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Fabric for acquiring physiological signals

This application claims the benefit of priority of European Patent Application
EP11162135 filed on April 12, 2011and U.S. Provisional Patent Application
Ser. No 61/474484 filed on April 12, 2011, which are incorporated herein by
reference.

FIELD OF THE INVENTION

The present invention relates to a fabric which comprises at least an elastic
and electrically conductive area integrated into the fabric, a process to obtain
the fabric, as well as to the use of a silicone rubber, loaded with an
electrically conductive material, for the preparation of the fabric of the
invention. It also relates to a device comprising the fabric, as well as a
garment comprising the device.

BACKGROUND ART

It is known in the state of the art, fabrics which comprises electrodes and
tracks enable the realization of wearable garments, capable of recording
physiological signals and to be used during everyday activities. The
electrodes are placed in contact with the skin of the human body and the
electrical physiological signals which result are examined. Electrocardiograms
(ECG) or electromyograms (EMG) are examples of physiological signals to be
monitored through the garment.

Nevertheless, stability, noise and sensibility of the signals can be affected by
different reasons; motion and long term acquisition of the signal are two of the
most significant.

The electrode and track to be integrated in a garment must be a system
minimal invasive, flexible, conformable to the human body including in
movement and resistant to repeated washing.

To reduce the noise the traditional electrodes use adhesive to attach the
electrode to the skin. The scope for electrodes integrated in fabrics is to
eliminate the adhesive using the fabric’s pressure to the body. In order to



WO 2012/140079 PCT/EP2012/056573

10

15

20

25

30

35

make pressure, the fabrics are flexible and elastic being able to adapt to
every different type of body. If the wiring system is not elastic every
movement made by the body will be translated into the electrode moving it
from its place, the elastic circuit works as a spring between the electrode and
connector. That is the reason why the need to find and elastic and no
directional wiring system integrated in fabrics.

The document Anjum Saleem et al., “Fabrication of extrinsically conductive
silicone rubbers with high elasticity and analysis of their mechanical and
electrical characteristics”, Polymers 2010, vol. 2 (3), pp. 200-210, describes
the need and efforts to find a silicone rubber reinforced with conductive filler
that allows this functionality, and the document presents the difficulties to
achieve it. Mix silicon rubber with conductive filler until the percolation
threshold it doesn’t seam enough to obtain conductivity, only the carbon
fibers are able to achieve a semi conductive value. The issue with carbon
fibers is that they reduce the silicon mechanical properties, so they are not
suitable for high elastic products.

The use of silicon conductive rubber on fabrics is described in different
patents but as the publications explain the use of room cure temperature
conductive silicone rubber to print directly into fabrics is still not solve.

The current state of the art in fabric for acquiring physiological signals
presents different drawbacks for example, the patent publication US7779656,
which applicant is SmartLife Technology Limited, describes knitting
techniques, particularly techniques applied to garment in which the yarns
have conductive characteristics. Such garments are useful for monitoring
physiological signals of the wearer. The electrodes are attached to or
incorporated in the garment, the track are conductive yarns connected to a
terminal connector located elsewhere on the garment. The tracks have two
directions possible to be integrated in the fabric so the track has serious
limitations to connect the electrode and the terminal connector when the
electrodes are located in different places. This situation is represented in the
FIG. 1A of the present document.

The patent publication US7783334, which applicant is Electronics and
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Telecommunications Research Institute, describes a garment for measuring
physiological signals comprising an electrode which is made of an electro
conductive fabric and detects a physiological signal; a track through which
the detected physiological signal is transmitted, a physiological signal
measuring unit which is connected to the transmission line, receives the
physiological signal, and measures information regarding body conditions
related to the physiological signal, and a pocket where the physiological
signal measuring unit in inserted. The tracks, made of an electro conductive
thread, are not integrated in the garment, they are fixed to the garment by a
tuck. This option has some limitations, the no integration of the track in the
fabric means that the garment is not comfortable on the other hand the
elasticity of the tracks are low because they are made of metal threads.

The patent application US2010198038 describes a electrode sheet which
includes: a material with a flattened surface; a wiring layer provided on the
flattened surface of the material and formed of a conductive ink containing
carbon nanotubes; and an electrode connected to the wiring layer. The
conductive ink is not elastic. The composition of the conductive inks is
completely different of the composition of a silicone rubber. It is necessary
applied the inks in a flattened area. When the area is a textil it is necessary to
apply a first layer because the weave of the textil present orificies The biggest
issue with conductive inks is the mechanical properties, since the fabric must
support water, abbrasion, strech, impacts, etc. The current conductive inks
don't fit this requirements. The description of the material is not just important
for the conductive properties but for the mechanical properties.

