electrically conductive wires, electrically
insulated from each other, and arranged to form a grid.

[0003] Capacitive touch sensors may employ the "self-capacitance sensing" technique wherein
each sensing wire is connected to a controller configured to evaluate the capacitance value of
each sensing wire, i.e. independently to each other. In these capacitive touch sensors, the
controller is configured to detect the change of value in the capacitance of each sensing wire
due to the parasitic capacitance provided by an object (e.g. a finger) touching the sensing wire.
The position of a touch event is determined by the controller by detecting which sensing wires
(i.e. which rows and columns) of the capacitive grid are touched, so that the position of the
touch is determined as X, Y coordinates on the capacitive grid.

[0004] Some capacitive touch sensors employ the "mutual capacitance sensing" technique
wherein the controller is configured to evaluate sequentially the mutual capacitance value at
each intersection of sensing wires. In other words, the controller is configured to evaluate the
capacitance value of each capacitor formed between sensing wires for each row and each
column of the capacitive grid. A touch of an object (e.g. a finger) on the capacitive grid is
detected as a change of value in the mutual capacitance.

[0005] Capacitive touch sensors embedded in a fabric are known. For example,
US2016048235A1 discloses a fabric implementing a capacitive touch sensing comprising a
plurality of electrically conductive wires, electrically insulated from each other, and arranged to
form a grid.

[0006] Each wire is connected to a controller configured to evaluate the capacitance value of
each wire (i.e. using the "self-capacitance sensing”). The controller detects the position of a
touch event by detecting which horizontal wire and which vertical wire is touched, by detecting
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changes in capacitance of each respective wire of the capacitive grid. The controller uses the
intersection of the crossing wires that are touched to determine the position of the touch event
on the capacitive grid, so that the position of the touch is determined as X, Y coordinates on
the capacitive grid.

[0007] The capacitive grid can be embedded in a fabric by using the electrically conductive
wires as weft yarns and warp yarns. However, each electrically conductive wire of the
capacitive grid (vertical and horizontal wires) have to be electrically connected to a sensing
circuit by means of electrical contacts arranged along both the vertical side and the horizontal
side of the capacitive grid. The routing of the electrical connections between the capacitive grid
and the sensing circuit may be very complex when the capacitive grid has a great number of
electrically conductive wires.

[0008] Furthermore, in case of a touch sensor having a substantially rectangular form (i.e.
having a number of horizontal wires different with respect to the number of vertical wires) or
provided with electrically conductive wires arranged parallel along only one direction (e.g. in
case of a swipe sensor), the arrangement of the electrical contacts and the routing of the
electrical connections between the conductive wires and the sensing circuit may be very
difficult to be designed, making the production of the touch sensor complex and expensive and
in some cases causing a stiffening of the touch sensor structure.

[0009] Document WO 2004/003273 A2 discloses a coaxial conductive yarn structure 100
comprising an inner conductive yarn 102 extending in a first direction and having a plurality of
first conductive strands being twisted together; an outer conductive yarn 106 having a plurality
of second conductive strands 108 being twisted together, the outer conductive yarn 1006 being
wrapped around the inner conductive yarn 102 in a second direction transverse to the first
direction and substantially covering the inner conductive yarn 102; and at least one insulating
layer 104 for electrically isolating the inner and outer conductive yarns from each other.

[0010] The above structure is described as able to reduce signal crosstalk between adjacent
lines in woven electrical networks, improving signal integrity in fabric-based electrical circuits.

[0011] Document EP 1176610 A1 discloses a thin wire for production of a fiber material. In
particular, a woven or nonwoven fabric comprises a metal wire which is coated with an organic-
based protective, electrically conductive layer. A method of production of an electrically
conductive fabric is also disclosed in which, first a compound thread is produced by covering
the wire with textile fibers, and subsequently such a thread is used to produce of the fabric.

[0012] Document WO2016154561 A1 describes conductive thread for interactive textiles. An
interactive textile includes a grid of conductive thread woven into the interactive textile to form
a capacitive touch sensor that is configured to detect touch-input. The interactive textile can
process the touch-input to generate touch data that is useable to initiate functionality at various
remote devices that are wirelessly coupled to the interactive textile. The interactive textile
disclosed may aid users in controlling volume on a stereo, pausing a movie playing on a
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television, or selecting a webpage on a desktop computer.

[0013] Document WO2014092781 A1 discloses a flexible electrically functional woven or
nonwoven fabric comprising a plurality of textile fibers; and at least one flexible electrically
functional fiber capable of at least one of providing energy storage and/or electrical
interconnection to an electrical component. The fabric may comprise a microprocessor, a
power source, a switch, a transducer, a light emitting device, a data storage device, a
transmitter, a receiver or any combination thereof.

SUMMARY OF THE INVENTION

[0014] An object of the present invention is to overcome the drawbacks of the prior art cited
above and to provide a composite yarn that allows to produce a touch sensor having a simple
routing of the electrical connections.