Thus, from what is known in the art, it is derived that the development of a
fabric which comprises an elastic electrically conductive area integrated into
the fabric, that may be a track is still of great interest.

SUMMARY OF THE INVENTION

In the acquisition of some physiological signals, as the ECG, is important to
obtain a multiple signals in order to give an accurate diagnostic. The quantity of
electrodes in a fabric for acquiring ECG signals is limited to the possibility to
connect the electrode to the device that collecting the signals via the tracks. A
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track made in a flexible, elastic and conductive material is a goal to connect as
many electrodes as been necessary.

The location and quantity of electrodes may modify the garment performance due
to track limitations, in order to don’t decrease the fabric performance the track
must be integrated into the fabric.

In the acquisition of some physiological signals, as the ECG, is important to
guaranty the electrode adherence to the body, being integrated in a fabric the
electrode doesn’t contain any adhesive to attach to the skin. For that purpose
reduce the movement of the electrode in activity is extremely necessary to
compete to the signal obtain by traditional electrodes.

In a first aspect of the present invention, it is provided a fabric with at least an
elastic and electrically conductive area integrated into the fabric which comprises
a layer of silicone rubber loaded with an electrically conductive material, being
the thickness of the elastic and electrically conductive area comprised of from
120 to 800 um thick. The elastic and electrically conductive area is a track which
can be connected to an electrode for acquiring physiological signals, e.g. ECG
signals. The electrically conductive area may have any shape and any direction.
This opens the possibility to place as many electrodes as been necessary into
the fabric, and then connect all the electrodes via the electrically conductive
areas to an electrical connector. Each electrically conductive area works like an
independently track.

Therefore, according to the present invention, the terms “elastic and electrically
conductive area” and “elastic and electrically conductive track” are each
interchangeable.

The fabric with an electrically conductive area that comprises a silicone rubber
loaded with an electrically conductive material improves the flexibility, the
elasticity and the conductivity of the track. The flexibility and the elasticity of the
silicone rubber loaded with an electrically conductive material allow that
conductivity is not interrupted with the movement of the fabric. Furthermore the
silicone doesn'’t lose its properties with the washing.
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Nothing in the art suggests that a fabric comprising an elastic and electrically
conductive area integrated into the fabric could confer excellent flexibility and
elasticity properties and an excellent integration fabric-electrically conductive
area.

The amount of conductive material is not important once you reach the
percolation threshold, this value depends on the conductive filler and the silicone.
An objective of the present invention is to be able to achieve and preserve low
resistive values in an elastic fabric with silicone conductive rubber being able to
apply the conductive silicone in any shape and direction.

Therefore, an aspect of the present invention relates to a fabric which
comprises at least one electrically conductive area integrated into the fabric,
wherein the electrically conductive area comprises a first layer of silicone
rubber loaded with an amount comprised of from 5% w/w to 40% w/w of an
electrically conductive material.

Prefereably at least one conductive area means one to twenty electrically
conductive areas. More preferably one to ten electrically conductive areas.
More preferably one, two, three, four, five, six, seven, eight, nine electrically
conductive areas.

The silicone rubber loaded with an electrically conductive material of the
present invention, is a room temperature curing silicone.

A room temperature curing silicone is a silicone that vulcanizes or cures at
room temperature by a chemical reaction.

The conductive property of the silicone rubber depends on how close the
conductive material are, e.g. carbon fibers (CF), carbon black (CP), nickel
coated graphite (NG), copper fibers (Cu). As the publication of Anjum Saleem
et al. above mentioned describes, it is important to reach at least the quantity
of conductive material, e.g. CF, to meet the percolation threshold. As this
point depends on the number and distance between the carbon fibers (CF) its
obvious that when we stretch the material will go underneath the percolation
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has to go beyond the percolation threshold and get as closer as it can to the
saturation point, but as we get closer to the saturation point the silicone will
lose mechanical properties. As the publication presents the right mix is not
enough to obtain low resistive values.

The process for the preparation of the elastic and electrically conductive area
integrated into the fabric comprises a step of applying pressure when
applying the silicone rubber directly to the fabric, in order to eliminate any air
bubble that will break the conductivity. For this purpose the application
system is a screen-printing process using low speed and high pressure. The
pressure to be applied is comprised of from 0.2 to 0.8 Kg/m?, preferably
comprised of from 0.3 to 0.5 Kg/m?, being particularly preferred a pressure of
0.45 Kg/m®.

The low speed will allow the high-viscosity silicone rubber to fall into the
fabric at the same point the high pressure goes. An important aspect is the
thickness of the coating, thicker is the conductive silicone coating better are
the mechanical properties so better are the conductive properties when we
stretch the material. According to an embodiment of the present invention, the
elastic and electrically conductive track is at least 120 um thick, preferably at
least 200 um thick. In accordance with a particular embodiment of the present
invention, the thickness of the track is comprised of from 120-800 um thick,
preferably comprised of from 120-500 um thick, more preferably comprised of
from 250-500 um thick, being particularly preferred comprised of from 300-
400 um thick.

The process for the preparation of the invention comprises a step of cure the
silicone rubber at room temperature. In the present invention the silicone
rubber is cured into de fabric. When it is required to decrease the time of
cured, a step of pre-cured comprised of from 80°C to 200°C is included.
Preferably, the pre-cured step is carried out at a temperature comprised of
from 90°C to 165°C.
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Therefore, another aspect of the invention relates to a process for the
preparation of the fabric of the invention, which comprises the steps of:

a) liquid-printing a first layer of silicone rubber loaded with an
amount comprised of from 5% w/w to 40% w/w of a electrically
conductive material into the fabric;

b) pre-curing the first layer for up one minute at a temperature
comprised of from 80°C to 200°C;

c) curing the first layer at room temperature.

Another aspect of the invention relates to the use of a silicone rubber loaded
with an amount comprised of from 5% w/w to 40% w/w of an electrically
conductive material for the preparation of the fabric of the invention.

The fabric of the invention comprising the elastic and conductive area may be
integrated in a device for receiving and collecting and/or storing and/or
processing, and/or transmitting data from said fabric.

Therefore, in another aspect of the invention is provided a device comprising:
a) the fabric of the invention,
b) an electronic instrument for receiving and collecting and/or
storing and/or processing, and/or transmitting data from said
fabric.

With the fabric of the invention is possible to tailor a garment.

Therefore, another aspect of the invention relates to a garment comprising
the device of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A illustrates an elevation view of a garment according to the state of the
art.

FIG. 1B illustrates an elevation view of the garment of the invention.
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FIG. 2 shows and ECG strip where the electrically conductive area was
stretched by about 25% of their original length. Left part of the strip (left of the
line), the electrically conductive areas aren'’t stretched, and the right part of
the strip (right of the line) the electrically conductive areas are 25% stretched.

FIG. 3 shows and ECG strip where the electrically conductive area was
stretched by about 25% of their original length. Left part of the strip (left of the
line), the electrically conductive areas aren’t stretched, and the right part of
the strip (right of the line) the electrically conductive areas are 25% stretched.

FIG. 4 shows and ECG strip where the electrically conductive area was
stretched by about 50% of their original length. Left part of the strip (left of the
line), the electrically conductive areas aren’t stretched, and the right part of
the strip (right of the line) the electrically conductive areas are 50% stretched.
FIG. 5 shows and ECG strip where the electrically conductive area was
stretched by about 50% of their original length. Left part of the strip (left of the
line), the tracks aren’t stretched, and the right part of the strip (right of the
line) the electrically conductive areas are 50% stretched.

DETAILED DESCRIPTION OF THE INVENTION

As mentioned above, a first aspect of the invention relates to a fabric which
comprises at least an electrically conductive area 1 integrated into the fabric,
wherein the electrically conductive area 1 comprises a layer of silicone rubber
loaded with an amount comprised of from 5% w/w to 40% w/w of an
electrically conductive material. The fabric is able to strech between 1% and
200%.

The skilled person in the art knows several fabrics adequate for the invention,
preferably elastic fabric, for example polyester, nylon. Non limiting example of
elastic fabric is a fabric which comprises a percentage of elastane, from 3%
wiw to 20% wiw.

When the flexible, elastic and electrically conductive area 1 is elongate, the fabric
support extends substantially the full length of that layer. The flexibility and the
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elasticity of the silicone enables the electrically conductive area 1 to be held in
very good conformity and the conductivity is not interrupted.

As mentioned above the electrically conductive area 1 integrated into the
fabric may works as a track. Thus, in a particular embodiment of the present
invention, the fabric comprises at least an electrically conductive area 1
(track), at least an electrode 2 electrically in contact with the track 1, and at
least an electrical connector 3 placed in the track 1. Therefore, the electrically
conductive area 1, track, transmits an electrical signal from an electrode 2
placed in contact with the skin of a user to an electrical connector 3 placed in
the electrically conductive area 1, the track. The connector 3 may be in
contact with an electronic instrument for receiving and collecting and/or
storing and/or processing, and/or transmitting data from said fabric.