[0015] A further object of the present invention is to provide a touch sensor and a method for
detecting the location of touch event on a support layer (for example a fabric) able to detect
the touch event in a precise and reliable way.

[0016] These and other objects are achieved by the present invention by a composite yarn, a
touch sensor, and a method for detecting a touch event according to the independent claims.
Preferred aspects of the invention are recited in the dependent claims.

[0017] In particular, according to the present invention, the composite yarn comprises an
electrically conductive yarn and an electrically resistive yarn, wherein the electrically conductive
yarn is coupled to the electrically resistive yarn, and wherein the electrically conductive yarn is
electrically insulated from the electrically resistive yarn.

[0018] According to the present invention, the electrical resistance per unit of length of the
electrically conductive yarn is less than 200 Q/m.

[0019] According to the present invention, the electrical resistance per unit of length of the
electrically resistive yarn is comprised between 10 k/m and 10 MQ/m. The electrically
resistive yarn has a capacitance value that changes when an object touches it (a parasitic
capacitance of the object is coupled to the electrically resistive yarn). The change in
capacitance value of the resistive yarn is function of two main aspects: the parasitic capacitive
coupling between the electrically resistive yarn and the object touching it, and the location on
which the touching event occurred along the length of the resistive yarn with respect to the
read-out point on which the capacitance value of the electrically resistive yarn is evaluated (i.e.
with respect to the point on which the electrically resistive yarn is electrically connected to a
detection device).

[0020] According to an aspect of the present invention, the electrically resistive yarn has a
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capacitance value that changes in response to a touch event;, said change in value is a
function of the location on which the touching event occurred along the length of the electrically
resistive yarn with respect to the read-out point. In other words, when a touch event occurs on
a point of the electrically resistive yarn, the capacitance value of the electrically resistive yarn
evaluated at the read-out point (for example at an end of the electrically resistive yarn)
changes in function of the length of the electrically resistive yarn comprised between the read-
out point and the point on which the touch event occurred.

[0021] According to an aspect of the present invention, when an object touches the electrically
conductive yarn, the change in capacitance value depends substantially only from the
capacitive coupling between the electrically conductive yarn and the object touching it.

[0022] According to an aspect of the present invention, the electrically conductive yarn has a
capacitance value that changes in response to a touch event, said change in value is
substantially independent from the location on which the touching event occurred along its
length.

[0023] Thanks to this aspect, a single composite yarn may be used for detecting the location of
a touch event along its length by calculating the ratio between the capacitance values of the
electrically resistive yarn and of the electrically conductive yarn. In other words, the
capacitance value of the electrically resistive yarn evaluated with respect to the capacitance
value of the electrically conductive yarn provides a value indicative of the position of a touch
event along the length of the composite yarn independently from the capacitive coupling
between the composite yarn and the object touching it.

[0024] According to the present invention, the electrically conductive yarn and the electrically
resistive yarn are coupled along their length. In other words, the electrically conductive yarn
and the electrically resistive yarn are arranged adjacent, so that any cross-section of the
composite yarn comprises part of both the electrically conductive yarn and electrically resistive
yarn.

[0025] According to the present invention, the electrically conductive yarn and the electrically
resistive yarn are coupled by twisting.

[0026] Advantageously, the electrically conductive yarn and the electrically resistive yarn form
a sensing core of the composite yarn. Preferably, the composite yarn further comprises a
sheath made of an electrically non-conductive material covering said sensing core. For
example, the sheath may comprise an electrically non-conductive yarn having an electrical
resistance per unit of length greater than 100 MQ/m, more preferably greater than 1 GQ/m.

[0027] According to an aspect of the present invention, the electrical resistivity of the

electrically non-conductive material is greater than 103 Qm.

[0028] Preferably, the sheath comprises staple fibers made of the electrically non-conductive
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material, the sensing core being preferably core-spun with the staple fibers. More preferably
the staple fibers are natural fibers (e.g. cotton).

[0029] According to the present invention, the electrically resistive yarn is a plastic yarn filled
with electrically conductive elements.

[0030] Preferably the electrically conductive yarn is an insulated metal wire (e.g. a copper
magnet wire).

[0031] According to an aspect of the present invention, the electrical resistance per unit of
length of the electrically conductive yarn is at least two order of magnitude less than the
electrical resistance per unit of length of the electrically resistive yarn. Preferably, the ratio
between the values of electrical resistance per unit of length of the electrically resistive yarn
and the electrically conductive yarn is in range of 100 to 1000000, more preferably 1000 to
100000.

[0032] A further object of the present invention is a capacitive touch sensor comprising the
composite yarn according to the present invention. Some embodiments may provide that the
capacitive touch tensor comprises at least one composite elongated element comprising a
trace of electrically resistive material (as electrically resistive elongated element) and/or a trace
of electrically conductive material (as electrically conductive elongated element arranged along
a substantially linear path.