The electrically conductive area described herein, comprises a first layer of
silicone rubber loaded with an electrically conductive material. The silicone
rubber before the process of curing is in a liquid high-viscosity state. When
the silicone is in the high-viscosity state is printed in the fabric. This means
that the union silicone-fabric is an union without an adhesive. The silicone in
the high-viscosity state when is printed in the fabric is capable to penetrate in
the orifices of the fabric, anchored with the structure of the fibers of the fabric.
Therefore, the electrically conductive area described in the present invention
is integrated into the fabric.

Accordingly, it is also encompassed into the scope of the present invention a
fabric which comprises at least an elastic and electrically conductive track
integrated into the fabric, wherein the elastic and electrically conductive track
comprises a silicone rubber loaded with a electrically conductive material,
obtainable by the steps:

a) screen-printing, applying a pressure comprised of from 0.2 to
0.8 Kg/m?, a first coating of silicone rubber loaded with a
electrically conductive material on the fabric;

b) pre-curing the first coating for up one minute at a temperature of
at between 80°C to 200°C;
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c) curing the first coating at room temperature;
being the thickness of the printed coating comprised of from 120 to 800 um
thick.

Alternatively, the electrical conductive area is not printing directly over the
fabric, there is a second silicone layer between the fabric and the conductive
area. The second silicone layer printed over the fabric is integrated into the
fabric since it penetrates in the orifices of the fabric and anchores with the
structure of the fibres of the fabric; following the silicone rubber loaded with
an electrically conductive material is printed over the second silicone layer
and it can be integrated into a molecular structure of the silicone by means of
chemical bonds. In either case the fabric cohesive strength is improved. As
final result, the silicone rubber loaded with an electrically conductive material
and the second silicon rubber are jointly integrated into the fabric.

The electrically conductive material which are added to silicone rubber for
imparting electric conductivity is selected from carbon black, graphite or
various metal powders such as silver, nickel, and copper. Preferably, the
electrically conductive material is carbon black.

The term “carbon black” as used herein, refers to carbon in the form of
colloidal particles that are produced by incomplete combustion or thermal
decomposition of gaseous or liquid hydrocarbons under controlled conditions.
Its physical appearance is that of a black, finely divided pellet or powder.
There are different types of carbon black in relation with the reaction
condition, these are for example furnace black, lamp black, thermal black,
acetylene black, channel black.

In a preferred embodiment the percentage of the conductive material is
between 10% to 35%. In a more preferred embodiment the percentage of the
conductive material is between 15% to 30%. In another preferred embodiment
the percentage of the conductive material is between 20% to 25%.
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To favor the union between the fabric and the first layer, it is possible to place
a second silicone rubber layer between the fabric and the first layer of
silicone rubber loaded with an electrically conductive material 1.

Therefore, in an embodiment of the this aspect of the invention the fabric
futher comprises a second silicone rubber layer placed between the fabric
and the first layer of silicone rubber loaded with an electrically conductive
material 1.

In another embodiment of this aspect of the invention the fabric further
comprises a coating of an insulating material covering the layer of silicone
rubber loaded with an electrically conductive material 1. An example of
insulating material is an anti-slip silicone; this silicone has a material/skin
friction coefficient of al least 0.5.

The fabric of the invention may acquires physiological signal when comprises
an electrode 2 to be placed in contact with the skin.

Therefore, in another embodiment of this aspect of the invention the fabric
comprises an electrode 2 to be placed in contact with the skin of an user, Iin
electrical contact with the electrically conductive area 1.

The term “electrode” as used herein, refers to the area of conductive layer
that is in contact with the skin and wherein a physiological signal is received
or an electrical impulse is transmitted to the user.

In a preferred embodiment of this aspect the electrode 2 comprises a
conductive fabric made of conductive fibers and non conductive fibers. More
preferably the electrode 2 refers to a conductive fabric made of conductive
fibers.

Preferably, the conductive fibers are made of silver coated nylon (such as X-
static® yarns from Laird Sauquoit Industries) and the non conductive fibers
are made of nylon. Non limiting examples of conductive fibers are fibers made
of silver, copper, nickel, stainless steel, gold, non conductive fibers coated
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with a conductive material or mixtures thereof. Non limiting examples of non
conductive fibers are wool, silk, cotton, flax, jute, acrylic fiber, polyamide
polyester, nylon and/or with elastic yarns (such as LYCRA® branded spandex
from Invista™ S.a.r.l).