[0033] In other words, according to the present invention, the electrical resistance per unit of
length of the electrically conductive elongated element is less than 200 Q/m.

[0034] According to the present invention, the electrical resistance per unit of length of the
electrically resistive elongated element is comprised between 10 kQ/m and 10 MQ/m.

[0035] According to an aspect of the present invention, the electrical resistance per unit of
length of the electrically conductive elongated element is at least two order of magnitude less
than the electrical resistance per unit of length of the electrically resistive elongated element.
Preferably, the ratio between the values of electrical resistance per unit of length of the
electrically resistive elongated element and the electrically conductive elongated element is in
range of 100 to 1000000, more preferably 1000 to 100000.

[0036] The electrical resistance per unit of length of an elongated element, is measured by
following the standard AATCC Test Method 84-2005 or AATCC Test Method 84-2011.

[0037] The capacitive touch sensor has a detection device configured to evaluate the
capacitance values of the electrically resistive elongated element and of the electrically
conductive elongated element of the composite elongated element (i.e. by using the self-
capacitance sensing).
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[0038] According to an aspect of the present invention, the detection device is configured to
calculate the ratio between said capacitance values of the electrically resistive elongated
element and of the electrically conductive elongated element and to provide an output signal
indicative of the location of a touch event along the composite elongated element in function of
this ratio.

[0039] Thanks to this aspect, only one composite elongated element may be used for
detecting the location of a touch event along a determined direction (the direction along which
the composite elongated element is arranged). For example, a touch sensor comprising only
one composite yarn of the present invention may be used as a swipe sensor with only two
electrical contacts for connecting the electrically conductive and resistive elongated elements
to the detection device.

[0040] According to an aspect of the present invention, the touch sensor comprises a plurality
of composite elongated elements, wherein the detection device is configured to calculate the
ratio between the capacitance values of the electrically resistive elongated element and of the
electrically conductive elongated element for each composite elongated element and to
provide an output signal indicative of the location of a touch event along each composite yarn
of the plurality of composite elongated elements.

[0041] Preferably, the composite elongated elements are arranged substantially parallel to
each other.

[0042] Thanks to this aspect, the composite elongated elements of the touch sensor can be
electrically connected to the detection device along only a side of the touch sensor. In other
words, the touch sensor allows to detect the location of a touch event on a X-Y reference plane
by arranging a plurality of composite elongated elements parallel to each other along only one
of the directions X or Y.

[0043] According to an aspect of the present invention, the composite elongated element or
the plurality of composite elongated elements may be coupled to a support layer, preferably a
fabric. Thanks to this aspect, the touch sensor may be embedded easily on a fabric.

[0044] Preferably, some embodiments may provide that the touch sensor is embedded in a
woven fabric. More preferably, these embodiments provide that one or more composite yarns
may be at least part of the warp or of the weft of the woven fabric. Some embodiments of the
present invention may provide that the detection device is connected to a communication
module configured to transmit the output signal to an external device (e.g. a smartphone).

[0045] A further object of the present invention is a method for detecting the location of a touch
event on a support layer comprising the following steps:

1. (a) providing a support layer comprising at least one composite elongated element
comprising an electrically conductive elongated element and an electrically resistive
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elongated element, wherein the electrically conductive elongated element is coupled to
the electrically resistive elongated element, and wherein the electrically conductive
elongated element is electrically insulated from the electrically resistive elongated
element;

2. (b) evaluating the capacitance values of the electrically resistive elongated element and
of the electrically conductive elongated element of the at least one composite elongated
element;

3. (¢) calculating the ratio between the capacitance value of the electrically resistive
elongated element and the capacitance value of the electrically conductive elongated
element evaluated in the step (b);

4. (d) providing an output signal indicative of the location of said detected touch event in
function of the ratio calculated in the step (c).

[0046] According to the present invention, the support layer is a fabric, wherein the composite
elongated element is the composite yarn according to the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0047] 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 1A schematically shows a perspective view of a composite yarn according to an
embodiment of the present invention;

e Figure 1B is an expanded view showing a portion of the composite yarn shown in Figure
1;

« Figure 2A schematically shows a perspective view of a composite yarn according to a
further embodiment of the present invention;

« Figure 2B is a cross section along the cutting plane A-A of the composite yarn shown in
Figure 2A,

» Figure 3 schematically shows a perspective view of a touch sensor according to an
embodiment of the present invention;

e Figures 4 and 5 show two graphs in the time domain of the capacitance values of a
composite yarn according to a particular embodiment of the present invention during two
different types of touch events;

» Figure 6 schematically shows a perspective view of a touch sensor according to an
embodiment of the present invention.
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DETAILED DESCRIPTION

[0048] Figure 1A and 1B show an exemplary embodiment of a composite yarn 1 according to
the present invention. The composite yarn 1 comprises an electrically conductive yarn 2 and
an electrically resistive yarn 3 (that are visible more clearly in the enlarged view shown in figure
1B).

[0049] The electrically conductive yarn 2 and the electrically resistive yarn 3 are coupled
together, by twisting.

[0050] The electrically conductive yarn 2 is electrically insulated from the electrically resistive
yarn 3, for example by an electrically insulating coating 2a provided on the surface of the
electrically conductive yarn 2.

[0051] The electrically conductive yarn 2 is preferably an insulated metal wire, for example a
magnet wire. 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.

[0052] The electrically conductive yarn 2 has an electrical resistance per unit of length Rc less
than 200 Q/m, preferably less than 50 Q/m, for example about 10 /m. In other words, the
cross section and the electrical resistivity of the electrically conductive yarn 2 are chosen to
obtain a meter of electrically conductive yarn 2 having an electrical resistance less than 200 Q,
more preferably less than 50 Q, for example about 10 Q.

[0053] For example, the electrically conductive yarn 2 may be made of a material having

electrical resistivity less than 10® Om, more preferably less than 10”7 Qm (e.g. silver, copper,
gold, aluminum, platinum, iron may be suitable materials for the electrically conductive yarn 2).

[0054] The electrically resistive yarn 3 has an electrical resistance per unit of length Rr
comprised between 10 k/m and 10 MQ/m, preferably comprised between 50 kQ/m and 500
kQ/m, for example about 200 k/m. In other words, the cross section and the electrical
resistivity of the electrically resistive yarn 3 are chosen to obtain a meter of electrically resistive
yarn 3 having an electrical resistance comprised between 10 kQ and 10 MQ, more preferably
comprised between 50 kQ and 500 kQ, for example about 200 kQ.

[0055] For example, the electrically resistive yarn 3 has electrical resistivity comprised between

10"® Om and 103 Qm, more preferably between 104 Qm and 10-1 Om.

[0056] The electrically resistive yarn 3 is a plastic yarn (e.g. nylon) filled with electrically
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conductive elements (e.g. electrically conductive carbon). More preferably, the electrically
resistive yarn 3 may be a 80-denier nylon 6,6 having electrically conductive carbon suffused
into its surface.

[0057] For example, a suitable electrically resistive yarn 3 may be the electrically resistive yarn

available with the commercial name RESISTAT® F901, MERGE RO080 that is a 80-denier nylon
6,6 monofilament which has electrically conductive carbon suffused into the surface. This
particular resistive yarn has a round cross section with a coating thickness of about 1 ym, and
a linear mass density of about 84 denier. The electrical resistance of this resistive yarn is about

0.8 10° Q per centimeter (i.e. about 80 kQ/m).

[0058] According to an aspect of the present invention, the electrical resistance per unit of
length of the electrically conductive yarn 2 is at least two order of magnitude less than the
electrical resistance per unit of length of the electrically resistive yarn 3.

[0059] Preferably, the ratio Rr/Rc between the values of electrical resistance per unit of length
of the electrically resistive yarn 3 and the electrically conductive yarn 2 is in range of 100 to
1000000, more preferably 1000 to 100000.

[0060] With respect to figures 2A and 2B, some embodiments of the present invention may
provide that the composite yarn 1 comprises a sheath 1b made of an electrically non-
conductive material. In these embodiments, the electrically conductive yarn 2 and the
electrically resistive yarn 3 form a sensing core 1a covered by the sheath 1b.

[0061] The sheath 1b may be formed for example by an electrically non-conductive yarn
having an electrical resistance per unit of length Rn greater than 100 M(Q/m, more preferably
greater than 1 GQ/m.

[0062] According to an aspect of the present invention, the sheath 1b of the composite yarn 1
comprises staple fibers 4 made of an electrically non-conductive material, preferably having

electrical resistivity greater than 103 Qm, more preferably greater than 10° Qm.

[0063] The sensing core 1a is preferably core-spun with the staple fibers 4 of the sheath 1b.
Some embodiments may provide that the sensing core 1a is embroidered around with the
staple fibers 4 of the sheath 1b, or covered by other sheathing processes known in the art.

[0064] The staple fibers 4 are preferably natural fibers such as cotton, wool, silk and the like.
Some embodiments may provide that the sheath 1b of the composite yarn 1 is provided with a
dyeing 1c¢, for example an indigo dye.

[0065] The composite yarn 1 can be used for producing a capacitive touch sensor 10 able to
be embedded in a fabric.
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[0066] The electrically conductive elongated element 2 and the electrically resistive elongated
element 3 are configured to be electrically connected to a detection device 5.

[0067] The detection device 5 is configured to evaluate the capacitance values CR, CC of the
electrically resistive elongated element 3 and of the electrically conductive elongated element
2. The detection device is configured to calculate the ratio CR/CC between the capacitance
values CR, CC of the electrically resistive elongated element 3 and of the electrically
conductive elongated element 2, and to provide an output signal SOUT indicative of the
location of a touch event along the composite elongated element 1 in function of the ratio
CR/CC.