In a preferred embodiment of this aspect the electrode 2 is a layer of silicone
rubber loaded with an amount between 5% w/w to 40% w/w of an electrically
conductive material, which is integrated into the fabric. When the flexible,
elastic and conductive electrode is elongate, the fabric support extends
substantially the full length of that layer. The flexibility and elasticity of the silicone
enables the electrode to be held in very good conformity and electrical surface-
contact with the patient’s skin throughout substantially the whole area.

In the electrocardiogram (ECG) measurement, the contact resistance
between the skin of a human body and the electrodes can be about several
MQ. Thus, a resistance value, from one end (electrode contact portion) of the
silicone rubber loaded with electrically conductive material to the other end
(connector portion), of 1000 KQ or less is sufficient for practical use when the
silicone rubber loaded with electrically conductive material is stretched by
about 50%.

Therefore in a embodiment of this aspect the electrical resistance per cm of
the silicone rubber loaded with an electrically conductive material is 1000
KQ/cm or less, preferably 500 KQ/cm or less. In another embodiment of this
aspect of the invetion the electrical resistance per cm of the silicone rubber
loaded with an electrically conductive material is comprised of from 50 Q/cm
to 100 kQ/cm, preferably comprised of from 1 KQ/cm to 100 KQ/cm,
particularly preferred the resistance per cm value is comprised of from 50
Q/cm to 10 KQ/cm.

In another embodiment of this aspect the cured temperature of the silicone
rubber loaded with an electrically conductive material is between 20°C to 200
°C. A more preferred embodiment the cured temperature is between 50 °C to
140 °C. In another preferred embodiment the cured temperature is between
100 °C to 120 °C.
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The silicone rubber loaded with an electrically conductive material contains a
platinum catalyst, diorganopolysiloxane having silicon-bonded alkenyl groups,
organohydrogenpolysiloxane and an electrically conductive material.

Therefore in a embodiment of this aspect the silicone rubber loaded with an
amount between 5% w/w to 40% w/w of a electrically conductive material
comprises:

a) diorganopolysiloxane having silicon-bonded alkenyl groups;

b) organohydrogenpolysiloxanes;

c) a platinum catalyst; and

d) an electrically conductive material.

Examples of the diorganopolysiloxane having silicon-bonded alkenyl groups
are dimethylvinylsiloxy- terminated dimethylpolysiloxane gums,
dimethylallylsiloxy-terminated dimethylpolysiloxane gums,
phenylmethylvinylsiloxy-terminated diphenylsiloxane-dimethylsiloxane
copolymer gums, dimethylvinylsiloxy-terminated methylvinylsiloxane-
dimethylsiloxane copolymer gums and silanol-terminated methylvinylsiloxane-
dimethylsiloxane copolymer gums.

Examples of the organohydrogenpolysiloxanes are trimethylsiloxy-terminated
methylhydrogenpolysiloxanes, trimethylsiloxy-terminated dimethylsiloxane-
methylhydrogensiloxane copolymers,dimethylphenylsioxy-terminated
methylphenylsiloxanemethylhydrogensiloxane copolymers, cyclic
methylhydrogenpolysiloxanes and copolymers composed of
dimethylhydrogensiloxy units and SiO./; units.

Several platinum catalyst are known as curing acceleration catalysts for
silicone compositions which cure by a hydrosilation reaction. Example of the
platinum catalysts are: platinum black, platinum on active carbon, platinum on
silica micropowder, chloroplatinic acid, alcohol solutions of chloroplatinic
acid, platinum olefin complexes, platinum tetrachloride, platinum vinylsiloxane
complexes, chloroplatinic acid-olefin complexes, chloroplatinic acid
methylvinylsiloxane complexes.
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In a preferred embodiment of the this aspect the silicone rubber loaded with
an amount between 5% w/w to 40% w/w of a electrically conductive material
comprises:

a) divinylpolydimethylsiloxane in a percentage between 60% w/w to 75% w/w;
b) dioxosilane in a percentage between 7% w/w to 15% wiw,

c) carbon black in a percentage between 5% w/w to 15% w/w,

d) platinum (0)-1,3-divinyl-1,1,3,3-tetramethyl disiloxane (CAS No. 68478-92-
2) in a percentage between 0,001% w/w to 0,05% w/w and,;

e) polydimethylthydrogensiloxane in a percentage between 3% w/w to 7%
wiw.

The high degree of adhesion strengh between the fabric and the elastic and
electrically conductive material is achieve because the coating material can
readily penetrate the interstices between the strands anchoring with the
structure of the fibers of the fabric, resulting in the integration of the elastic
and electrically conductive material into the fabric.

Liquid-printing is a coating method wich combines laminating and liquid
coating, in this case the silicone to be coated is a liquid (high viscosity)
silicone but instead of be applied in both sides is applied just in one side of
the fabric similar as the laminating process. The thickness control is important
in coatings because they change the fabric properties in mesure of the
thickness of the coating.

As is well known in the art, the term liquid-printing encompasses a family of
printing processes where the printed material in liquid state is deposited on
the support. Within this family of processes are: screen-printing and digital-
printing. In the digital-printing process the material is directly applied by a
dispenser that reproduces the digitally processed design. Screen-printing
process the liquid material is deposited using a stencil. The stencil can be
made in different design and thickness.

As mentioned above in another aspect of the invention is provided a
preparation process of the fabric of the invention, which comprises the steps
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of:

a) liquid-printing a first coating of silicone rubber loaded with an
amount between 5% w/w to 40% w/w of a electrically conductive
material on the fabric;

b) pre-curing the first coating for up one minute at a temperature of
at between 80°C to 200°C;

c) curing the first coating at room temperature.

According to an embodiment of the present invention, the liquid-printing
process is a screen-printing process.

The term “room temperature” as used in the present invention, refers to a
temperature between 20°C to 30°C for example 25°C.

A printed circuit board is a conductive wiring system coated in the board by
printing the conductive material on the board, different electrical components
can be bond to the conductive wiring system in order to achieve different
purposes. The present invention describes a circuit with elastic and flexibility
mechanical properties, where the board is fabric mesh and the wiring system
is conductive silicone printed on the fabric. Once the silicone is cured is not
possible to connect any electronic component, so in order to use this silicone
as wiring system the electronic components will be place in the fabric before
applying the liquid conductive silicone, this method is described as the
preferred embodiment comprising the following steps:

a) coating the electrode with a thermal adhesive

b) fixing the electrode to the fabric;

c) liquid-printing a first layer of silicone rubber loaded with an
amount between 5% w/w to 40% w/w of a electrically conductive
material on the fabric;

d) pre-curing the first layer for up one minute at a temperature of at
between 80°C to 200°C;

e) coating a layer of an insulating material covering the first layer
of the silicone rubber loaded with an electrically conductive
material;

f) curing at room temperature;
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g) putting the connector.
In a preferred embodiment, the first layer of silicone rubber loaded with the
electrically conductive material is screen-printed with a thickness comprised
of from 120-800 um, preferably comprised of from 200-500 um, being
particularly preferred comprised of from 300-400 pm.

The electrode is placed in the fabric in such a way that it is electrically in
contact with the track.

The steps a) and b) describes the process for the preparation of the
electrode, the steps c) to f) describes the process for the preparation of the
electrically conductive area. The process for the preparation of the electrically
conductive area, steps c) to g) can be carried out before the process for the
preparation of the electrode steps a) and b).

When the fabric further comprises a second silicone rubber layer placed
between the fabric and the first layer of silicone rubber loaded with an
electrical conductive material before the step d), a step of liquid printing the
silicone and a step of pre-cured the second silicone can be carried out.

Throughout the description and claims the word "comprise" and variations of
the word, are not intended to exclude other technical features, additives,
components, or steps. Furthermore, the word “comprise” encompasses the
case of “consisting of’. Additional objects, advantages and features of the
invention will become apparent to those skilled in the art upon examination of
the description or may be learned by practice of the invention. The following
examples and drawings are provided by way of illustration, and they are not
intended to be limiting of the present invention. Reference signs related to
drawings and placed in parentheses in a claim, are solely for attempting to
increase the intelligibility of the claim, and shall not be construed as limiting
the scope of the claim. Furthermore, the present invention covers all possible
combinations of particular and preferred embodiments described herein.

EXAMPLES

Example 1.
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It was measured the performance of the fabric of the invention with different
levels of streching to evaluate how it may affect the quality of the signal.
The fabric in the example comprises a electrically conductive area which
comprises a conductive silicone (VP97065/30 from Alpina Technische
Produkte GmbH), two electrodes of conductive fabric made of conductive
fibers and non conductive fibers, the conductive fibers are made of silver
coated nylon (X-static® yarns from Laird Sauquoit Industries) and non
conductive fibers are made of nylon.

To test and evaluate the signals transmitted through the electrically area
which comprises the conductive silicone VP97065/30, it was followed a test in
which the electrically conductive area was subjected to different levels of
stretching to evaluate how much the signal is distorted.

Three states are evaluated: resting, electrically conductive area stretched by
about 25% and electrically conductive area stretched by about 50%.