[0068] For the sake of simplicity, the following description of a touch sensor according to the
invention refers to yarns and composite yarns as above disclosed, however the teaching of the
description can be applied to a touch sensor having generic elongated elements in the place of
yarns.

[0069] In particular, with respect to figure 3, the touch sensor 10 comprises at least one
composite yarn 1, and a detection device 5 configured to evaluate the capacitance value CR of
the electrically resistive yarn 3 and the capacitance value CC of the electrically conductive yarn
2.

[0070] The capacitance values CR and CC of the electrically conductive and resistive yarns 2,
3 may be evaluated for example by measuring the charging time, or the oscillation frequency
of an oscillator, or by other measuring technics known in the art.

[0071] Some embodiments may provide that the detection device 5 comprises a front-end
circuit 6 to which the electrically conductive and resistive yarns 2, 3 are connected. For
example, the front-end circuit 6 may comprise at least one oscillator (e.g. a Colpitts oscillator).
The electrically conductive and resistive yarns 2, 3 are connected selectively to the oscillator
that has (in absence of a touch event) a predetermined oscillation frequency.

[0072] A change of the capacitance values CR and CC of the electrically conductive and
resistive yarns 2, 3 is detected as a change of the oscillation frequency of the oscillator. In
other words, by evaluating the oscillation frequency of the oscillator, the capacitance values CR
and CC of the electrically conductive and resistive yarns 2, 3 can be calculated.

[0073] Preferably, the detection device 5 comprises a microcontroller 7 connected to the front-
end circuit 6, and configured to calculate the capacitance values CR and CC of the electrically
conductive and resistive yarns 2, 3 on the basis of the oscillation frequency of the oscillator.

[0074] For example, the front-end circuit 6 comprises a sending terminal connected to a
microcontroller 7 that sends a reference signal (e.g. a Boolean signal) to the sending terminal
of the front-end circuit 6.
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[0075] The front-end circuit 6 comprises a returning terminal that replicates the reference
signal with a delay which is a function of the charging time of the electrically conductive and
resistive yarns 2, 3. The capacitance values CR and CC of the electrically conductive and
resistive yarns 2, 3 can be calculated on the basis of the delay evaluated.

[0076] The composite yarn 1 is electrically connected at a read-out point, preferably at one of
its ends, to the detection device 5. In particular, one end of the electrically resistive yarn 3 is
electrically connected to the detection device 5. Analogously, the respective end of the
electrically conductive yarn 2 is electrically connected to the detection device 5.

[0077] As shown in figures 4 and 5, the capacitance value CC of the electrically conductive
yarn 2 changes in response to touch events, irrespective of the position on which the touch
events occurred along the composite yarn 1 with respect to the read-out point. In other words,
the capacitance value CC indicates if a touch event occurs and how much is strong the
capacitive coupling between the electrically conductive yarn 2 and an object (e.g. a finger of a
user) touching the composite yarn 1.

[0078] The capacitance value CR of the electrically resistive yarn 3 changes in response to
touch events and in function of the position on which the touch events occurred along the
composite yarn 1 with respect to the read-out point. In other words, if an object (e.g. a finger of
a user) touches the composite yarn 1 in different positions along its length, the capacitance
value CR changes in function of the position on which the touch events occurred along the
composite yarn 1.

[0079] Basically, the electrically resistive yarn 3 can be represented with a lumped model of a
capacitor in series with a resistor having a resistance value depending on the position of the
touch event (i.e. the position on which the parasitic capacitance of the object is applied to the
electrically resistive yarn 3). In the case of the electrically conductive yarn 2, the value of the
electrical resistivity is so small that the dependency of the capacitive value CC from the position
on which the touch event occurred is negligible.

[0080] In particular, figure 4 shows a graph in the time domain of the capacitance values CR
and CC of a composite yarn 1 according to a particular embodiment of the present invention in
response to a sequence of touch events performed by the finger of a user at a plurality of
positions along the length of the composite yarn 1.

[0081] Figure 5 shows the same graph of figure 4, when the finger of the user continuously
swipes along the length of the composite yarn 1. A touch event far from the detection device 5
will be detected with a low capacitance value CR. When the touch event is performed near the
detection device 5 (i.e. near to the read-out point), a high capacitance value CR will be
detected.

[0082] The graphs shown in figures 4 and 5 was obtained by touching a 10 cm composite yarn
1 comprising an insulating copper wire 2 (magnet wire) having a cross section with diameter of
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about 35 ym twisted with an electrically resistive yarn 3 available with the commercial name

RESISTAT® F901, MERGE R080 to form a sensing core 1a core-spun with a sheath 1b of
cotton fibers.

[0083] However, the capacitance value CR of the electrically resistive yarn 3 changes also in
function of the capacitive coupling between the electrically resistive yarn 3 and the object
touching the composite yarn 1. Thus, from the capacitance value CR cannot be evaluated the
position of the touch event without taking into account the capacitive coupling between the
object and the electrically resistive yarn 3.