The signal was generated by a PS420 Multiparameter Patient ECG Simulator
(from Fluke Corporation) and passed through electrodes, and the signal is
conducted via the electrically area which comprises the conductive silicone to
an electronic instrument for receiving and transmitting the signal to a
computer for visualization and further analysis.

The levels of electrically conductive area streching were the following

Resting: the electrically conductive area is not stretched, keeping their
original length 6.5 cm.

25% Stretching: the electrically conductive area stretched by about 25%
of their original length, 8.125 cm.

50% Streching: the electrically conductive area stretched by about 50%
of their original length, 9.75 cm.

For each state (resting, 25% and 50% stretching) it was captured two
segments of signal that consists in 9-10 heart beats of the ECG Simulator (10
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seconds each segment because the simulator is configured at 60 beats per
minute).

When the different electrocardiographic signals were obtained with the
different levels of stretching we make a sort of measures over these signals to
evaluate the performance the electrically area which comprises the
conductive silicone. These were the measures performed on the signals:

Visual Measures

This measure was a direct recognition, just by watching the signal, of the
quality of the signal acquired in terms of morphology and noise detected. This
visual recognition is also used to identify what beats (QRS complexes) and
characteristic waves were recognizable and which of them are too noisy to be
recognized by a cardiologist. A total of 500 beats were analyzed for each
different level of electrically conductive area streching.

Measures over the signal

These measures were made on the signal registered in each level of
stretching. These measures involve manual and automatic analysis of the
recorded signals.

Cross correlation: the signal was separated between the different levels of
stretching and compared with the correlation between each other. The cross-
correlation was a measure of similarity of two waveforms as a function of a
time-lag applied to one of them. This was very helpful because it was used an
ECG Simulator that always generates the same beats with no difference
between them. That means that if we do the cross-correlation between two
signals (one with no stretching and one with stretching), the only difference
between them will be the noise. This measure goes from 0 (no similarity,
completely different) and 1 (the signals are equal).

RMS Noise: the RMS (Root Mean Square) of the T-P segment was be
calculated in between heartbeats. This measure was done for each stretching
level and, averaged, will give us an estimate of the noise in the signal. These
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measures were done manually (to select the beginning and end of each
segment).

Both values were very important and very good estimators of the noise
present in the signal and the distortion introduced by the stretching of the
silicone rubber loaded with electrically conductive material.

Results

This section presents the results obtained by the test protocol followed.
These results involve all the measures taken that have been described in the
previous sections. The information was presented divided in two sections:
Visual Results and Measures over the signal.

Visual Results obtained taking captures of the signal directly from the
computer

The line that crosses the ECG strips indicates the point where the stretching
started and maintained until the end of the strip.

a) 25% Streching

Two examples, (FIG. 2, FIG: 3), left part of the strip (left of the line), the
electrically conductive areas aren’t stretched, and the right part of the strip
(right of the line) the electrically conductive areas are 25% stretched.

b) 50% Streching

Two examples, (FIG. 4, FIG. 5), left part of the strip (left of the line), the
electrically conductive areas aren’t stretched, and the right part of the strip
(right of the line) the electrically conductive areas are 50% stretched.

From these signals was easily observed that the quality of the signal is barely
affected by the stretching of the electrically conductive area . More noise was
present and visible when the track is stretched a 50%, but this noise was not

enough to corrupt the signal and all the waves and characteristic points were

still visible, and also was a noise easily filtered in a post processing.

Signal Measures Results
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In this section it is showed the results obtained with the measures made,
manually and automatically, over the signal as was explained before. These
results give a more accurate approach of the noise and quality of the signal.

a) RMS Noise

25% Streching

The results are given for four different segments, two of them with the
electrically conductive area not stretched (NO STRETCH_1 and NO
STRETCH_2) and the other two with the electrically conductive areas 25%
stretched (25% STRETCHING_1 and 25% STRETCHING_2).

Table 1. RMS Noise

RMS Noise
No Stretch 1 0.11918993
25% Streching 1 0.13268027
No Stretch 2 0.14075932
25% Streching 2 0.14376695

In both cases, the signal without stretching the electrically conductive areas
had less noise than when the electrically conductive area was stretched after
that. It is clearer with average results.

Table 2. Average RMS Noise

RMS Noise
No Stretch 0,12997463
25% Streching 0,13822361

50% Streching

The results are given for four different segments, two of them with the
electrically conductive area not stretched (NO STRETCH_1 and NO
STRETCH_2) and the other two with the electrically conductive area 50%
stretched (50% STRETCHING_1 and 50% STRETCHING_2).
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Table 3. RMS Noise
RMS Noise
No Stretch 1 0,14470239
50% Streching 1 0,14615933
No Stretch 2 0,14576144
50% Streching 2 0,15123728

In both cases, the signal without stretching the electrically conductive area
had less noise than when the electrically conductive area was stretched after
that. It is clearer with average results.

Table 4. Average RMS Noise

RMS Noise
No Stretch 0,14523191
50% Streching 0,1486983

It was also very significant that the difference between the two states were
very low, so that indicates that very little noise is present due to the stretching
of the electrically conductive areas.

Cross correlation

This measure gives an estimate of the signal quality, being values next to one
the best ones because that indicates that the signal captured with the
conductive not stretched is equal to the signal captured with the electrically
conductive area stretched. The next Table 5 shows the results for the 25%
Stretching and 50% Stretching.

Table 5. Cross Correlation

Cross
Correlation
No Stretch/25% Strech 0.975041781
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No Stretch/50% Strech 0.960290

Table 5 shows that the signal was barely corrupted by noise in both
situations. As expected, the 50% stretching was a little bit worse but the
results were extremely good with a similarity of 96% (only 4% of noise) in the
worst case.

Analyzing the data shown here, it has been extracted some conclusions that
define the performance of the conductive electrically conductive area : the
electrically conductive area are appropriate to transmit bio-potentials, and in
particular as seen here, electrocardiographic signals, the electrically
conductive area behave very well in situations of stretching, with very little
corruption (noise) of the signal, all the characteristic points and waves of the
electrocardiogram are perfectly recognized when the electrically conductive
area was stretched, so there were no problems with visual inspection of the
ECG.
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CLAIMS

1. A fabric which comprises at least an elastic and electrically conductive
track (1) integrated into the fabric, and wherein the elastic and electrically
conductive track comprises a silicone rubber loaded with a electrically
conductive material, being the thickness of the elastic and electrically
conductive track comprised of from 120 to 800 um thick.

2. The fabric according to claim 1, which further comprises a layer of an
insulating material covering the track.

3. The fabric according to any of the claims 1 to 2, wherein the fabric
comprises an electrode to be placed in contact with the skin of an user, in
electrical contact with the elastic and electrically conductive track.

4. The fabric according to claim 3, wherein the electrode comprises a
conductive fabric made of conductive fibers and non conductive fibers.

. The fabric according to claim 3, wherein the electrode comprises a
layer of silicone rubber loaded with an amount between 5% w/w to 40% w/w
of an elastic and electrically conductive material, which is integrated into the
fabric.

6. The fabric according to any of the claims 1 to 5, wherein the electrical
resistance per cm of the silicone rubber loaded with an electrically conductive
material is comprised of from 50 Q/cm to 100 kQ/cm.

7. The fabric according to any of the claims 1 to 6, wherein the cured
temperature of the silicone rubber loaded with an electrically conductive
material is comprised of from 20°C to 200 °C.

8. The fabric according to any of the claims 1 to 7, wherein the silicone
rubber loaded with an amount comprised of from 5% w/w to 40% w/w of a
electrically conductive material comprises:

a) diorganopolysiloxane gum having silicon-bonded alkenyl groups;
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b) organohydrogenpolysiloxanes;

c) a platinum catalyst; and
d) between 5-40 % w/w of an electrically conductive material.

The fabric according to any of the claims 1 to 8, wherein the electrically

conductive material is carbon black.

10.

A process for the preparation of a fabric as defined in any of the claims

1 to 9, which comprises the steps of:

11.

a) liquid-printing a first layer of silicone rubber loaded with an
amount between 5% w/w to 40% w/w of a electrically conductive
material into the fabric;

b) pre-curing the first layer for up one minute at a temperature
between 80°C to 200°C;

c) curing the first layer at room temperature.

The process according to claim 10, wherein the liquid-printing step

comprises applying a pressure comprised of from 0.2 to 0.8 Kg/m? when

printing the silicone rubber loaded with the electrically conductive material

directly to the fabric.

12.

The process according to claim 11, wherein the liquid-printing step

comprises applying a pressure comprised of from 0.3 to 0.5 Kg/m® when

printing the silicone rubber loaded with the electrically conductive material

directly to the fabric.

13.

Use of a silicone rubber loaded with an amount comprised of from 5%

w/w to 40% w/w of an electrically conductive material for the preparation of

the fabric according any of the claims 1 to 9.

14.

A device comprising:
a) the fabric as defined in any of the claims 1 to0 9,
b) an electronic instrument for receiving and collecting and/or
storing and/or processing, and/or transmitting data from said
fabric.
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15. A garment comprising the device of claim 14.