[0084] In other words, if the capacitive coupling between the electrically resistive yarn 3 and
the object touching the composite yarn 1 changes (for example in the case of different users
that have different parasitic capacitance values), the capacitance values CR of the electrically
resistive yarn 3 evaluated in response to touch events on the same position along the
composite yarn will be different.

[0085] The detection device 5 is advantageously configured to calculate the ratio CR/CC
between the capacitance values CR and CC of the electrically resistive yarn 3 and of the
electrically conductive yarn 2.

[0086] According to an aspect of the present invention the ratio CR/CC is indicative of the
location of a touch event along the composite yarn 1 with a negligible dependency of the
capacitive coupling between the object touching the composite yarn 1 and the electrically
resistive and conductive yarns 2, 3. In other words, the value of the ratio CR/CC is indicative of
the location of a touch event along the composite yarn 1 irrespectively of how strong is the
capacitive coupling between the object touching the composite yarn 1 and the electrically
resistive and conductive yarns 2, 3.

[0087] Preferably, the detection device 5 comprises a microcontroller 7 configured to calculate
the ratio CR/CC of the evaluated capacitance values CR, CC. The detection device 5 is
configured to provide an output signal SOUT in function of the ratio CR/CC that is indicative of
the location of a touch event along the composite yarn 1. Preferably, the output signal SOUT
may return the value of the ratio CR/CC eventually multiplied by a coefficient k chosen for
example in function of the length of the composite yarn 1. The output signal SOUT is
preferably updated with a predetermined cadency having a refresh period (e.g. some
milliseconds) during which the capacitance values CR and CC are reevaluated for updating the
ratio CR/CC.

[0088] For example, the touch sensor 10 shown in figure 3 may be used for detecting not only
the direction of a swipe, but also on which region of the composite yarn 1 a swipe occurred.
Touch events may be detected with precision and reliability along a sensing region of a fabric
on which the composite yarn 1 is coupled. In other words, with a single composite yarn 1, the
touch sensor 10 of the present invention may distinguish different swipes in different regions of
a fabric.
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[0089] The composite yarn 1 (or in general the composite elongated element 1) may be
coupled to a fabric (or to a generic support layer) by sewing, by knitting, by weaving, or by any
other coupling technique known in the art.

[0090] For example, some embodiments may provide that the composite elongated element 1
comprises a trace of electrically resistive material (as electrically resistive elongated element 3)
and/or a trace of electrically conductive material (as electrically conductive elongated element
2) arranged along a substantially linear path.

[0091] Such traces may be produced for example including a biopolymer (such as microbial
cellulose, microbial collagen, cellulose/chitin copolymer, microbial silk, or a mixture thereof)
with electrically conductive material (such as carbonaceous material, preferably selected from
the group consisting of activated carbon, high surface area carbon, graphene, graphite,
activated charcoal, carbon nanotubes, carbon nanofibers, activated carbon fibers, graphite
fibers, graphite nanofibers, carbon black and mixtures thereof). A preferred embodiment
provides that the biopolymer is microbial cellulose.

[0092] For example, electrically conductive material may be provided to the biopolymer (e.g.,
to a biopolymer layer or trace) by printing (e.g., screen printing and/or digital printing), or by
localized impregnation.

[0093] According to an embodiment, a culture containing biopolymer-producing
microorganisms comprises electrically conductive material. For example, a support layer may
be contacted with a culture including biopolymer-producing microorganisms and an electrically
conductive material. The microorganisms may be cultured to produce a biopolymer including
electrically conductive material, so that the support layer is provided with a trace of electrically
resistive material made of biopolymer comprising electrically conductive material.

[0094] Some embodiments may provide that the touch sensor 10 comprises a plurality of
composite yarns 1, for example coupled to a fabric to provide a plurality of sensing regions.
These embodiments provide that the detection device 5 is configured to calculate the ratio
CR/CC between the capacitance values of the electrically resistive yarn 2 and of the electrically
conductive yarn 3 for each composite yarn 1. The output signal provided by the detection
device is indicative of the location of a touch event along each composite yarn 1 of the plurality
of composite yarns.

[0095] Preferably, the composite yarns 1 are arranged substantially parallel to each other. This
arrangement allows to provide a touch pad able to detect a touch event and the location of the
touch event on the sensing region on which the composite yarns 1 are arranged, and wherein
the composite yarns 1 may be arranged only in one direction (vertical or horizontal) and can be
connected to the detection device 5 only on one side of the touch pad.

[0096] In particular, figure 6 shows an embodiment of the touch sensor 10 according to the
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present invention wherein a plurality of composite yarns 1 are woven on a fabric 9. The fabric 9
is preferably a denim fabric or in general a woven fabric. The embodiment of figure 6 provides
for example that the weft of the fabric 9 comprises a plurality of composite yarns 1 arranged
between other weft yarns 9a made of textile material. However, other embodiments may
provide that the warp of the fabric 9 comprises a plurality of composite yarns 1 arranged
between other warp yarns 9b made of textile material. Some embodiments may provide that all
the yarns of the warp or of weft are composite yarns 1 while remaining in the scope of
protection of the present invention. In general, the touch sensor 10 may comprise a plurality of
composite yarns 1 that are at least part of the warp or of the weft of a woven fabric 9. The
electrically resistive yarns 2 and of the electrically conductive yarns 3 of the composite yarns 1
are connected to the front-end circuit 6 of the detection device 5, so that the microcontroller 7
of the detection device 5 can calculate the ratio CR/CC between the capacitance values CR
and CC of the electrically resistive yarn 2 and of the electrically conductive yarn 3 for each
composite yarn 1. The output signal SOUT provided by the detection device 5 is indicative of
the location of a touch event along each composite yarn 1 of the plurality of composite yarns 1.

[0097] For example, the output signal SOUT may return a set of values of a scanning
sequence, wherein each value of the scanning sequence is the ratio CR/CC (eventually
multiplied by a coefficient k chosen for example in function of the length of the composite yarn
1) of each composite yarn 1. The values of the ratio CR/CC of each scanning sequence are
provided with a predetermined order (for example from the upper to the lower or vice versa).
The output signal SOUT is preferably updated with a predetermined cadency having a refresh
period during which the capacitance values CR and CC of each composite yarn 1 are
reevaluated for updating the sequence of the values of the ratio CR/CC.

[0098] The touch sensor 10 of the present invention may be used for controlling or sending a
control command to an external device 20. Some embodiments may provide that the detection
device 5 is connected to a communication module 8 configured to transmit the output signal
SOUT to an external device 20. Preferably, the communication module 8 is a wireless
communication module (e.g. Bluetooth module, WiFi module, Infrared module, and the like).

[0099] For example, the composite yarn(s) 1 of the touch sensor 10 may be coupled to a
fabric 9 for producing a garment (preferably a jacket or a pair of pants) having a sensing
region that allows the wearer to control an external device 20 (e.g. a smartphone, a music
player or the like) in a simple and reliable way.

[0100] For example, the touch sensor 10 may be coupled to a fabric 9 for lining a seating
furniture (preferably a sofa or an armchair) on a sensing region (e.g. on the arms of the
seating furniture) for allowing the sitting user to control an external device 20 (e.g. a smart TV,
a stereo or the like) easily.

[0101] Summarizing, a method for detecting the location of a touch event on a fabric
comprises the following steps:
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1. (a) providing a fabric 9 comprising one or more composite yarns 1 according to the
present invention;

2. (b) evaluating the capacitance values CR and CC of the electrically resistive yarn 3 and
of the electrically conductive yarn 2 of each composite yarn 1;

3. (¢) calculating the ratio CR/CC between the capacitance value CR of the electrically
resistive yarn 3 and the capacitance value CC of the electrically conductive yarn 2
evaluated in the step (b);

4. (d) providing an output signal SOUT in function of the ratio CR/CC calculated in the step
(c) that is indicative of the location of a touch event.

[0102] Preferably, the method comprises a step of detecting a touch event, preferably in
function of the capacitance value CC of the electrically conductive yarn 2 evaluated in the step
(b). The touch event may be detected for example by comparing the capacitance value CC
evaluated in the step (b) with a threshold value. In this embodiment, the steps (c) and (d) are
carried out when a touch event is detected (in absence of a detected touch event the output
signal SOUT is kept to a predetermined value indicative of absence of touch event).
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KOMPOSITGARN TIL POSITIONSFOLSOM KAPACITIV BERORINGSREGISTRERING
PATENTKRAV

1. Kompositgarn (1), der omfatter et elektrisk ledende garn (2) og et elektrisk resistivt garn (3), hvor
det elektrisk ledende garn (2) er snoet til det elektrisk resistive garn (3), og hvor det elektrisk ledende garn
(2) er elektrisk isoleret fra det elektrisk resistive garn (3), kendetegnet ved, at den elektriske resistans pr.
langdeenhed for det elektrisk ledende garn (2) er mindre end 200 Q/m, den clektriske resistans pr.
lengdeenhed for det elektrisk resistive garn (3) er i omradet mellem 10 kQ/m og 10 MQ/m, som malt ved at
folge standard-A ATCC-testfremgangsmaden 84-2005 eller -AATCC-testfremgangsmaden 84-2011, og hvor
det elektrisk resistive garn (3) er et plastgarn fyldt med elektrisk ledende elementer.

2. Kompositgarn (1) ifelge krav 1, hvor kompositgarnet (1) yderligere omfatter en kappe (1b)
fremstillet af et elektrisk ikke-ledende materiale.

3. Kompositgarn (1) ifelge krav 2, hvor kappen (1b) af det elektrisk ikke-ledende materiale omfatter
stapelfibre (4).

4 Kompositgarn (1) ifelge krav 3, hvor stabelfibrene (4) er naturlige fibre.

5. Kompositgarn (1) ifelge et hvilket som helst foregiaende krav, hvor det elektrisk ledende garn (2) er

en isoleret metaltrad.

6. Kompositgarn (1) ifelge et hvilket som helst foregaende krav, hvor den elektriske resistans pr.
lengdeenhed Re for det elektrisk ledende garn (2) er mindst to sterrelsesordner mindre end den elektriske
resistans pr. lengdeenhed Rr for det elektrisk resistive garn (3), fortrinsvis er Rr/Rc i omradet fra 100 til
1.000.000.

7. Kapacitiv bereringssensor (10), der omfatter mindst ét kompositgam (1) ifelge krav 1-6, hvor det
elektrisk ledende garn (2) og det elektrisk resistive garn (3) er konfigureret til at blive elektrisk forbundet med
en detekteringsindretning (5), der er konfigureret til at evaluere kapacitansvardierne (CR, CC) for det
elektrisk resistive garn (3) og for det elektrisk ledende garn (2) i kompositgarnet (1), hvor kapacitansverdien
(CR) for det eclektrisk resistive garn (3) @ndrer sig som funktion af den position, pa hvilken
bergringsbegivenhederne optreeder langs kompositgamet (1), og evaluering af kapacitansverdien (CC) for
det elektrisk ledende garn (2), og hvor kapacitansvardien (CC) for det elektrisk ledende garn (2) @ndrer sig
som reaktion pa beroringsbegivenheder, nathengigt af den position, pa hvilken bereringsbegivenhederne
optreeder langs kompositgarnet, hvor detekteringsindretningen (5) er konfigureret til at beregne forholdet
(CR/CC) mellem kapacitansvardierne (CR, CC) for det elektrisk resistive garn (3) og for det elektrisk ledende
garn (2) og at tilvejebringe et udgangssignal (SOUT), som indikerer lokaliteten af en bereringsbegivenhed
langs kompositgarnet (1) som funktion af forholdet (CR/CC).

8. Kapacitiv bereringssensor (10) ifelge krav 7, der omfatter en flerhed af kompositgarner (1), hvor
detekteringsindretningen (5) er konfigureret til at beregne forholdet (CR/CC) mellem kapacitansvardierne
(CR, CCO) for det elektrisk resistive garn (3) og for det elektrisk ledende garn (2) for hvert kompositgarn (1)
af flerheden af kompositgarner (1) og at tilvejebringe et udgangssignal (SOUT), som indikerer lokaliteten af
en beroringsbegivenhed langs hvert kompositgarn (1) af flerheden af kompositgarner (1).
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9. Kapacitiv bergringssensor (10) ifelge krav 8, hvor kompositgarnerne (1) i det vasentlige er anbragt
parallelt med hinanden.
10. Kapacitiv bereringssensor (10) ifelge et hvilket som helst foregaende krav 7-9, hvor det ene eller
flere kompositgarner (1) er forbundet med et stof (9).
11. Kapacitiv bereringssensor (10) ifelge krav 10, hvor stoffet er et vavet stof (9), og hvor det ene eller
flere kompositgarner (1) er mindst en del af kaden eller af skuddet af det vavede stof (9).
12. Kapacitiv bereringssensor (10) ifelge et hvilket som helst af de foregaende krav 7-11, hvor
detekteringsindretningen (5) er forbundet med et kommunikationsmodul (8), der er konfigureret til at overfore
udgangssignalet (SOUT) til en ekstern indretning (20).
13. Fremgangsmade til detektering af en bereringsbegivenhed og lokaliteten af bereringsbegivenheden
pa et stof, hvor fremgangsmaden omfatter folgende trin:

(a) tilvejebringelse af et stof, der omfatter mindst ét kompositgarn (1) ifelge krav 1-6,

®) evaluering af kapacitansvardierne (CR) for det elektrisk resistive garn (3), hvor
kapacitansveardien (CR) for det elektrisk resistive garn (3) andrer sig som funktion af den position, pa hvilken
bergringsbegivenhederne optreeder langs kompositgamet (1), og evaluering af kapacitansverdien (CC) for
det elektrisk ledende garn (2), hvor kapacitansveardien (CC) for det elektrisk ledende gam (2) @ndrer sig som
reaktion pa bereringsbegivenheder, uafha@ngigt af den position, pa hvilken bereringsbegivenhederne optraeder
langs kompositgarnet (1);

© beregning af forholdet (CR/CC) mellem kapacitansvardien (CR) for det elektrisk resistive
garn (3) og kapacitansvardien (CC) for det elektrisk ledende gar (2), der blev evalueret i trinnet (b);

(d) tilvejebringelse af et udgangssignal (SOUT), som indikerer lokaliteten af den detekterede
beraringsbegivenhed som funktion af det forhold (CR/CC), der blev beregnet i trinnet ().
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